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ANTI-SHRINKAGE AGENT FOR HYDRAULI C MATERI AL Field of the Invention
I t invention relates to a shrinkage reduci ng agent for
hydraulﬂmmmmmmmmﬁwmp a nmet hod of producing the sane and an additive
conposi ti on«dogk= hydraulic materials. Prigqr Art Hydraulic materials can give
cured products excellent in strength and durability, anong others, and
therefore are in wide use in the formof cenment conpositions such as cenent

pastes, nortar and concrete. They ajp:di@WchRdpgpensable in building civil
engi neering and architectur aI struc ures. uch hydraul i c mat erials,

however , “r‘iave a probIAgrlf’rI AHR ENKRGH ARENT; ﬁQ uHF BRLYHC WRTER 1AL i ning in the
i nsi accordl ng to anbi ent tenperature, noisture and ot her
cond\'ﬁ@ ryl ng shr i nkade;RiA0ESERS MRMITRAl y due to such moisture
di ss ausg cracks to, appear in EU{: roduct | owering fhe

st rengt h“a'n’d“ durabr et PreReRbomVantdrBat842FRS stY ehgh la‘rlﬁ]‘gﬂuFﬁg 119 of

civil engi neeademd: &nd lydulact mabérba Yaucbuneshed adupeodec i mudher sdwhens
such as endanggy ed sabetyvantbddiqased roePalaLRG) Lo ateriR@sgover nnent
regul ations with respect to these problens are going to be tightened. For

i nstance, the Japanese | aw concerning the pronotion of assurance of the
guality of houses as enacted in JunePri®99Arhcl udes concrete cracki ng anong

the defects to be ﬁg@ﬁbﬁﬁf.’c nEYEERELs da &P«P@'&urhﬁeﬂ&du%tfsh&d&%%'n@ {dty of

specifications, with re ct to .crackin ry hr i nkage,
pgrfornance GihrEenet ‘SV?H%YCo?ﬂWﬂg‘et %Y?Ygapﬂtt:"&gﬁ%ﬂe aﬁFg‘nJ‘I’gg% 5308

in or after 2065inUderformeoticanardt gnopssithens mpoht ancemehtshaspdage

reduci ng agemtos.»tfaer ahbidé@:&&ﬂé%ermt enéﬁlasré/\moehlaaey @ﬁsém aﬁogrﬁémj
shrinkage due_ .taq ﬁlﬁgg?of cure as be,

recogni zed ar?d‘v\}arre %Ehrh%lac% é%lcliuﬁﬁsggf? ﬂa%turt?gen §u% May 2003 2
made. Thus, thyslreglicwhaleigdit s hhaesebedr %mgé&elﬂor Afgducewginde

shrinkage of &meﬁe@ﬁwmréﬁymﬁa @ﬂx_bheal&é?i@é d%ﬂﬁ&@é&ﬁ‘a@éb?&uﬁﬁduas
(Japanese Ko ku ubI tion Sho-56- 81148%(13 di hydric to
C

al cohol - et hyl % 8 %‘&P%’Pao %en8°5% Y AR 6?&%&5% % I(?)%ku
Publ i cati on rek,riyi@y- sBrinkage awmgrgisieglsaniasumdlidy ehee dw dochddetsure

(Japanese KokfilklsiBullbgatd arhdi CQLC&EZié)app@wpﬁomdr@aep%aﬁ@ts,speci es in

t he range of oI| gonmer Japane Kokai cati 59 152283

| ow- nol ecul ar OV"@ lﬁ? T“Eg:oa'g < Stﬁlaazralrcriegelrﬁgfii é Ptqbel i Cati on He stf)bs 6§00) and
CB 2et hyl hexaﬁrtélenartlayaleheuwrdleltadaéaléfl(lJmm)ng a%ﬁgcmhe%uraml

t hese corrpourgi&uerterelslggmmi@ 9&riows PRbBLEhArsaiTRe Ukiisanddiradasamd e ul ar
wei ght of not EhQQeé‘bPéﬁ 1:*191 0..8peNng them those shrinkage reducing
agents which ahave Been put actice use and are commercial l y avail abl e
are reviewed, for E?&aﬁﬁl"érm“ﬁ““ KGHR&FF%%“#(HH\‘RB?&SPﬁétK& PP s hin

Gjutu (Develarmrrqotinanﬁo Sbat e-giftenlee- arnrofreo{uw:mgr eshef J&‘pmmrs%t daw

Adm xtures)" (e o] i d, %B'Iﬁ{m ) .
However, the ésc{nan gg éc]{cja Prglgggirr%[ﬁ%?s 0 ese shrr néag? aduc nlg)eagent S
are as high & 2“?6‘3%‘% ighJIupe. UM é@ﬁéﬂ?e%cﬁﬂ%ﬁetﬁag%c"’s‘tg £RIRIVHEh used
i n concrete, ddfeytisncoebserdia reokt Birtdoncr etre Japdn¢anhaeyeirs ithesai d t 0 be

gener al pur p%%%sqg Th? gl\gaéﬁx@%ﬁlcaﬂ%n%?g@{g% r@'sggcwoegraé‘i{u\’@ﬁggttcagent S

for reducing shrrn g yi ng, Japanese Kokal Ication
Hei - 08- 26874 Argiisg| sREiNkagendir @eESerRrnge 2geiRn it me@ddr Pi¥ed shri nkage
reduci ng typ@mmehecbmq sast rvdyicetit ipobydes mMesiosednf bemateol 3aEF.boxylic

acid (o a Syiic BKEek Bksk BEcEhemealuhondiing. oF A AlgaL kiiengy ol yoo

or pol yhydric a Rains thereo I's I's not easy to
synt hesi ze. P@F“&Et§Pﬁ|WXFQﬁUdHCnBPE%H+%&S\Mﬁﬁﬁﬁtpééﬁﬁ%ﬁﬁa§’RFPﬂr%%§é’ t here
are known netshedskabecdue aopdi gengrodf tuped yyetrdaailng aatetinllsshasdbden

unsat urat ed RRAQIEL. QPG A R VL NETs coMmING; LAl fufRet iBuLeRsanLKat ent
Application No. 0271435 (A2) 28 May 2003 3 drscloses the use of a graft
pol ymer constituted of a main chain polyether pol ymer and a side chain

pol ynmer resulting from pol ynerization of an unsaturated ethyl enic nononer
as a superplasticizer or water reducing agent for cenent conpositions and
Japanese Kokai Publication Hei-11-139855 di scloses the use, as a cenent
additive, of a graft polyner conprising a specific nonomer and having a

wei ght average nol ecul ar wei ght of not |ess than 6, 000. However, these
graft polyners are intended to inprove the strength and other properties of
cured cenent products by reducing water and curing cenent conpositions
while nmaintaining the flowability thereof. Nothing is disclosed at all
therein of the use thereof as agents for reducing drying shrinkage .
Therefore t here was a roonrfor studyrng |n order to readrly produce agents
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28 May 2003 m The nethod to be used in the above graft polymﬁgwégbbgg IS
notparticularly restricted provided that the ethylenically unsaturated
nononer can be graft-polynmerized onto the pol yether conpound. For exanple,
the polynerization is preferably carried out in the presence of a

pol yneri zation initiator since, in this case, the shrinkage reducing
ability of the hydrophilic graft polyner can be inproved by increasing the
graft ratio. The polynerization initiator is not particularly restricted
but, for example radical initiators knomn in the art may be used. Fromthe

react t e nt, ano t hers, er oxi de f rred

homeve¥| ¥hglor§7 S¢ 52%63%& owing ﬁSF S ﬁ?gﬁIQéFQ ab fég%i i ncl ude,

anong ot hereajudmt@se:trmrﬁtimnﬂQdEIochdenﬂmt fike}p t1po(18diy1né"hefsle4 may be used

sinaly of ABun INE 1ol NOMAIRY. i dised g0aRL08 Ok ko k) piE] POF: AT O des:
etone erOX|

met hyl ethy exanone pero

3,3, S-trimEandcyd tsh ﬂlhetdﬁylc ket@rlealpediong @dcohol-ethylene oxide

3, 3, 5- tri meidhy reysHichexare ReWEes Nokbyrheyel RBRYRAOPEL DEEHXIsle, met hyl
acet oacet af & dro er oxi des:

. t
tert-butyl™Hy 'g)ope ggﬁdquV%ﬁéﬁgﬂﬁquggéfg%gﬁeenal?%b%?o%@ ez ene
hydr oper oxiddearnz ssdikekakyl Fatodriear isndiey.dPépebdkbile, polypropylene
1,1,3,3tety ?H%ﬂh)gﬂelttﬂé's mhdrt%err%g@eof20t4t}ettbygcyet9£l@éyé)z&b@aotane

P oD O iy S o s Ofdess Al SL oM P e
a,a'-bis(tﬁﬂdduﬂqdqxﬂdhq@uwrumunmmmnapyHbennenesoo) and C, 2-

- bi s( 4
g g g 'msag hﬁ{ R}QHLQQ S 10;9%38)%%3?%{;&’%/%@%%93 (JP 2825855) , among others.
2, 5-di met AL 23h§5G| COBPPBOES| pEE oxl) FdgHfeoF, lewcmolegyl pareppamids s:

tert- bgtylwm?t ka‘t@q@c@ﬂ%g: :v@rﬂghltub)ﬂ nbera&yb?ultaaheab@@tttmno/l

per oxyopenzoat e u ha e, .

A ot ot 5 BfoPeEbaDt o Ehase) FRLTERY dRiing: saents vatsh e 28
May 2003 k&emapb@nanep prertt ok yisependxyrf e ahmmenatie l ltyeavablalyle are

per oxypi valeati@uwdde! tfoQUEXEmBQEOXYHeW@ KonWB% i PRE ORY NIepdac anpat e,

tert-butyl peroxy-2-et | hexanoate, tert-b

per oxy- 3, §a515thr]1‘b@tP|S}FHe%ﬁ1V§a’tc€metr§r f‘“btﬁtﬁtepé’rfo%?éz‘it“éecmologles
cunyl per oxyfocCboatre tet Adinikenykpel ok staleatie,ioner puhéXyhed September
per oxyneohgxangakey,, 'cOO%r Oxt’t%@b@%an&% Statiderd 63di PRI S

n-butyl 4,7 4-bis (teri-butyl'peroxy) valerate
2, 2- bi s(t &f t@@[s)ﬂ ﬁ@,régt%aggt pREuUCing agents are as high as 2 to 6% on

1, 1-bi s(t esHe butlxl penexy)Sost ént fba!mtshybé)’@th@@%ﬂzﬂﬁused in concrete,

1,1- bls(tettbua ggggéy%h cloqe CrgtblsQ}ert ggtgrbgr Xaq§g%)e etc.;
(6) Diacyl pé?o perOX| T solsut yry per oxi 45¢t ano

per oxi de, @H%@ﬁwdymuﬁepeﬁl@@enW§uroyI perOX|de

3,3, 5-trinethyl @mehwbe&eooagpe&@aq@l@ ms;up@dortleeuaelrdwe%a@Q@entb@rrz;qyl

de, 2, 4-di hI b d t 7
Per oxydi cAASIHPES SRALRESBRCPYF Por i CarBBRaEEe B 52 b TSAs o™
per oxydi cdieliotdt-€,68di4-lnd psohyse peroxyafitcdibpans éng agent of the drying
bis(4-ter tshli‘itr))ﬁa@écf&li‘@&{ﬁ% t%%Wﬂﬁt?éBﬂB?@E@s adJ;PXfl': ?Eﬂymer derived

peroxydlcarbonate dlnet ox%gsopropy per oxydi car bona

di (3- met hyiroSmet ik ¢aF BbRatE, thpzaath byeFb e Bdnat e,

etc . (8) b@rxbﬂmgoasgamcblmmdtﬂe@e atetyl o@)@dlqh@qﬂmﬂ@aﬂydl persixiede,

Lent - Ut ylREnO iy 2ar BoNaker, s |1 L AP 3 gl cRaLYDRL zation, a
catal yst for organic peroxi deconposi tion or ound may be
used in conbi na&é@%%%%%hegbaﬁP e%wwgf}'hceata?w%’gweﬁ € graf t

p(r)ll yrrelri Z&E\ie@é byeaddbag ﬁ@tﬁbbylmnﬁaldoynplms;@t t_:,*t:atfedpcmrpytbémr7s:mn:petrment]I to
the pol yet] onpou rization initiator e advance
to the polye ﬁeplggﬂq SE négE%I%%P merdﬁgﬁ)Fop?heeyt%ylé%ﬁbgﬁdp
unsaturaté@lﬁuﬁ@ﬁ@rE@é@ﬁ@ﬁ@nfa@ﬁnﬁaﬁpﬁélgdﬂe@nt@ptt@??kﬁﬁﬁlﬁﬁ”system

simul taneously with the ethylenically unsaturated nononer conponent. 28
May 2003 19 The addition anobunt of the above polynerization initiator is
not particularly restricted but, for exanple, the initiator is preferably
used in an anmount of 0.1 to 15~ by weight on the ethylenically unsaturated
nmononer conponent basis. Wien it is less than 0.1~ by weight or above 15%
by weight, the ratio of grafting onto the pol yether conpound may possibly
decrease. An addition amount of 0.5 to 10% by weight is nore preferred. The
above graft polynerization can be carried out by any known net hod of

pol ymeri zation, such as solution polynerization or bulk polynerization. The
solvent mhlch can be used |n carrylng out solutlon polynerlzatlon IS not

. o o o o L,



35 When the above cenent conpositions are used in the form of8 Meyt2803 or
concrete, the sand and stone to be incorporated in the cenent conpositions
may be any of those so far used in conventional cenment conpositions,

wi t hout any particular restriction. Thus, nention may be made, for exanpl e,
of natural fine aggregates such as river sand, sea sand and pit sand
produced fromrocks by the power of nature; artificial fine aggregates
produced by crushing such rocks or slabs |ightweightfine aggregates; and
the |ike. Thedasldissen tasnisyd odfa gt payyier tbessaBt&bof 2 LNV ehainnal
cenment conpos 2 particul ar .re d on
amount of stof?\&iggéhewr%&% ﬁdegn%aicgésjcﬁ?%oE kﬁl onln‘? uﬂqnﬁ Fbh
conposi ti ons; P?hlé‘}‘%r’r%atﬂ(?'ba’rft PBUNRY 2 FEtadc eithileThe nonRmesggFedat e (sand)
ratio, for i nsﬁp@ﬁﬁlastsldqrz@frebabwteﬂ dedueingbyguRsghdr MMiemtit is |ess

than 20~ by wgj &sx@lJnos“%*ﬁdCBQé£§é§ c?k%llt %B?gc?i‘l? On"ﬁetlh 1‘i°5‘§5§5$ show ng

a |l arge slunp, e coarse aggre rac
- separate fron?lé%lﬂf’*?ﬁs’né?he Ween 7E 2xeanedd @@dlﬁyvﬁel‘%ta gd-"agfl‘iel?’obwp?rcenent
content and uabhpmid Big Corspert facendedr @dd passhdly wiighrgacensget e poor

in flowabilit SlJé\?laLLah:e% he J¥ RLE dl%l%'sytﬁé)n '50088~ %v}é@eghtthé%@%??f or

other materi a orporated in fhe above cement conpositfions, when
necessary. ThED%XWﬁﬁSrﬁﬁ%n%ﬂ&?&dé?etQKkmﬂﬁ%Wﬂ GBPa?FQE?Q£ﬂqu§t88hBEt i ncl ude
the sane onespaspeistiks af canéarienenalpro@ents HONRNS ifngorst e f Aid exanpd e

silica fume, Dblagte EBfngé‘gﬁs;ﬁ%@&whfiérhg%gé’mﬁ{ithé‘%‘io&wifﬂg%'EREP&J)f?" S _such

as steel fibers and g anount €se naterials
are not partiXetking lpeisqlesed afuel hdhepeinid Sheusgthareed amagents
conventi onal ﬁ@mnﬁuemﬁm&lyhmr&rﬁrkegqet hoatk reff opee idriegvd @ reiefdr
conposi tions éﬁu riai o(}‘d'gi” LY. Eeeas& f%‘%@du&@”& &&é"ﬁcy Q%lgagﬁ for

i nstance, ~f t i ng conventional cenen

conposi ti ons %‘i’cﬂﬁa&fr?&rﬁlé’e§“PP5‘?s%¥%ﬁlh€ PRAAFAFS the %ﬁ@ﬂfﬁgadﬂ%% or an
aqueous di spedsy iy Gveso kitikbin0Bhé heddiafi ono amohk ethered thd no@gdsaoni ©f

bl endi ng ce t.er er, if 28 May 2003 36 necessary together
w th anot hepqg% %el\;@llﬁgfgggg%?é, and m xi ng up the whole; the nethod
conprising mxing cement with water, if necessary together wi th another or
ot her ingredients, beforehand samiAaddORQrHED INVENTEONI ting m xture the

cement additive or R 24YggYs, diSREr ého&oﬁ!cé%'f“‘ah@”pi&%&%n@@ﬁt{Ea“ ng up
t he whol e; the ’H‘gtbmd corrgrl S| n&am Xl ng cenmen not her or ot he

i ngredi ents agifdtdésSabge n&-ea8di ﬁﬁet%tattﬁeoﬁl ‘ktf%raertoﬁ?%fh%‘lﬁq he
cenent additiawr, dv pguedds dispeirdiagre ordsolng i syertthdoeohydnalvat er, and

m Xi ntg ugdtthqnazmlealsaﬂdqhh@n r?édéqqlc@@pgalsld}g %Xbaga&ﬁér%&t p%é&mﬁ

cenment additive or an aquyeou r.si on necessary
t oget her witH gﬁgfﬁércr %L‘(d“lnﬁ r é&ﬁe?ﬁt%CtaﬁﬁlsHﬁgﬁﬁf%?t]tjbpfﬁ‘ée?te’s'm ting

m xture and nfbe rpgrqsupretslseowﬂanhbrabbwe cdmentred oppodictisopyeyi wikercur ed
product s exce&ﬁ@ahdll?ltéarﬁ&g%ﬂr} @H?ré’&{ ah ﬁy&Yauﬁ@ﬁthEh§I§:lsaﬁé’dﬁ&'t§[ ef O[ﬁ
can give inproved safe o the struc erefro n_reduce the
cost of repaitd ﬁg‘ 'ﬂ?é’r rgow?h"etiﬁ c,cé?r?Lé ugéﬁg\}\f%’é?“y Oafng]ygaﬁ’}'éﬁ’t%geousl y in
various fi el ds®atesuet sas acinethoengi memdungnanthar sdnid, ccingr ah sddifciys es.

Such cenent C&mltglggs,fo;ogydgmsﬁd tmldttgrgapgef erred node of enbodi nent of
the present invention. The s e redu gr\l/t_egent faqr %%rauljc materi al s

according to the i M&nPFERED ’rrb‘f? 85t ﬂ% Y& i{OYEPEhI2WHER appl i ed
to hydraulic frtleviialos coueliutentudy ipasé, therpeeblaencoarerahud| ke cenment

conposi ti ons,smmuara@r ey@uéhﬁ; %t;@ﬁegtdbrangdﬁlyuﬁi& knlaur%l@wm@hpémw s by
suff|C|entIy reve ress .of shrinkage of. the. cured products
upon dryi ng ci%ﬁ? % %Vobﬁcﬁ%b Y&t 8F SHAEKi TP BT EREi A ef fect whil e
t he additicn1qnﬂhnﬂeqnyrhydnaula@ aretesuil &l segapublee mthihes Sedt ablth it e cost
of producti onsifi dvadicablifc MRY €5de S ro@NhlAksu P neAsad1sThNSeh it can

i nprove the safety of civil engineering and architectural structures and
suppress the cost of repairing thereof, hence is high in general
versatility. 28 May 2003 37 EXAVPLES The foll owing exanples illustrate

the present invention in further detail. They are, however, by no neans
limtative of the scope of the invention. In the exanples, "part(s)" and
"~" mean "part(s) by weight" and "~ by weight", respectively, unless

ot herwi se specified. (Method of water content neasurenment) The water
content was determ ned using a Karl Fischer noisture neter. The apparatus
used was Metler's Karl Fischer titrator DL18 (trademark). Hayashi Junyaku
Kogyo' s Hydranal Conposite 5K (trademark) was used as Karl Fischer's
reagent. {Hydroxyl value determ nation) The hydroxyl value, which is the
nunber of nllllgrans of potaSS|un1hydrOX|de correspondlng to the anDunt of

. B Y M o N
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i~~a~ ~mi a~i ~i~ ~at~t~t~o0o G111 .ZL d ~~a .tat~ta .~t ra .Zt
Vter tE ¢ ¢ LaV. r'aEV. t EY t'- "Yat= :1tCVt

E': '~~r: ~a''~ 0o~ ao. '~= ao8a o0Sa~ ~-08a ooaa ~00S~ oaS~- o~av v - ~

- T T =~ ~c@m§ri’sés~a~p61 e having aaspéciEffc st?ugt@ré"ca}x p;dﬁlf}!@ gn<va vm
T <G <mm= ggcgliékfié?%cggia ;Egventing effect by sufficiently
suppressing the progress of shrinkage due to drying of cured
products even when used at a reduced addition amount to thereby
reduce the production cost of hydraulic materials, hence can
produce a dramatic effect, increasing the general versatility,
improving the safety of civil engineering and architectural
structures and suppressing the repairing costs, and have now
completed the present invention.

Thus, the present invention lies in a shrinkage reducing
agent for hydraulic materials

which comprises at least one polymer selected from the
group consisting of

(a) a polymer having a structure derived from the residue
>f a compound containing 2 to 30 carbon atoms and one active
hydrogen atom by the binding thereto of one oxyalkylene chain
1aving a carboxyl-containing side chain,

(b} a polymer having a structure derived from the residue
>f a compound containing 4 to 30 carbon atoms and two active
wydrogen atoms by the binding thereto of at least one
»xyalkylene chain having a carboxyl-containing side chain,

(c} a polymer having a structure derived from the residue
»f a compound containing 1 to 30 carbon atomns and at least three
ictive hydrogen atoms by the binding thereto of at least one
yxyalkylene chain having a carboxyl-containing side chain

and {(d) a polymer having a structure derived from the

sidue of an amine by the binding thereto of one oxyalkylene chain

ving a carboxyl-containing side chain.

DETAILED DESCRIPTION OF THE INVENTION
In the following, the invention is described in detail.
The shrinkage reducing agent of the invention for
ydraulic materials comprises at least one polymer selected
rom the group consisting of the above-mentioned polymer (a),
olymer (b), polymer (c) and polymer (d). Although it may
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CR7ONP. :~~a~~ftl ONNNNNI ~IF ~ 3 28 May 2003 47 (Test

results) TE6n 4 AP @bt RS r OforRfiantt! 68 b tHRIL eromianehes obit@Fee@eeaem hown

Table 1. F t tent of
Isgemafl gd arm%ﬁf?psﬁsuegnag? gbéﬁ‘% r‘g‘%%lﬁéeag’@%?% fAye? Wﬁf%FoF‘Bﬂﬁ‘é?ﬁﬁs)agent

was used. TheTkége emlymiemsnganrie lisgH- s Bmgley wat éwor edund ey ofge€hemusayl was -
Aqual oc FC- 90§ (dg@ﬂeﬁaagmbpﬁmw o&heﬁln%oersmekebﬁa Oyn%gnsvs@&b%aé' ¢ acid

type) . As a result owabj ot less than 1 was secured in
all the testst "leﬂé‘rt p\mgﬂrfh%“%r?d{ﬁg of €8PFCtLve é’rcglé/“‘e‘FﬁeaH?y‘l‘?]‘g
shri nkage i ncpaasiesilard yameappieteantl y exaggerated change in I ength may be

observed. For thi ereQ@s,Q@nqacQ, @}Qpﬁ@@g}é ggeyﬁgpgqta)of(@na@@t(bj owengeﬁlgent
was added to ther Cﬁ}/ hows the Fhl’l nkage

length (um) on €4 ng ?@5‘8083‘3 %l’?ﬁ&é?goar( taﬁglﬁﬁy}’ OuRFMY$h wat er
was fini shed)reans gnatdury havieg iccatryvefwes irpdirtbies faosmeédnaeralshfitrtheage and

suggests thataddie,eStiebyes hFoiUaStroR whe! abei v %Wbe@nt&m&mq{g ng due
to shrinkage. |n the f | 'owi n (gef rrl%ﬂg to the result gbtal ned on day 28
t

as shown in TEHREUPd- h%oqrﬁo PP FEAGKIRIHER ERR ¥Op% ati ve
Exanpl e 1, tﬂwdmenplceoéamm thdmundadd(age)an)otad@lrttuvelaolyshr| nkage

reduction andrésl’ﬂﬂﬂc%'e'dy wéfraeredl sggs‘kerofgrlo@pq@)shgwgﬁéh desllé%ee m In
Conpar ati ve rcially al |l abl e

shri nkage re%a imtled %5&51“‘3?'1‘5? F&GHiEbn%\éfm(’fer‘%d'éﬁamrg)an HrigdGe 3% OSfd} hei yo
Cement ) suppra®sed)t heos ibherkedexyog 48K & Ine fred,cohn 1l Sonpurdhieve therel e 3,

the addition fy Qe nefnttltaeeéaraﬁloage%ewp%me@ﬁé%&@u&&%&estwaéﬁ?g am
When conpare reducti on ri nkage was 29

d ara
um at the addt? Wi:'(")ﬁc‘é%r%ﬁ?s‘é t Egﬁ%PF?m%%l ?,g ARG W‘iﬁ'd’cﬂet“l YL dunt of
2~. Wth the fineey Ebsecanpoxddi a5 (@hovhicarbhasysheiatkidge ridtiberar tdffeect

thus incr easqqfdrmenseaﬁtap@impeo&po&mmeﬁ@&é meymeﬁoném&un\%en

conpared wt Corrpar ive reduction_|n shr 18 um
e The: add t e RRoRRE " dreer S ahas 26kt e giaact akond Do R SRR, tip
addi ti on anouitte abope pollymps denthdfanine r@hriﬁnkag@aﬁed@u@lrngpéfa“em
i ncreased wi td sth@ckeé easulitl ngdedibh hedeuBYall Hf BXaRk8gdn atmﬂ\(a,ddl tive

1 of the |nveﬂ_t|on 8 ﬁst_e‘g V%ﬁoﬁn se)%@;ﬁ%%hzegongsdpghsmtanol

(trademark, pro&luctS uba Was used I'n éguparratl ve
Exanpl es 5 arfFosp §§Va“§t%1rf’etiwtt¥:§?erf?§'illt% 1o fhggeenasak efuded as
conpar ed wi t hydewganai towe( Hxaapie hifegadditbinodg aﬁlﬁdniblrdl:h@ﬁe ddieweg,esul t's

obt ai ned i ndi h t I
conpared w vggtg%utgr g%lll@(% %(}tqgﬂlgkgyaﬁgiﬁ%%}dng\%ml CG%] e St Pgﬁ%g Lir‘r)at eri al
Sof t anol 30 \ﬁffé‘cﬁééﬂ Wik %‘N‘FQWa@é FRERTHE ef fect exceeded those

obt ai nedI by2u5| ng Rbaérsimy tUoI’lghgaikﬁNeabanfEBQ stid BK%QkQB&h&IdBQLQQE% ]
I n Exa e of 1 l.nventi on IC
was syﬁhem zegvCi E;?”BL,_% if]h% n%q(gh?‘hét% e (clhnrlerr“hesdlnczi{E p%’)tlucgle%%%%

Conpar ati ve Eegkpresed %Hrdney cr%%lrﬁeu ﬁRagelrwdse seagéed s tenpameden t h
Conpar at i ve E)p@ﬂfﬁbe 1 Krereadddt laﬁél) fdi*rd;Ja@ﬂp,leV\hthuédflﬁrésedM%hqnal n

h k ti
ot orial i SFRearad I auar el FINR bl BB Y e

shri nkage was reduced by 42 umin Exanple 3 in which the addition anount
was 1~ (on cenent basis) . Thus, it can be seen that the additives of the
i nvention can produce, at half the addition anmount, the sane shrinkage
reduci ng effect as those produced by the starting materials. Exanple 4
Using the additives 3 obtained in Production Exanple 3 prepared in the
above manner, nortar m xes were kneaded, and test pieces prepared and

eval uated for shrinkage reducing ability (cracking preventing ability) by
nmeasuring changes in length. The results are shown in Table 2. Conparative
Exanpl e 9 No shrinkage reduci ng agent was added. 28 May 2003 49
Conpar ati ve Exanpl e 10 The dehydr.ated Tetraguard AS21 (trademark, product
of Tai heiyo Cenent) obtained in Production Exanple 3 was used for
conparison (conparative additive 1). 28 May 2003 Table 2 50
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Production Exanple 4 A gl ass reactor equi pped with a ther nor$May 2603
stirrer, a nitrogen inlet tube and a reflux condenser was charged with
10S. 0 parts of Softanol 30 (trademark, product of N ppon Shokubai) and 23.3
parts of nmalefic acid, and the charge was heated to 12S 5 Cin a nitrogen
at nosphere for nelting and m xi ng up. Then, while maintaining the
tenperature at 125 5C, 21.7 parts of acrylic acid and 4.9 parts of
tert-butyl peroxy isopropyl carbonate (trademark Perbutyl |, “product of

Ni ppon Ol and Fat) were individually added dropw se continuously over 1
hour. Thereafted, Rsti Ting was continued at 12S 5 C for 1 hour, to give a
graft polynmer ( ft @olydger 4).(MWater (71.4 parts) and 2.9 parts of an
aqueous sol ution ¢f spdium hydroxide (30~ aqueous sol ution) were added to
6.6 parts of the @lafi® polymer 4 to give an aqueous sol ution of the sodium
salt of graft polymer 4 . This is referred to as "additive 9". The additive
4 obtained had a pHof 7.0 and a solid content of 8.5~ and occurred as a
pal e yel | ow twtrdried nsB! ahd R, atdp@hess anxdiomgd of £ & raom hemmrcat vuepresents t e

| nsol ubl e matf guqys6paL akeH Y hryg‘.ls.gcgf’b&h%r%lif)fc%(ﬁ%alyiﬁ& R5 88 PEHYN L O

use, this additive was shaken thorou unt i beca onpgeneous. 28
May 2003 52 @WC?F&\CE%%IWE‘C@%@ §}§ ?Jé%fctcarileqtnct)&e@f\ﬂ %haae the
t her nonet er, sanst ionrr @i ffarent ragerachl etptedentanch aydeblgex sbodemsesr was

char ged wi th 120,08 aEBﬁtQInﬁ%tﬁﬁ_%Lt ﬁglﬂn ”ﬁd% %seREPQPCth&jeMrppon

Shokubai; O Z_ t, sécondar | ene oxi es on avarage)
adducts) and T@%tBér%}%"‘fﬁ rﬁBFéFiﬁgd&‘d: comBrife %W&@X%scﬂ’é'é‘?’e‘&i”t% 12S
5 ~ in a nitragenchshmsphlieries poefaetéd nhpaanghiat xepgatjing iihen berhithein

mai nt ai ning the Sto%%%ro%téﬁeeoﬁ% ﬁfﬁen%&h aidft: STRA 1Rf x&fif&@”d 3.3

parts of tert-butyl perox onat e tra emar

product of Nlaﬂ’ﬁ’(tfﬁeé Pr ok eF‘a‘tﬁp%etrlé’gl Wt &3 dudfFris gct&éara%dmasfeone of

cont i nuous! y Rivand IR’hbera hkepgafit 2tom strid thago tlasr denta hyddogén 2Sm 5 C
for 1 hour, tg gi \ﬁ?d%oeéﬁﬁénm‘ ?Eoﬁ%i‘xﬁin@q WEEV185)carb¥\‘Et§Eor£5108 1 parts)

and 3.9 parts of an aqueous solu sodi um hydroxi d

30~ a ous
sol ution) were addeBet¥PAE POLYREES SFONRTd SGr af T L PHT RS rSg’tl tb‘i“gefe
aqueous sol uttibenbofdine osodi urysbkyleafe ghait mtyMSSdu$m$ ansactefwrred to

as "additive pgarofBa- @ggtéid/ﬁtgsceﬁéé\u‘f@@oﬁﬁﬁyﬁ[ﬁ aASpéc PRl & MGJnBQW f _
transparent sol uti'on havin a so content of 10.4. It did

d
not separ at e ¥ O&aq%ﬁs‘tn‘g %E‘?T‘naﬁtmﬁcﬁ?rﬁlfje‘ﬁﬁé’l‘da‘? GPEPOEY TPt & Ry
Exanpl e 6 Usisiglet kbaaddet iclesingbt aTimeds ide tdhe iaboheveemnerruatmirear kneadi ng

was per for Wecte%'&dttl%tfd%ﬁfé% :‘.ezd?cfl%&aéﬁ%n é!tth'ﬂf‘er(&l’éahq(}%x'{f?&'@dm above
and the speci nens we

ri nkage re q:% (tel cradcmg
Preventing. alFPRSY SRPEREAERTF hgoPRE: S AR GEaT 7 TERGER Eate YOdhITa o o
shown i n Tablwen®@neCopparmtéscenEiadpenpgdnent o Shehnkebsrersdyginngeagent was
added. 28 Mihadeed b'§/3a Qegp@ffaéﬂd&cﬁlﬁarﬁbl 1%132533; &a@pt pePyihd ¥ BLENRIK,

duct of N f ddi t
) - Compar at (Ve B BBy oAt g, 43R YR 14 MRUGREPL) pFOBREL bS Mppon
Shokubai ) vvasmtseedrabedmnbamé@n a(@dtpenequwesadmetaaﬁ@t&)al Cuepareatt ve

Exanpl e 14 T%t@eb}é@%eﬁﬂt@f‘ &fn@@lﬁﬁhsdeﬁbVtﬁ‘é’(téfd?i@d-rqteﬂtéguﬁégeﬁ'ngTﬁU adenar Kk,
product of Tai {n Pr.oducti on _Exanp S, s sed

o ompar | S g0 oEbRs eIt i Dbt B a6t 1o L e et PR CEbi Al M e
Conpar ati ve BEsabpkgsidlaciol mn@merSIabvmntm Prellvedh@r co@Bowkys 2603 54 Tabl e
3 OON~~ NO+ nga‘rb@Qb'Moﬁl (5§ on tSeirs Qs CRRMANGAHY rt§ Ndor@YabREH@Hat 07 - W

r rn, V
a~ m\/\oono 8ﬁ~ Pr%% %M~%cﬁ#ﬂfﬁmwtﬁ§lﬁ& B 5058 8000on 0
t~ O OF. v ~.iredQ-BO@erowing taremall GosaRaex abigiregp-ra bshough the force |y

M-, ~ .r N astwkak, -é6r, thd2 N@t@@oem@@@mow Bn- thé @d&f]ﬁ:ewd)rf-

|1 - - s~ = ~0d,
70 L U0 el s, 5IgE0e wrba“o‘?c?@oga RO RN -

01" a~ a5a y, y, ~ ~~a~ .| ,..~f .. -~1 .~m | Y~ ~ .. ~~U-~~U~U ~U 6U
a~~~o0 v0 ~o v(:.,~ (:.)a~~.,(~.~UC (LU 4 (~ U 6CNm~ . 4. Nzm ~mr.d ~d
.~C 5Gc EUWV ~UUUU~ |~ juj~ 28 May 2003 55 In Exanple 5, the additive 4
of the invention was used, which was synthesized~starting with Softanol 30
(trademark, product of N ppon Shokubai) used in Conparative Exanple 12 and,
in Exanple 6, the additive S of the invention was used, which was

synt hesi zed starting with Softanol 70H (trademark, product of L~lippon
Shokubai ) used in Conparative Exanple 13 . In Exanples S and 6, the
shrinkage was reduced as conpared with Conparative Exanple 11 (no addition)
or Conparative Exanple 14 in which a conmercial shrinkage reduci ng agent
(conparatlve addltlve 1) was used and further the results obtalned
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=Jc<f<t~V ~~ UUL.L.L)a aL.' '~. h. ~0o!~t 70GLs. Z.G~d -~cC r-t C-c ._Kf-K
. 1H W CU )@kmcllﬂé falr @thich. such 28 dépox@03g66up Fumdxiam and and

Ekarrpl e 8, 1@1?91 e i ch was synthesi zed
starting wt hg%o tano‘?/esEgé)S%Bgﬁ? gr}té r ) progﬁcguo Ni ppon Shokubai) used
i n Conpar at i vVBY®5aihiG megexhgl PFP‘E%Fd:rﬁpllé goti HacgpERr ity dhe getipe

i nvention wasmseﬂ:wﬂmq,h supsreydimesheedrogpsds v Wrymn<§o§ﬂ:aﬂndagEPaﬁ85

(trademrk, PEgAlifh:BhubLRRRR, ShRkybAl koSeloh o UmapaLh ke, EXAMRLEd T

Exanples 7 to
Exanpl e 15 ( nebRbi Y Jorkp é\dr%’rﬁ)‘dﬂdty vepa‘a%@mfelqaﬁlmvw th@oﬁﬁ@Y‘él aI
shri nkage r ederch yigeroigantl y( easpei ed t o ratdinkirv eodpoii@st usaghrdads &urt her,
the results Olg)rtlgat!]ﬁ%iEe O&Q%&gﬁlq%taéﬂfin?ggfuef \é%salfls %anzhagﬁ:%ﬂg%&qt used at

an addi ti on anoun n as conpare rafi ve

Exanpl es 16 and 17 The ByPERPRhbi Sty ﬁ“ﬁ‘ghﬁﬁF%P’i“atPJsC’Sa‘f toafn(SF‘eEPQ%‘i%O and

Sof t anol EP7085] yweses usedxptrmpmﬁumaelly resdtviica el gheong s ttkagEreetsici ng
effect than t t ar te

shri nkage redﬁglﬁg ‘ite%e%lﬂ drg% tion I?xgrgpﬁcg&A tsdtogllgr‘{g?ésméﬁae pressure
react or equi PPEHR 1§ltth’e¥§1€|*fﬁt3éﬁl"%v §f‘ﬁr?‘&‘?unta°ﬁ|%1r’bgérf39‘¥ﬂr@ttet'ﬁ@é and a

pressure gagebavasdokadgesl aw détcdstiv@ grtdist Ohehct-tiexangdsohed Po@deisd of
D r o oncgiRle ACUSESP Bl dafePALLO! RRILMRDYYLRRAR s ThEy

pressure reac I'nsi dé was en Wt oA

pressure reactdENCHSSH¥CnAN RESEEALYD afpyintsel Fipmaysos. @tﬁa‘rlfl?ydofso

et hyl ene oxi deharasi g mtalyoﬂueedbmtueddne Hedciotlatas deaAnpebvaudfesoftdd5 7 C
and a safety prassupe £fr 2o {h épgxpo&rfe&e 1efeX. 14 M{D@roﬁ{ 1§l téﬁ@t' on,

the volatile natter was renove ive an interne |nter |ate c),
nanely a 1, 6-INCAR@PICiErngf eHee &Hod’é QH&M’@FrST‘F@rﬁﬂ e’&;lluétte%el

i nt er nedi at e examgsledebgr vehedt hageth appirbprhyde ouWanAl@eeaudaimund to be
444.1. Thus, lhgaygage number of rml es of ethyl ene oxide added to

1, 6hexanedi oI was cal cul ated at 7. 28 May 2003 61 A gl ass reactor

equi pped with a t h&dbReths ab%"%lploll?/@?rsérﬁl ‘i“?‘b@éﬁtllﬁ?e?r]m%saﬁﬂc‘aeq ef | ux
condenser wasirchariged wthad@hdlqanas ebighe (mber rediedightcagedadd. 5
parts of mal &fd Gl wamgmt_ e AR 98 42806280 hd Uhiminel b? Gefi trogen

at nosphere for ttln mxnn%PB hﬁen W | e rra|nt%|t|;nn -
éen{)eratgrte ﬁer% tinitrl%;%og ﬁerlg;@dL tNdred, Embtl fzt(siaﬁ?ﬁjfiétgl d
i-ter ut yl fqperimsitdacet r aslepmesr utydréd,p yofit~is an
Fat) were indigg, e, 'é’tﬁ%ﬁ&'r@'[:?@%‘ﬁ@oﬁ?[‘t baSIRWSI 00, 0T, Irdwpbiedbeieaf ter,
ot "Bl St B USSR e el e R

graft pol yne an
aqueous sol utisopreffesedivm hydooiPle (BO-imnsduecss soteitnmferabl84? Tgart s
of the graft gl wmn9mgay @@fa%qqua %9' Qé'oﬁ‘h%f mbfnecﬁpaiwselsgakt of graft

polymer 9. Thjs.is ferre ‘addi t dditi

occurred as éilﬁéﬁrébygﬁ%vﬁ’ Ss’(ﬁ :{f?ﬁe %abbf‘? ﬁbga %;i) cﬁfcflga solid
content of 3Zhk weigkt cawmtaqsepalree:tuaafrd«emhu d¥wi by ﬁbﬁtrhnmerr@waqe
tenperature. ReduatiroRe E¥RIP(MH)10 A stainless steel pressure reactor

equi pped with a th rreter stl a nitrogen i

pressure gage was g % %‘fﬁ%%‘f LD m‘f{ﬁ%‘ﬂ%criw%fg ko Pure
Cheni cal | ndursetarﬁse§)1eaﬁdl@e d_etpmttm@fi bydyein pyxivendiide. chhenpregsanhyy
reactor insidgpws RUEIeAsmhdde ni frﬁogﬁé\ Q'Igélt b ettelaltli BE, cRAGhA theyfipdsgsur e
reactor inside was heated to 100 hen, 264.6 parts of et hyI ene oxi de
was introduced into the reactor at a safety pressure of 3.9x 10-° to 7.0 x
10-° MPa and at a tenperature of 112.S 7.5 Cfor the initial 50 m nutes
and thereafter at 14S 10aC. After maturation, the volatile matter was
renoved to give an internediate (internediate d), nanely a

gl ycerol - et hyl ene oxi de adduct. The nol ecul ar weight of internediate d was
det erm ned 28 May 2003 62 based on its hydroxyl value and found to be
181. 4. Shus, the average nunber of ethyl ene oxide added to glycerol was
calculated at 2.0. A glass reactor equipped with a thernoneter, a stirrer,
a nitrogen inlet tube and a reflux condenser was charged with 120.0 parts
of the internediate d and 15.5 parts of malefic acid, and the charge was
heated to 125 5 C|n a nltrogen at nosphere for rreltlng and mX| ng up.
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ne. ~. -nrral t 49 U -~0O
ac U ~w~U usgggl\%t}?m%rﬁwaégg E%ll(ee&(!fb%%ﬁ@%fd?}/? Q%#QI nvention
kl as used, V\ﬁlaé‘ﬁlﬁ/ascaéyh?W@@F?éamét:%‘hyngn\ﬁleHeFﬁéoi‘mfth‘e&hatfé rdeded in
Conpar agl V\?mﬁ)(‘_a[[ﬁhgt2ﬁlﬂhﬂﬁ\ thie Exagel ef 11, Odm&oﬁddlot,lwa éﬁdotfhélfwthdﬂée_ntl on
was use i nt he artin t i nt rrE|at used in
Conparative ﬁ)%qrgﬁgtg% ﬁoe%llgz(%geﬁ& Q'LZ) ngh\tg%ad%é???/e “Pror Fﬂtelgtl_‘lnc\’/re S on was
used, which nafrngwﬁ ttagnzeP St a@ﬁ: r@evﬁetrnbwfmatmlnésmms PPP addidilk,
p{)oduct 2of Sab réephape £ G@k?jlusgdtlhé{h @nsmagsat | YRe Ei@dmCO € phdsel msExalrrpI e;
10 to 1 a, r i t anple 1
(no addi ti On%eé?&&g 953 \%’}@ast EXHSR dg%%;&%%h 4 %qgmrer?ogt{ %Ié g‘%rllééka e
reduci ng ageﬁ‘PlEGBhﬁaﬁaﬁgb‘éd&BGFN%‘:H‘)nM}a%e M’§é&laﬁd3“rf’8r’t%¥ef%’??éﬂrl’esuI ts
obt ai ned i ndicoatertbedd the vrddigt bvearfest paudblk, nemBQrV\dﬂersw_ﬁmr@t an
a0t L1 95 amoudhfleaak Bl pAble A5 &pﬁg@{a%%aﬁodwd SRILa I ean! es

20 to 22 in dtartin ral s, nane

i nt er nedi at e P8 el JePrakhale W%@S“(t‘?%é??&ﬂ@ QFO%RRP{ OéfaS%ﬁlleFéﬂﬁﬁo

Chhem Cﬁ| ). f}N&éQgHb‘&d}t mesé)eﬁtahvp,laao shaw Robeghbdr siyhkagr l@éislGJhEg ef f ect
than the e S t | e Stald . Shrdnkage
reduci ng age?]tgg ?@ &l‘(ﬂﬁfd %é i Pgdéé] ucttlehonJ g\%grﬁtg?ﬁﬂf@% néarey Port| and
cement (400 g‘OlE?BHﬂ’étW%ﬁghFafiﬁéﬁy'elwf) ben@uggengeed- st andar d Toyour a
sand were dry-m xethé Nnaeheban tid &iﬂ!@o@fﬁ&ftdﬁ tera(umdxeld beprSQL(dm@derrar k)

, product of b C ﬂ”ﬁ* ang fe m xture
prgpar ed by h‘?u?}irxrr)f}e 'ﬁ%ntaggitgl gggfs 1 f I'n gg?ng , Vé\%‘i éﬁed as
speci fied in*taBr&abs Wik ﬁﬁ‘!‘%?lsq%ltlh@v\éaeﬁyoé Hﬁ%‘tcé§goﬁ %’éﬁ‘fﬂrné‘yat an

i nt er nedi at egspéeobdkyngar\ieaaumrdfaransenpyeeni]’dfnelmmhaambhaemadmm::

i medi ately fb}nggﬁieﬁ@tcgmﬁrﬁéﬁﬁ%gﬂﬁﬁ\s%tt%%latgalésﬂ:\% l'l@dﬂlhoranoﬂé‘r Lgsi de

di anet er of nm an nm as on a I zontal table
to the top | éDePSefntift (SQF“PHB%?t PGS acﬁqlﬁﬁé?lhe\flagoﬂ%?l‘frﬂl | B¥t BBt %p, and

t he maj or axinsethod, nmithdrecanes pdsdibd enivt prodpeeadimeesihpbee takl eawsr e
measured wit R, ¥gEP] %Bog@shl&?%ﬁagér Q@d{]@ ?‘AGEH% fo%%}\@r%u%qg?ma%rﬁ%ﬂ’f Was

reported as the nortar 0 anount of air, entrained

| arge, flow dHBCEW’F‘?‘ﬂQ&'&e tx\?/ﬁ 5?8%?% %dﬁ%rﬁ’ﬂ?%%ab&‘é?‘a"c]éﬂ‘ -and theref ore

t he amount of air Bntuha fletllehing.d dedeconsyatd .thEhmethad apprmpiucang anount
of an air ent Bé's'ﬂ'nﬁké&@%d(l@m@aggﬁ@%r%%lic\&mlaﬁ%rﬂ%%&%) or a

def oam ng agent was, uUséed. was caLcuI at ed based on’the

t o
mortar vol une aﬁtaem?erfvgefﬂtlé?ﬁd Fﬁ% ‘?Qﬂltf"o‘fcatlllré( HEEBFIER e UIKO™ e resul ts
obt ai ned ar e >shpwmentn pabjetit:r deipaingl &xd phibyRedprpdestion method are
usedAddi t i onkL QWA U tgealyecontent (wt . ~) (nm) (vol . Ex. 13Additive
10.57416. 8Ex. 14Additive 30.5689. 8AE agent 0. 1Conpar . AE and
hi gh-range0. 121109. 7Ex. 24wat er reduci ngagent * The addition anpunts are on
the solid conREenyldraisial ivebataverdtted evamime rTleempgnegeht used was Vi nsol

(product of Yamswﬂ@%%ﬁ)cur;(e@aecg ERQMS ARG HehEnSher PIPRYEt i ons. The
amount of the ent r.ai ni and hi gh-range water reduycin gent regw red
fo attain an EBULET Ay bAPAE iR ROPROES: PR LI BoPr S (a2

adm xt ur e- f r eel pher ivakdrcums &t Yfadredubeid endljt tleasheodfeorcavbatryborenph t he
uni t water cQRiente RGN eHHEEDsDY B unftithabhioRoddcMao:Q1it2acid The

fi ne aggregate used was é river systemland sand (specific gravity 2.60,
fi neness nodulus = 2.70), the coarse aggregate used was crushed Qune stone
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28 May 2003 69a in which RL and Rz are the sane or different28May 8&h
represents a hydrogen atom a hydrocarbon group containing 1 to 18 carbon
atons or a carboxyl-containing side chain, Z1 and ZZ are the sane or
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resulting frompolynerization of an ethylenically unsaturated nononer
conponent conprising an unsaturated carboxylic acid nononer, said repeating

uni t conpri simghshedrepaat hﬂgav@l-tunhawsuagtadcafmﬁexﬂqat akhiNgosbsker chai n,
a”d wher ei n fr%cg Gt ayd Sghgﬁic}’e PhSE déé*f Qéee%s'é?x@ yele TRQREDt C[%’Qifdhégs an

, (3-unsat ur dHdrcar I'C aclrd nonome acrylic aci
net hod of pr RRM AoMRAL ¥ amgéemmwgtag@mc twepamﬁ EWORIreRPLg s
according to ézxajdnela,tsmhlwu% R'Prtﬁ@sa ﬁashaeaeﬁraf@dt&adadbaxwwrrséuby
graft polymerjzation. af, ap @%{yalnwd%?' LY HOS&L ¢ hag: raRQHExrrlggo nt onto

a pol yet her co ound sald y unsa L!ra oner conpo nt
conpri sing anlmﬁ@éts@rweeﬁoéé}ﬁbb)&ﬂwtéoaéﬁé nreYsees .o 3thapelpe hbgabion

produci ng a sﬂfwadﬁi@gecaﬁdu@ungewﬁ@ti forn&x&frﬁtélnltcwatﬁém{@medﬂ ng to

Claim 2, wher ol her QP n o] es; At nerre er
sel ect ed fro Ce%%owrdg %g(?m <t an QH P&%%foxllc e“;ng ? a corrpound
cont ai ning 2 I%@%rc%nwea\ttmna Patdcaderve W&Fégéﬁdétooh?malaﬁyn%e

oxi de adduct Semeotsc@frpaurtd:e@@ﬁtamvemléntarépr@aﬁ@@ﬂ atens pﬂéiféxv\ﬁécﬁCtl ve
hydrogen at Oha BXFEHS?S{%P%ea%%‘EEEngé 85 caor{[p ng:oﬁl nég P idh toor 30
carbon atons an ree active drogen a kylene oxi de
adducts of ari'idifoné. another qyyiathes é@ﬁﬁ%?‘ﬂ‘i%ﬂ for hydraul ic materials
corrpr:j sing a shri nhagmenﬁohunurtgtagmotalrbbxglla@lab@dkmhembal Sherdtndvhy 2]903
~0 and a cemgy n erel i.n ent for
hydraul i c mat er 1. g{m cgr(()%id ngngglhje?@ (%e’&ﬁgkp ﬂ]é E ﬁécctrroggﬁi aq:[acg’ group
consi sti ng oft’(‘ldc)lcaaﬁbﬂyn%rmwlﬁ§°§°§%‘?u%‘?’cﬁ‘ eard%ra‘\?‘@&hﬂb?‘n ReRLGSiHue of
a conpound coqdiai.ni Mgprdg tthed) ertRcayaie adid dsepaetdmedpdeagea <t om by
t he bi nding t; f Iyl ene chain having a carboxyl -containing
si de chai n, %%r%tegd? afaf AaB\%iﬁtl% structure derived fromthe residue of a
conpound cont ai ni ngsltht@o"‘?ﬁ.f)3 WBéﬁraF%‘nﬁilaﬁdmela%ﬁFVQ APPRGHeANMBhs by

t he bi ndi ng tthey ahayafi@é theasbronehexy alaky bengewthidiied)adind8g thers,

car boxyl - cont g g'—’&gsikgﬁa%‘&“ calribad 1?8':)@%@ *%;h”%s n3LEPCLULE, derived

fromthe residl a conpoun conta ni ng carbon atons and at | east
three active Wé@eﬁca@or&ewoﬂ‘ﬁé BFAdi ad t Hidrxcendf acideast fone

oxyal kyl ene alradatulravedgd bcodydxgiybcaotdi minglsidées ebahnaant{ddc a pol ymer
having a str %%h‘{;h‘hﬁ@%&?@ﬁth%&ﬁf@ anﬁ%&i&'ﬁeOf A%n%”l:ﬂ&u by, ¢t b@aQt Qﬁ'{eng

thereto of one ox ene chaln havin car boxy -conta|n|ng si de, chai n,
wher ei n sai d SBPIR %ﬁbe?:tfﬁaﬂ 8V R r‘&‘éﬁ? bv"cB&ﬁlsc,tdﬁﬁaPﬁl‘ﬁ@ SHYSTHH n has
a repeating uhirariepaebtrnddnbleidenhgdeidd fopmafarfdd fritm RRelrdady C O
(1) Z1 ZZ in hiiGhpRl;a dv%;ﬁﬁ%tt he sarre or different and each repr esents

a hydrogen atom a_hydrocarhon group ining 1 to 18 carbo ns_ or a
car boxyl - cont ai ni nEog eGhaPd, g&ﬁgg a]aylx‘leergﬁé‘téaﬁeordio GILA ®fand

each repr esentapauhjdrtogermnmiroproatea mdreheyle porivanhing tiaedelsxirsa ity
provi ded thatethe lﬁezggﬁ/rkgp%&a'lngeg?éé decehalndags BeStidch e resul ting

from pol ynerization o I'eni.ca { unsat urat ed nononer co nt
conpri si ng an”’tfﬁé:ahraf:%‘fle‘dl?%bﬁd‘% Pcagte CRAMSiFe ARA8F g Ehe pidty
conpri si ng a thepeafi ny tltmtummgtadcaaﬁmowlJcc;oratcaldnmngomdelszhal n, and

28 May 2003 Hlarwhereln sakd &f Ryl SQ'»Fe?i'dr% ups &t Walrad aBPPONRL g@grmg,nent

o 2% ALk an FELLOTHG ZABErPOIY e Thiobe B, BEaE En borpri ses

at | east one peifpmeblget@ctedOftr bon wheglgr oup consisting of (a) a pol yner
having a structurerdesiyeddiiem kbger&61 e tafced 0cGORROUNGL SONL Nitha 2 tO
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30 carbon atons and two active hydrogen atons by the binding thereto of at
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and other functional group-containing vinyl monomers such as
vinyl chloride, vinylidene chloride, allyl chloride, allyl
alcohol, vinylpyrrolidone and ethyl vinyl ether.

{Polyether compound]

The polyether compound preferably comprises at least one
member selected from the group consisting of alkylene oxide
adducts of a compound containing 2 to 30 carbon atoms and one
active hydrogen atom, alkylene oxide adducts of a compound
containing 4 to 30 carbon atoms and two active hydrogen atoms,
alkylene oxide adducts of a compound containing 1 to 30 carbon
atoms and at least three active hydrogen atoms and alkylene
oxide adducts of an amine, among others. Although it may further

comprise another or other constituents, it preferably comprises
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When there

are two or more oxyalkylene chains in each molecular, they may

group containing 0 to 30 carbon atoms or the like.

have the same terminal structure or different terminal
structures. Among these terminal structures, the structure
bound to a hydrogen atom or a hydrocarbon group containing 1
to 30 carbon atoms is preferred from the general versatility
viewpoint.

As the alkylene oxide, there may be mentioned, for example,
propylene oxide,

ethylene oxide, butylene oxide and styrene

oxide. Among them, the use of ethylene oxide and/or propylene
oxide, together with another alkylene oxide, as necessary, is
preferred from the general versatility viewpoint. These may

be used singly or two or more of them may be used to realize
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heptanol, 3-hepatanol, methylamyl alcohol, 2-ocatnol, nonyl
alcohol and C,,_,, alcohols obtained by oxidation of n-paraffins;
and tertiary alcohols such as tert-butanol and tert-pentanol.
Among them, those containing 3 to 12 carbon atons are preferred
and those containing 3 to 10 carbon atoms are more preferred.
The C,;, dihydric alcohols include, among others,
1,4-butanediol,

propanediol.

hexylene glycol and 2,2-diethyl-1, 3-

The C,.,, tri- and polyhydric alcohols include, among

others, glycerol, trimethylolpropane, 1,3,5-pentanetriol,

pentaerythritol, glucose, fructose, sorbitol, gluconic acid,
tartaric acid and polyvinyl alcohol.

The amines include, but are not particularly restricted
to, ammonia, methylamine, ethylamine, ethylenediamine,
diethylenetriamine,

triethylenetetramine, propylamine,
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1ydroxide, sodium hydride and the like.

The polyether compound mentioned above may be a
derivative from such an alkylene oxide adduct as mentioned above.
Such derivative is not particularly restricted but includes,
among others, terminal group modification products obtained by
conversion of the terminal functional groups of a polyether
sompound and crosslinked products obtained by reacting a
>olyether compound with a crosslinking agent having a plurality
»f carboxyl, isocyanate, amino, halogen or like groups in each
nolecule.

As the terminal group modification products mentioned
ibove, there may be mentioned, for example, the products

)btained by converting all or part of the terminal hydroxy
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10%8 & ()-, Q When the hydrophobicity of the polymer is excessive, the amount

of air in concrete is excessively reduced and accordingly it
becomes difficult to control the amount of air. Conversely,
when the hydrophilicity of the polymer is excessive, an
excessive amount of air is entrained in the hydraulic material
and it becomes difficult to adjust the amount of air to an
appropriate level. Therefore, in the practice of the invention,
it is of particular significance to balance the hydrophilicity
of the polyether compound with the hydrophobicity thereof. As
an index indicative of such balance between hydrophilicity and
hydrophobicity, there is the HLB. Several attempts hdve been
made to express the HLB in a numerical form. In the practice
of the invention, however, the value calculated according to
Davis' formula described in Susumu Tsuji: “"Nyuka Kayoka no
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>f initiation of polymerization.

In the above graft polymerization, some molecules of the
>olyether compound wmay have a number of grafting sites and
>thers may have no grafting site. When a plurality of atoms
are abstracted from one and the same carbon atom, the polyether
chain is cleaved at that site. The polymerization of an
asthylenically unsaturated monomer is terminated by chain
:ransfer, disproportionation or recombination, among others.
[n some cases, mutual binding of molecules of the polyether
compound gives the dimer, trimer and so forth of the polyether
:ompound. Therefore, it is presumable that the molecular
veight distribution of the hydrophilic graft polymer obtained
.5 broadened, hence the distribution (Mw/Mn) increases.
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di (benzoylperoxy)hexane, tert-butylperoxy isopropyl



109
109
109

Tre
o
~—

SSESSSSSSSSSSSESC 88

2020202020202020202020990 292020202020902020202020202052020@20202020

109
109
109
109
109
109
109
109
109
109
109
109
10
109
109
109
\@
1

>

=
S

10%

10%
109
109
10%
10%
109
109
10%
10%
109

NN AN AN AN AN AN AN AN AN NN NN NN AN AN AN AN AN AN AN AN NN NN

Ovvvvvvvvvvvvvvv

N N N N N N N N N N N N N
1 1 1 1 1 1 1 1

,Q 10% & ()-,UZVZWZXZyZzZ{Z| Zt X<0% & ()-, Q 109 &28)Maye§03

,Q 10%& ()-,Q 10%& ()-,Q 10%& ()-,Q 10%& ()-,Q

| 2y z~ Z|ZtX<O%&() ,Q 10%& ()-,9Q 10%& ()-,Q 10%& ()-,Q

. Q 10% & ()- 10% & ()-,Q 10% & ()-,~2ZZ:|ZQ 10% & ()-, W -n-~
o~ ZZZZZZZZtX<O%&'()-,Q 10% & (3-,9Q 10%& ()-,Q 10%& ()-,Q
- Q 10%& ()- Q 10%&'()-,Q 10%&'()-,ZZZZZZZZtX<0%&'()-,Q

,9Q 10% & () - 10% & () - 108 & ()-,Q 10% & () -

,Q  1098,8n4

S abdager %Z@éaﬁe@&ﬁ)sobgt ;M £ Qe IR A0NE -

zzzzzzyzmﬂewaa&e(')eer‘io%‘a' )Perexmewf&ci')oate FOIY & () -
, Q ﬁé%ﬂyr(éoddaanbe%& € rt-®uthQ%h&r o)y ZAKYyl8@¥a&oh) &

S %gﬁfaé%%yl %ffg’%y/d % 54%1&(3@%%,%&)&% éo%e%%ﬁgﬁa P40% & Q

8 Qeggmgleaée,lca%y& ;(e)rm@ocfg%:gp (t)er @e&bb/p&r?)}ypgalate,
, Q LOPEEYY] bzzzzzzzmwﬂdatelo%&ﬂ )peﬁd@yrlb@%&a@até)
,Q 4pN& ()-,Q 10%8& ()- 10% & () -

ZZZ%ZZEE(%%CSQ 18/:%&- qu fo%&%%ﬁgtigz %%Oz@zgkr%%%yrater

, (Q 2129% 8 (DertCQut$DPe ROy )-huDant)d & {Bis Qertothly{peroy) -

-, 0 i a 096, & is 0% & 109 &
O Sk (T O GarlR . 20 o w | ) ow - Hg
ﬂ%.; et ST ey
:(Q i%&/(g% Q’l zzzz?ffgp%%% %Oﬁo gl%'g’ $30 (gi[ gl(g’erc(’f)gde’
6] @6/3:&»3(1) pe@oxig% @iﬁan fs%n&l ]@uroyl perox1de,

-, ZZZZZZZZ—K:@'M@yl&Q%&e@&no@l [ilﬁ(l%)(&dé) -sucQinif¥cdd(PeroQide,
cﬁgﬁll( %perledéo% &l—Qlcthrgage/é@b&]) pez:ux%klg On@% Jr%@ & ()-

, 109%

, [p‘z'ﬁ?’“ &€y, w - n~ H g \@ 0~ [[[[[[ [[tX<0%& ()-

-, 9Q (mw&réyydi@ama&e@). dQ sdPEpY 1( perQxyd 088 Bidn)ateQ) d1—

tg/l(h)ex'y[l[p[i&&ﬁ(if %@n‘gté) d]Q'n‘JIQ:@p%]_() ,9Q 10% & () -,

, Q % @é
T PR TeReoRRn e, @076%&’-’67‘0“ Sedare) o 10ma ()-
peroxydicarbonate, dimyristyl peroxydicarbonate, di-
di (3-methyl-3-
diallyl peroxydicarbonate,

methoxyisopropyl peroxydicarbonate,
methoxybutyl) peroxydicarbonate,
etc.;
(8)

peroxide,

Other organic peroxides: acetyl cyclohexylsulfonyl
tert~butylperoxy allyl carbonate, etc.

In the above graft polymerization, a catalyst for organic
peroxide decomposition or a reducing compound may be used in
combination with the organic peroxide. In carrying out the
graft polymerization by adding an ethylenically unsaturated
monomer component to the polyether compound, the polymerization
initiator may be added in advance to the polyether compound or
may also be added to the ethylenically unsaturated monomer
component or may be added to the reaction system simultaneously

with the ethylenically unsaturated monomer component.
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them may be used combinedly.

The above graft polymerization may be carried out either
batchwise or continuously. The graft polymerization
temperature is preferably 80 to 160 °C. When it is lower than
80 °C,
efficiencyof graftingof the ethylenically unsaturated monomer

the graft polymerization hardly proceeds and the
onto the polyether compound may decrease. When it is higher

than 160 C, the starting material polyether compound and the
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component amount to 0.1 to 100 parts by weight per 100 parts
by weight of the polyether compound. When the amount of the
ethylenically unsaturated carboxylic acid monomer is less than
0.1% by weight, the resulting polymer will hardly act on cement,
possibly resulting in a decrease in shrinkage reducing ability.
When it is in excess of 100 parts by weight, the retardation
of curing by the polymer may be enhanced or the reaction mixture
will acquire an excessively high viscosity and thus become

difficult to handle.

by weight, still more preferably 2 to 65 parts by weight.

A more preferred amount is 1 to 80 parts

The polymer obtained by the above graft polymerization
nay be used either as it is or in the form of a solution 1n a

solvent as a shrinkage reducing agent for hydraulic materials.
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-, Q shrinkage of hydraulic materials in the process of drying and

is usedmainly for the purposes of reducing cracks or preventing
cracking, improving the filling capacity, preventing warpage
and preventing peeling, among others.

In the following, the characteristics of the shrinkage
reducing agent for hydraulic materials according to the
invention are described.

In the shrinkage reducing agent for hydraulic materials
according to the invention, the polymer mentioned above has a
carboxyl group(s) and/or a ¢group(s) derived therefrom by
substitution of a cation such as a metal ion or ammonium ion
for the hydrogen atom of the carboxyl group. Among such groups,
there are included those generated by ester hydrolysis, for
instance, on the occasion of addition of the agent into kneading
water. Since it has such groups, the polymer takes the form

0% &The-mdtnokDYE&gfIEt, PRLyROPE & t(Jon i5\ndtQrel@W ELéd -tow -n~ H
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Hg Q 10Q 1690 &'t()-t41,000 mg/g, more preferably 10 to 500 mg/g, still

more preferably 30 to 300 mg/g. When the carboxylic acidpartly
or wholly occurs as a salt, the total carboxylic acid amount
can be determined by once converting the salt to a totally acid
form or totally alkali salt form and then performing
neutralization titration. In cases where a carboxylic acid
and/or a salt thereof is formed by ester hydrolysis or the like
on the occasion of addition into kneading water, the analysis
can be realized by hydrolyzing the sample beforehand and then
assaying the same.

For the shrinkage reducing agent for hydraulic materials
according to the invention, it is also preferred that the
addition amount of the shrinkage reducing agent for hydraulic
materials which is required for the mortar flow value in mortar
flow testing to amount to not less than 110 mm and for the amount
of air entrained to amount to not less than 11 * 2% by volume
is not less than 1.0% by weight relative to cement on the solid
matter basis or that even when the shrinkage reducing agent for

hydraulic materials is added in an amount of 1.0% by weight or
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109% & () -, table to the top level o the cylinder, hlS cyllnder i's gently

lifted up, and the major axis and minor axis of the mortar spread
over the table are measured with vernier calipers. The mean
value thereof is reported as the mortar flow value. For
evaluating a cement composition entraining a smaller amount of
air, the amount of air entrained in mortar is adjusted to 11
t 2% by volume using an air entraining agent (AE agent). The
amount of air is calculated based on the mortar volume and weight
and the ratio of the materials used.

Further, the shrinkage reducing agent for hydraulic
materials according to the invention preferably satisfies both
the following requirements: (a) that the addition amount
required for attaining a certain shrinkage reducing effect
should be not more than 60 percent of the addition amount
required when the starting material polyether is used as the
shrinkage reducing agent and (b) that the addition amount
required for reducing the unit water content by 18% as compared
with the unit water content in plain mortar or plain concrete
should be not less than 0.5% by weight (relative to cement).

Referring to the above requirement (a), the shrinkage
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The requirement (a) means that the shrinkage reducing
agent for hydraulic materials should be prepared in an
appropriate manner so that when the shrinkage reducing agent
for hydraulic materials is used in an amount of not more than
1.2% by weight relative to cement on the solid matter basis,
a shrinkage reducing effect can be obtained which is equivalent
to the effect obtained by using the polyether, which is used
in producing the polymer mentioned above, as a shrinkage
reducing agent in an amount of 2% by weight relative to cement
on the solid matter basis. It 1s said that the commercially
available polyether compounds known in the art as shrinkage
reducing agents need to be used in an amount of about 2% by weight
of the unit cement content. When the shrinkage reducing agent
for hydraulic materials which meets the above requirement (a)
according to the invention is used, a sufficient shrinkage

reducing effect can be produced at a lower addition amount as
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is preferahly prepared according to JIS A 6204, for instance
and plain mortar is preferably prepared according to mix
proportions by which the addition amount in plain concrete can
be reproduced. For establishing reproducibility, the use of
an air entraining (AE) and high-range water reducing agent (to
be mentioned later herein) as a standard sample is preferred.
Thus, if when the addition amount of the air entraining and
high-range water reducing agent required to reduce the water
content per unit volume of plain concrete by 18% by weight is
applied to plain mortar with the unit water content being
reduced by 18% by weight, the plain concrete and plain mortar
are equivalent in flowability, then the mortar test can be used
as a simplified method of evaluation. On that occasion, the

evaluation is preferably made at the same air content amount
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residue of a compound containing 1 to 30 carbon atoms and two
active hydrogen atoms by the binding thereto of at least one
oxyvalkylene chain having a carboxyl-containing side chain, (C)
a polymer having a structure derived from the residue of a

compound containing 1 to 30 carbon atoms and at least three
active hydrogen atoms by the binding thereto of at least one
oxyalkylene chain having a carboxyl-containing side chain and
(D) a polymer having a structure derived from the residue of
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contained in the residue derived from an active hydrogen-
containing compound. The polymer (C) and polymer (D) are the
same as the polymer (c) and polymer {(d) mentioned hereinabove.
The cement dispersing agent is not particularly
restricted so long as it is capable of dispersing cement
particles. For example, there may be mentioned known cement
dispersing agents and water reducing agents as well as
ligninsulfonic acid, and polycarboxylic acid type, naphthalene
type, melamine type and aminosul fonic acid type water reducing
agents. These may be used singly or two or more of them may
be used combinedly. The ability of the cement additive to
disperse particles in hydraulic materials is improved by
incorporating such a cement dispersing agent, the hydraulic
nmaterials become excellent in flowability, whereby the
workability is markedly improved, and the strength, durability
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109% & () - 8 The addltlon amount of the shrinkage reducing agent for

hydraulic materials is larger than the above weight ratio, the
water reducing ability of the air entraining and high-range
water reducing agent may be impaired. More preferredis aratio
between 1/100 to 50/1, still more preferably 1/100 to 25/1.
The mode of addition of the additive composition for

hydraulic materials according to the invention to hydraulic
the
shrinkage reducing agent for hydraulic materials and the cement
followed by

addition of the mixture to hydraulicmaterials, or the shrinkage

materials is not particularly restricted. For example,

dispersing agent may be mixed up beforehand,

reducing agent for hydraulic materials and the cement
dispersing agent may be prepared separately and respectively
added to hydraulic materials. The same can be said about any
other combination mentioned herein.

The additive composition for hydraulic materials may
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copolymers and quaternized derivatives thereof; etc.;

{2) Macromolecule emulsions: copolymers of various vinyl
monomers such as alkyl (meth})acrylates, etc.;

(3) Retarders: hydroxy carboxylic acids and salts thereof
such as gluconic acid, glucoheptonic acid, arabonic acid, malic
acid and citric acid as well as such inorganic or organic salts
thereof as sodium, potassium, calcium, magnesium, ammonium and
triethanolamine salts; saccharides, for example
monosaccharides and oligosaccharides (disaccharides,
trisaccharides, etc.) such as glucose, fructose, galactose,
saccharose, xylose, apiose, ribose, and invert sugar,
oligosaccharides such as dextrin, polysaccharides such as
dextran, and molasses comprising them; sugar alcohols such as
sorbitol; magnesium silicofluoride; phosphoric acid and salts

thereof or boric acid esters; amino-carboxylic acids and salts
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atty acid base antlfoamlng agents olelc ac1d, stearic
acid, alkylene oxide-adducts thereof, etc.:
(8) Fatty acid ester base antifoaming agents: glycerol
monolicinoleate, alkenylsuccinic acid derivatives, sorbitol
monolaurate, sorbitol trioleate, natural wax, etc.:;
(9) Oxyalkylene base antifoaming agents: polyoxyalkylenes
such as (poly)oxyethylene-(poly)oxypropylene adducts;
(poly)oxyalkyl ethers such as diethylene glycol heptyl ether,
polyoxyethylene oleyl ether, polyoxypropylene butyl ether,
polyoxyethylene-polyoxypropylene 2-ethylhexyl ether and
oxyethylene-oxypropylene adducts of C,_,, higher alcohols;
(poly)oxyalkylene (alkyl)aryl ethers such as polyoxypropylene
phenyl ether and polyoxyethylene nonylphenyl ether; acetylene
ethers such as alkylene oxide adducts derived from 2,4,7,9-
tetramethyl-5-decyne-4, 7-diol, 2,5-dimethyl-3~hexyne-2,5-
diol, 3-methyl-1-butyn-3-0l and like acetylene alcohols;
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(12) Phosphate ester base antifoaming agents: tributyl
phosphate, sodium octylphosphate, etc.:

(13) Metal soap base antifoaming agents: aluminum stearate,
calcium oleate, etc.;

(14) Silicone base antifoaming agents: dimethylsilicone oils,
silicone pastes, silicone emulsions, organic group-modified
polysiloxanes (polyorganosiloxanes such as
dimethylpolysiloxane), fluorosilicone oils, etc.;

(15) AE (air entraining) agents: resin soaps, saturated or
unsaturated fatty acids, sodium hydroxystearate, lauryl
sulfates, ABS {(alkylbenzenesulfonic acids or salts thereof},
LAS (linear alkylbenzenesulfonic acids), alkanesulfonates,
polyoxyethylene alkyl{(phenyl) ethers, polyoxyethylene

alkyl (phenyl) ether sulfate esters or salts thereof,
polyoxythylene alkyl (phenyl) ether phosphate esters or salts
thereof, proteinaceous materials, alkenylsulfosuccinic acids,
a-olefinsulfonates, etc.;

{16) Other surfactants: polyalkylene oxide derivatives
produced by additionof at least 10 moles of at least one alkylene
oxide, such as ethylene oxide and propylene oxide, to a Cg¢.y

aliphatic monohydric alcohol such as octadecyl! alcohol and
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10%& () -, ghi jﬂ%ltlgngéénOilS, silicones, paraffins, asphalt, waxes, etc.;
({18) Rust inhibitors: nitrites, phosphates, zinc oxide, etc.:
(19) Crack-reducing agents: polyoxyalkyl ethers; alkanediols
such as 2-methyl-2,4-pentanediol; etc.;
(20) Expansive additives: ettringite-based ones, coal-based
ones, etc.

As other known cement additives, there may be mentioned
cement wetting agents, thickeners, separation reducing agents,
flocculants, known agents for reducing drying shrinkage,
strength increasing agents, self-leveling agents, rust
inhibitors, colorants, fungicides, blast furnace slag, fly ash,
cinder ash, clinkeriash, husk ash, silica fume, silica powders,
gypsum and the like. These known cement additives may be used
singly or two or more of them may be used combinedly.

The additive composition for hydraulic materials
according to the invention can be widely applied in so-far known
concrete works, for instance. Such works are not particularly
restricted but include, among others, high strength concrete
works, very high strength concrete works, high flowing concrete
works and flowing concrete works. The mode of use is not
particularly restricted. For example, the composition may be
used as it is in the form of a solid or powder, for instance,

or in the form of aqueous solution or aqueous dispersion mixing
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others. These may be used singly or two or more of them may
be used combinedly. Among them, ordinary portland cement is
generally and commonly used and suited for use.

The shrinkage reducing agent for hydraulic materials or
the additive composition for hydraulic materials of the present
invention is used preferably in an amount of 0.0001 to 10% by
weight relative to the hydraulic material on the solid matter
basis, for instance. When the amount is less than 0.0001% by
weight, the shrinkage reducing ability may possibly be slight.
When it exceeds 10% by weight, hydraulic materials may possibly
undergo curing retardation. The addition amount is more
preferably 0.001 to 7% by weight, still more preferably 0.005
to 5% by weight, most preferably 0.01 to 3% by weight.

The shrinkage reducing agent for hydraulic materials or
the additive composition for hydraulic materials of the present
invention can advantageously be incorporated in cement
compositions among hydraulic materials. Usable as such cement
compositions are those conventional ones, without any
particular restriction. Thus, there may be mentioned
cement-water pastes (cement water slurries) comprising cement
and water; mortar comprising cement, water and sand; and

concrete comprising cement, water, sand and stone, among
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cement compositions is not particularly restricted. For
example, the shrinkage reducing agent for hydraulic materials,
which is an essential constituent of the cement additive, is
preferably used in an amount of 0.0001 to 10% by weight relative
to cement on the solid matter basis. When the amount is less
than 0.0001% by weight, the shrinkage reducing ability is not
sufficiently effected. When it exceeds 10% by weight,
hydraulic materials may possibly undergo curing retardation.
The addition amount is more preferably 0.001 to 7% by weight,
still more preferably 0.005 to 5% by weight, most preferably
0.01 to 3% by weight.

The proportion of water in the above cement compositions
is not particularly restricted but preferably is 10 to 80% by
welght relative to cement. When the amount of water is less
than 10% by weight, the respective ingredients are mixed only
to an insufficient extent, so that the compositions cannot be
molded in some instances or the strength may decrease in other
cases. When it is larger than 80% by weight, the strength of
cured products obtained from the cement compositions may
possibly decrease. The amount of water is more preferably 15
to 75% by weight, still more preferably 20 to 70% by weight,
nost preferably 25 to 65% by weight.



109& () -
109& () -
109& () -

10% ()

109%& () -

,n 109%&' ()-,n 109 ()-,n 10%& ()-,n 10%& ()-,n 10%& 2B)Mang@&n n
, N 109%&' ()-,n 109%& ()-,n 109 ()-, rz 3 ggK/'nn 109%& ()-,,

,,n 10%& ()-,n 10%& ()-,n 10%& ()-,n 10%& ()-,n 10%& ()-, H(gK/n
rz 3 gn 10%& ()-,n 10%& ()-,n 109%& ()-,tX<n 10% 10%&' ()-,

,n 10%& ()-,n 10%& ()-,n 10%& ()zs n 10%& ()-,n 10%& ()-,pT<n 10%

109 (n 109%& ()-,n 109 ()-,n 109 ()-,n 109%& ()-,n 109%& () -

109%& () -

109%& () -

,hLOT<n 109%& ()-,n 109%& ()-,&n 109%& ()-,&n 10%& ()- & rz 3 gt X<n

LtX

10n 10% ()-,n 10%hh- tHe Ja%d&e(&eméhtlgﬂfgéhtidhslg‘%@ wded Nnl OH& {Jrmw N

10% n 10%& (3* “ﬁ’rféf/ 2»{ ) f&%&' ES} O

728, 75S%e o e, }HC%ré%%e?f

gK+n 109&' () -im thevgengnt wor@ugitions nsmp/ae(a)ny m:flotmse)so fatr09@ed )in, n

109& () -
109& () -
109& () -

109%& () -

109& () -
109& () -
109& () -
109& () -
109& () -
109& () -
109& () -
109& () -
109& () -
109& () -

h'—gg'!égﬂleh@:%@né% cEndDV e be}gti&g@s (v)rbt*)ourt)z aﬁygB%Lle/é;a](a)f tX<n 10n
n /R, n 0 /R, [0)
| " t*)%cl’;ﬂ,og %Qfo(%n(t)lonﬁn 3)0}3/%‘111('1%1 % % )J[ ﬁ)f(r}atfural

,$%&' fiyrereXgrenates@syoh as rOYEr(Jand, 10%R'SEnd, and 10D’ (dnd n

1P dukedn £200& ddks by th8lgbderrd l&@&r@) a Pt 1PP& {1 -£ife
rn 109’ 234589hH, t X<n

n 1058" (-"")"“tﬁs B%gL ‘%‘Qd r?ﬁﬁ%%‘@‘g S%C]*B (")§>‘9§cﬁ $ 109& () -
.n 1d%gh(t)«31gh;(ﬁy&e@gqq¢g§@%&, (@nd, tﬁhe_]_@%&e() -Thg addition amount
Eg‘d'\%]?\lbaﬂdﬁﬁ% ilg«%;ghé)samrg %L?) ég&bﬂ&q{@u(o)nal”cé&(& é&mpcﬂsltmns,
' IOORTPRT. A OB (ISP g F PR B Mgt 1 9 oRE erouR® 196 () -
, N 1&NE) - tpol 0v@y (De thel GaBe (s, ki qgranvdHtkeonal og@nent n
, N 1Q:°5&p())51t'ﬂoﬁg%gtt(ére _ilsZ nd PLEVYWYEZL! X3 1000 QY& ThE- £ne
N 10;6%r(egate il'sarqlgé)( )ratlo, for instance, is preferably 20 to 60%
by weight. When it is less than 20% by weight, a rough concrete
is obtained and, with concrete showing a large slump, the coarse
aggregate and mortar fractions may tend to separate from each
other. When it exceeds 60% by weight, higher unit cement
content and unit water content are required, possibly giving
concrete poor in flowability. The ratio is preferably 30 to
50% by weight.

Another or other materials may be incorporated in the
above cement compositions, when necessary. The other
materials are not particularly restricted but include the same
ones as used in conventional cement compositions, for example
silica fume, blast furnace slag, silica powders, and fibrous
materials such as steel fibers and glass fibers. The addition
amounts of these materials are not particularly restricted but
may be the same as those in conventional cement compositions.

The method of preparing the cement compositions is not
particularly restricted. Mention may be made, for instance,
of the same method as in preparing conventional cement
compositions which comprises, for example, adding the cement
additive or an aqueous dispersion or solution thereof to a mixer
on the occasion of blending cement and water together, if
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The above cement compositions give cured products
excellent in strength and durability, among others, and
therefore can give improved safety to the structures made
therefrom or can reduce the cost of repairing. Therefore, they
can be used widely and advantageously in various fields, such
as civil engineering and architectural structures. Such
cement compositions, too, constitute a preferred mode of

embodiment of the present invention.

The shrinkage reducing agent for hydraulic materials
according to the invention, which has the above constitution,
when applied to hydraulic materials such cement paste, mortar,
concrete and like cement compositions, can improve the strength
and durability of cured products by sufficiently preventing the
progress of shrinkage of the cured products upon drying and
thereby producing a better cracking preventing effect while the
addition amount to hydraulic materials can be suppressed and
the cost of production of hydraulic materials can thus be
reduced. Thus, it can improve the safety of civil engineering
and architectural structures and suppress the cost of repairing

thereof, hence is high in general versatility.
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{(Hydroxyl value determination)

The hydroxyl value, which is the number of milligrams of
potassium hydroxide corresponding to the amount of the hydroxyl
group contained in 1 g of the sample, was determined in the
following manner.

(1) A phthalating reagent is prepared by adding 200 g of
pyridine to 35 gof phthalic anhydride and effecting dissolution
of the latter.

(2) BAbout 1 g of the sample is accurately weighed in a Teflon
vessel and 10 ml of the phthalating reagent is added.
Separately, 10 ml of the phthalating reagent alone is added to
a Teflon vessel for use as a blank.

{3) The above vessel is placed on a hot plate heated at 120 °C
and allowed to stand for about 1 hour with occasional stirring
to thereby phthalate the hydroxyl group in the sample.

(4) After cooling, titration is carriedout using 0.5 N aqueous
potassium hydroxide and the hydroxyl value is calculated from
the difference in acid number between the sample and blank.
Hiranuma Sangyo's automatic titrator COMTITE-550 (trademark)

was used for the titration.
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Precolumn: KF800D (trademark, product of Shodex}, one column;
Column: KF800L (trademark, product of Shodex), three columns
connected in series;
Column temperature: 40°C (adjusted by means of a column oven) ;
Mobile phase: Chloroform (for high performance liquid
chromatography, product of Wako Pure Chemical Industries);
Flow rate: 1.0 ml/min;
Test sample: The sample was diluted with the mobile phase to
0.5% on the solid matter basis and the dilution was filtered
through a 0.45-micron filter, ChromatoDisk 13 N (trademark,
product of GL Science}:
Injection size: 100 pul;
Detector: RI Shodex SE-61 differential refractive index
detector (trademark, product of Shodex):;
Standard samples for working curve construction: Standard
polyethylene glycol samples,
Mp = 960, 1470, 4250 and 12600 (trademarks, product of GL
Science),
Mp =21000, 45000, 85000, 160000 (trademarks, product of Tosoh) .

{Outline of working curve construction)
A cubic curve is constructed by plotting the peak top
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15 added until a pH of not higher than 2.0 is obtained.

(3) 0.1 N aqueous sodium hydroxide (reagent for titration) is
added dropwise, and the amount of acid is determined from the
difference between the first and second inflection points.
Hiranuma Sangyo's automatic titrator COMTITE-550 (trademark)
was used.

First, additives were prepared in the following manner.

Production Example 1

A glass reactor equipped with a thermometer, a stirrer,
a nitrogen inlet tube and a reflux condenser was charged with
120.0 parts of Softanol 30 (trademark, product of Nippon
Shokubai; C,,.,, secondary alcohol-ethylene oxide (EO) (3 moles

t X<

sC
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of sodium hydroxide (30% solution) were added to 30.6 parts of
the graft polymer 1 to give an aqueous solution of the sodium
salt of graft polymer 1. This additive is referred to as
"additive 1".

The additive 1 obtained had a pH of 8.3 and a solid content
of 9.1% and occurred as a pale yellow turbid solution. Upon
standing at room temperature, a white insoluble matter
separated and rose to the surface. Therefore, prior to use,
this additive was shaken thoroughly until it became
homogeneous.

Production Example 2
A stainless steel pressure reactor equipped with a

thermometer, a stirrer, a nitrogen inlét tube and a pressure
gage was charged with 601.0 parts of isopropyl alcohol {product
of Wako Pure Chemical Industries; moisture content 0.04%) and
0.4 part of sodium hydroxide. The pressure reactor inside was
ourged with nitrogen with stirring, and the pressure reactor
inside was heated to 100 + 5°C. Then, 1,321.5 parts of ethylene
>xide was 1ntroduced into the reactor at a temperature of 100
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oxide was introduced 1nto the reactor at a temperature of 120
+ 10 C and a safety pressure of 2.9 x 10" to 7.8 x 10! MPa.
After maturation, the volatile matter was removed to give an
intermediate (intermediate b), namely an isopropyl alcohol-
ethylene oxide-propylene oxide adduct.
The number of moles of propylene oxide added in

intermediate b was calculated at 3.3 based on the material
Thus,

resulting from blockwise addition of 4.2 moles (on average) of

balance. the intermediate b was regarded as a product
ethylene oxide and 3.3 moles (on average) of propylene oxide
to isopropyl alcohol (containing 3 carbon atoms).

A glass reactor equipped with a thermometer, a stirrer,
a nitrogen inlet tube and a reflux condenser was charged with
120.0 parts of the intermediate b and 15.6 parts of maleic acid,
and the charge was heated to 125 + 5°C in a nitrogen atmosphere
Then,

14.4 parts of acrylic acid and 3.0

for melting and mixing up. while maintaining the
temperature at 125 £+ § C,
parts of tert-butylperoxy isopropyl carbonate (trademark
Perbutyl I,
added dropwise continuously over 1 hour.

+ 5 °C for 1 hour,

product of Nippon 0il and Fat) were individually
Thereafter, stirring

was continued at 125 to give a graft polymer
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trade rk product of Taiheiyo Cement) comprising lower

alcohol-derived alkylene oxide adducts had a water content of
14.6% as measured by a moisture meter. Therefore, it was
dehydrated under reduced pressure and warming using an
evaporator (50 °C, not higher than 1.3 x 107 MPa) and further
dehydrated thoroughly in a vacuum drier (50 °C, not higher than
6.7 x 107 MPa) to give dehydrated Tetragurad AS21 (moisture
content 0.4%). The dehydrated Tetragurad AS21 thus obtained
had a hydroxyl value of 181.7 mg/g. Based on this result, the
average molecular weight of Tetraqurad AS21 was calculated at
309. The molecular weight distribution (Mw/Mn) of Tetragurad
AS21 was measured and found to be 1.13.

A glass reactor equipped with a thermometer, a stirrer,
a nitrogen inlet tube and a reflux condenser was charged with
B0.0 parts of the dehydrated Tetragurad AS21 {(trademark,
oroduct of Taiheiyo Cement) and 10.4 parts of maleic acid, and
the charge was heated to 110 C in a nitrogen atmosphere for
relting and blending. Then, while maintaining the temperature

at 100 + 10 °C, 9.2 parts of acrylic acid and 2.0 parts of

, C
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temperature (about 20 C).

Comparative Example 1

No shrinkage reducing agent was added.

Comparative Examples 2 and 3
The dehydrated Tetraguard AS21 (trademark, product of
Taiheiyo Cement) obtained in Production Example 3 was used for

comparison (comparative additive 1).

Comparative Example 4
Diethylene glycol-dipropylene glycol monobutyl ether
(GE-42-2P, (trademark), product of Nisso Maruzen Chemical} was

used for comparison (comparative additive 2).

Comparative Examples 5 and 6
The same agent Softanol 30 (trademark, product of Nippon
Shokubai) as used in Production Example 1 was used for

comparison (comparative additive 3).
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The mortar obtained was immediately filled into a
stainless steel hollow cylinder with an inside diameter of 53.5
mm and a height of 50 mm as placed on a horizontal table to the
top level of the cylinder, this cylinder was gently lifted up,
and the major axis and minor axis of the mortar spread over the
table were measured with vernier calipers. The mean value
thereof was reported as the mortar flow value. When the amount
of air entrained is large, flow and shrinkage values are
apparently exaggerated and therefore the amount of air
entrained should be constant. Thus, an appropriate amount of
3 defoaming agent (of oxyalkylene type) was used.
The amount of air was calculated based on the mortar

volume and weight and the ratio of the materials used. The

results obtained are shown in Table 1.

(Preparation of test pieces)
Test pieces (4 x 4 x 16 cm) were prepared according to

JIS A 1129. Frameworks were coated with a silicone grease in
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and, immediately, the length of the test piece was measured and
this time point was taken as time zero. The test piece was then
stored in a constant temperature, constant humidity chamber
maintained at a temperature of 20 C and a humidity of 60% and
subjected to length measurement at timed intervals. The

thus-obtained results of length change measurements are shown

in Table 1.
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suggests that the structure in question will be prevented from
cracking due to shrinkage.

In the following, referring to the results obtained on
day 28 as shown in Table 1, the contents of Table 1 are explained.

In Comparative Example 1, the test piece made without
adding any additive for shrinkage reduction and initially
having a length of 16 cm shrinked by 159 gm. In Comparative
Example 2, the addition of 1% of a commercially available
shrinkage reducing agent (Tetraguard AS21 (trademark), product
of Taiheiyo Cement) suppressed the shrinkage to 130 gm and,
in Comparative Example 3, the addition of 2% of the same agent
suppressed the shrinkage to 122 gm. When compared with
Comparative Example 1, the reduction in shrinkage was 29
pgm at the addition amount of 1% and it was 37 ¢m at the addition
amount of 2%. With the increase in addition amount, the
shrinkage reducing effect thus increased.

The same applied to Comparative Examples 7 and 8. When
compared with Comparative Example 1, the reduction in shrinkage

was 18 pm at the addition amount of 1% and it was 38 um at the
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shrinkage was reduced as compared with Comparative Example 1
(no addition). Further, while the reduction in shrinkage was
38 ym in Comparative Example 8 in which the starting material
intermediate b was used at a level of 2% (on cement basis), the
shrinkage was reduced by 42 ym in Example 3 in which the addition
amount was 1% (on cement basis). Thus, it can be seen that the
additives of the invention can produce, at half the addition
amount, the same shrinkage reducing effect as those produced

by the starting materials.

Example 4

Using the additives 3 obtained in Production Example 3
prepared in the above manner, mortar mixes were kneaded, and
test pieces prepared and evaluated for shrinkage reducing
ability (cracking preventing ability) by measuring changes in
length. The results are shown in Table 2.

Comparative Example 9
No shrinkage reducing agent was added.
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mixing up. Then, while maintaining the temperature at 125 %

m

5%C, 21.7parts of acrylicacidand 4.9 parts of tert-butylperoxy
isopropyl carbonate (trademark Perbutyl I, product of Nippon
0Oil and Fat) were individually added dropwise continuously over
1 hour. Thereafter, stirring was continued at 125 t 5 C for
1 hour, to give a graft polymer (graft polymer 4).

Water (71.4 parts) and 2.9 parts of an aqueous solution
of sodium hydroxide (30% aqueous solution) were added to 6.6
parts of the graft polymer 4 to give an aqueous solution of the
sodium salt of graft polymer 4. This is referred to as "additive
v,

The additive 4 obtained had a pH of 7.0 and a solid content
of 8.5% and occurred as a pale yellow turbid solution. Upon
standing at room temperature, a white insoluble matter
separated and rose to the surface. Therefore, prior to use,
this additive was shaken thoroughly until it became

homogeneous.
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10% ()-, P 15kubpi; ©,L0%RdondarP d09@Iql)-ethPlene@xide, (RFOL0V@ioles,
on avarage) adducts) and 15.5 parts of maleic acid, and the
charge was heated to 125 + 5 °C in a nitrogen atmosphere for
melting and mixing up. Then, while maintaining the temperature
at 125 + 5 °C, 14.5 parts of acrylic acid and 3.3 parts of
tert-butylperoxy isopropyl carbonate (trademark Perbutyl I,
product of Nippon 0il and Fat) were individually added dropwise
continuously over 1 hour. Thereafter, stirring was continued
at 125+ SC for 1 hour, to give a graft polymer (graft polymer
5).

Water (108.1 parts) and 3.9 parts of an aqueous solution
of sodium hydroxide (30% aqueous solution) were added to 12.7
parts of the graft polymer 5 to give an aqueous solution of the
sodium salt of graft polymer S. This is referred to as "additive
5".
The additive 5 obtained occurred as a pale yellow

transparent solution having a pH of 7.0 and a solid content of
10.4%. It did not separate for at least 1 month at room

temperature.

Example 5 and Example 6

Using the additives obtained in the above manner, mortar
kneading was performed and test pieces were prepared by the
methods mentioned above and the specimens were evaluated for
shrinkage reducing ability (cracking preventing ability) by
measuring the changes in length. The results are shown in Table
3.

Comparative Example 11
No shrinkage reducing agent was added.
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Comparative Example 13

Softanol 70H (trademark, product of Nippon Shokubai) was

used for comparison (comparative additive 5).

Comparative Example 14

The dehydration product derived from Tetraguard AS21
(trademark, product of Taiheiyo Cement) as obtained in
Production Example 3 was used for comparison (comparative
additive 1).

The results obtained in Comparative Examples 11 to 14 are
shown in Table 3.
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of Nippon Shokubai) used inComparative Example 13. InExamples
5 and 6, the shrinkage was reduced as compared with Comparative
Example 11 (no addition) or Comparative Example 14 in which a
commercial shrinkage reducing agent (comparative additive 1)
was used and, further, the results obtained indicate that the
additives 4 and 5, even when used at an addition amount of not
more than half as compared with Comparative Examples 12 and 13
in which the starting materials Softanol 30 and Softanol 70H
were used, respectively, show a higher shrinkage reducing

effect than the effects obtained by using the startingmaterials

as shrinkage reducing agents.

Production Example 6

A glass reactor equipped with a thermometer, a stirrer,
a nitrogen inlet tube and a reflux condenser was charged with
320.0 parts of Softanol EP90150 (trademark, product of Nippon
Shokubai; C,,.,, secondary alcohol~EO (9 moles)-propylene oxide
(PO; 15 moles) adducts) and 41.3 parts of maleic acid, and the
charge was heated to 125 # 5 C in a nitrogen atmosphere for
melting andmixingup. Then, whilemaintaining the temperature
at 125 + 5 °C, 38.7 parts of acrylic acid and 8.8 parts of
tert-butylperoxy isopropyl carbonate (trademark Perbutyl I,
product of Nippon Oil and Fat) were individually added dropwise
continuously over 1 hour. Thereafter, stirring was continued
at 125 + SC for 1 hour, to give a graft polymer (graft polymer
6).

Water (90.3 parts) and 4.8 parts of an aqueous solution
of sodium hydroxide (30% aqueous solution) were added to 16.0
parts of the graft polymer 6 to give an aqueous solution of the
sodium salt of graft polymer 6. This is referred to as "additive
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homogeneous.

Production Example 7

A glass reactor equipped with a thermometer, a stirrer,
a nitrogen inlet tube and a reflux condenser was charged with
141.0 parts of Softanol EP90150 (trademark, product of Nippon
Shokubai) and 4.7 parts of maleic acid, and the charge was heated
to 125 £+ 5 °C in a nitrogen atmosphere for melting and mixing
up. Then, while maintaining the temperature at 125+ 5°C, 4.3
parts of acrylic acidand 1.0 part of tert-butylperoxy isopropyl
carbonate (trademark Perbutyl I, product of Nippon 0il and Fat)
were individually added dropwise continuously over 1 hour.
Thereafter, stirring was continued at 125 + 5 C for 1 hour,
to give a graft polymer (graft polymer 7).

Water (82.4 parts) and 1.9 parts of an aqueous solution
of sodium hydroxide (30% aqueous solution) were added to 44.9
parts of the graft polymer 7 to give an aqueous solution of the
sodium salt of graft polymer 7. This is referred to as "additive
.

The additive 7 obtained occurred as a pale yellow turbid
solution having a pH of 7.1 and a solid content of 32.9%. Upon
standing at room temperature, a white insoluble matter
separated and rose to the surface. Therefore, prior to use,
this additive was shaken thoroughly until it became

homogeneous.

Production Example 8
A glass reactor equipped with a thermometer, a stirrer,

a nitrogen inlet tube and a reflux condenser was charged with
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yLT\]"_"abct X53ts of acrylic acid and 3.3 parts of tert-butylperoxy
isopropyl carbonate (trademark Perbutyl I, product of Nippon
0il and Fat) were individually added dropwise continuously over
1 hour. Thereafter, stirring was continued at 125 t 5 °C for
1 hour, to give a graft polymer (graft polymer 8).

Water (51.2 parts) and 6.4 parts of an aqueous solution
of sodium hydroxide (30% aqueous solution) were added to 25.1
parts of the graft polymer 8 to give an aqueous solution of the
sodium salt of graft polymer 8. This is referred to as "additive
8".

The additive 8 obtained occurred as a pale yellow turbid
solution having a pH of 7.3 and a solid content of 31.0%. Upon
standing at room temperature, a white insoluble matter
separated and rose to the surface. Therefore, prior to use,
this additive was shaken thoroughly until it became
homogeneous.

Example 7, Example 8 and Example 9

Using the additives obtained in the above manner, mortar
kneading was performed and test pieces were prepared by the
mnethods mentioned above and the specimens were evaluated for
shrinkage reducing ability (cracking preventing ability) by
measuring the changes in length. The results are shown in Table
4.

Comparative Example 15
No shrinkage reducing agent was added.

Comparative Example 16
Softanol EP95150 {trademark, product of Nippon Shokubai)
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Comparative Example 18

The dehydration product derived from Tetraguard AS21
(trademark, product of Taiheiyo Cement) as obtained in
Production Example 3 was used for comparison (comparative
additive 1).

The results obtained in Comparative Examples 15 to 18 are

shown in Table 4.
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Example 17. In Examples 7 to 9, the shrinkage was reduced as
compared with Comparative Example 15 (no addition) or
Comparative Example 18 in which a commercial shrinkage reducing
agent (comparative additive 1) was used and, further, the
results obtained indicate that the additives 6 and 7, even when
used at an addition amount of not more than half as compared
with Comparative Examples 16 and 17 in which the starting
materials Softanol EP95150 and Softanol EP7085 were used,
respectively, show a higher shrinkage reducing effect than the
effects obtained by using the starting materials as shrinkage

reducing agents.

Production Example 9

A stainless steel pressure reactor equipped with a
thermometer, a stirrer, a nitrogen inlet tube and a pressure
gage was charged with 177.3 parts of 1,6-hexanediocl (product
of Wako Pure Chemical Industries) and 0.3 part‘of sodium
hydroxide. The pressure reactor inside was purged with
nitrogen with stirring, and the pressure reactor inside was
heated to 100 £+ S °C. Then, 493.5 parts of ethylene oxide was
introduced into the reactor at a temperature of 115 +t 7 °C and
asafetypreséureofz.ox 10'to7.0x 10" MPa. Aftermaturation,
the volatile matter was removed to give an intermediate
{intermediate c), namely a 1, 6-hexanediol-ethylene oxide
adduct.

The molecular weight of intermediate c was determined
based on its hydroxyl value and found to be 444.1. Thus, the
average number of moles of ethylene oxide added to 1, 6-

hexanediol was calculated at 7.4.
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temperature at 125 + S °C, 14.5 parts of acrylic acid and 2.5
parts of di—-tert-butyl peroxide (trademark Perbutyl D, product
of Nippon 0il and Fat) were individually added dropwise
continuously over 1 hour. Thereafter, stirring was continued
at 125 + 5C for 1 hour, to give a graft polymer (graft polymer
9) .

Addition of 68.2 parts of water and 8.7 parts of an aqueous
solution of sodium hydroxide (30% aqueous solution) to 34.7
parts of the graft polymer 9 gave an aqueous solution of the
sodium salt of graft polymer 9. This is referred to as "additive
g".

The additive 9 obtained occurred as a pale yellow
transparent solution with a pH of 7.1 and a solid content of
32.1%. It did not separate for at least 1 month at room

temperature.

Production Example 10

A stainless steel pressure reactor equipped with a
thermometer, a stirrer, a nitrogen inlet tube and a pressure
gage was charged with 92.1 parts of glycerol (product of Wako
Pure Chemical Industries) and 0.1 part of sodiumhydroxide. The
pressure reactor inside was purged with nitrogen with stirring,
and the pressure reactor inside was heated to 100 + 5°C. Then,
264.6 parts of ethylene oxide was introduced into the reactor
at a safety pressure of 3.4x 10" to 7.0 x 10 MPa and at a
temperature of 112.5 * 7.5 C for the initial 50 minutes and
thereafter at 145+ 10°C. After maturation, the volatilematter
was removed to give an intermediate (intermediate d), namely
a glycerol-ethylene oxide adduct.

The molecular weight of intermediate d was determined
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, P ﬁ%(ﬁgflo(gérts of the intermediate d and 15.5 parts of maleic acid,
and the charge was heated to 125 + 5°C in a nitrogen atmosphere
for melting and mixing up. Then, while maintaining the
temperature at 125 + 5 °C, 14.5 parts of acrylic acid and 3.3
parts of tert-butylperoxy isopropyl carbonate {(trademark
Perbutyl I, product of Nippon 0il and Fat) were individually
added dropwise continuously over 1 hour. Thereafter, stirring
was continued at 125 + 5 C for 1 hour, to give a graft polymer
(graft polymer 10).

Addition of 69.2 parts of water and 6.6 parts of an aqueous
solution of sodium hydroxide (30% aqueous solution) to 30.4
parts of the graft polymer 10 gave an aqueous solution of the
sodium salt of graft polymer 10. This is referred to as
"additive 10".

The additive 10 obtained occurred as a yellowish brown
transparent solution with a pH of 6.9 and a solid content of
29.2%. It did not separate for at least 1 month at room

temperature.

Production Example 11

A glass reactor equipped with a thermometer, a stirrer,
a2 nitrogen inlet tube and a reflux condenser was charged with
129.0 parts of Jeffamine M-2005 (trademark, product of San
Fechno Chemical; amine-terminated polyether, average
wolecular weight 2,000, EO/PO = 5/29 (mole ratio)) and 10.9
c>arts of maleic acid, and the charge was heated to 125 + 5 °C
in a nitrogen atmosphere for melting andmixing up. Then, while
naintaining the temperature at 125+ 5S°C, 10.1 parts of acrylic
icid and 1.8 parts of di-tert-butyl peroxide (trademark
erbutyl D, product of Nippon 0il and Fat) were individually

TTUT TT
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51.6 parts of the graft polymer 11 gave an aqueous solution of
the sodium salt of graft polymer 11. This is referred to as
"additive 11".

The additive 11 obtained occurred as a yellowish brown
turbid solution with a pH of 7.2 and a solid content of 34.1%.
Upon standing at room temperature, a white insoluble matter
separated and rose to the surface. Therefore, prior to use,
this additive was shaken thoroughly until it became

homogeneocus.

Examples 10 to 12

Using the additives obtained in the above manner, mortar
kneading was performed and test pieces were prepared by the
methods mentioned above and the specimens were evaluated for
shrinkage reducing ability (cracking preventing ability) by
measuring the changes in length. The results are shown in Table
5.

Comparative Example 19
No shrinkage reducing agent was added.

Comparative Example 20
The intermediate ¢ obtained in Production Example 9 was

used for comparison (comparative additive 8).
Comparative Example 21
The intermediate d obtained in Production Example 10 was

used for comparison (comparative additive 9).

Comparative Example 22
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(trademark, product of Taiheiyo Cement) as obtained in
Production Example 3 was used for comparison (comparative
additive 1).

The results obtained in Comparative Examples 19 to 23 are
shown in Table 5.
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interme;iéteciusedixxComparative Example 21. 1In Example 12,
the additive 11 of the invention was used, which was synthesized
starting with Jeffamine M-2005 (trademark, product of San
Techno Chemical) used in Comparative Example 22. In Examples
10 to 12, the shrinkage was reduced as compared with Comparative
Example 19 {no addition) or Comparative Example 23 in which a
commercial shrinkage reducing agent (comparative additive 1)
was used and, further, the results obtained indicate that the
additives 9, 10 and 11, even when used at an addition amount
of not more than half as compared with Comparative Examples 20
to 22 in which the starting materials, namely the intermediate
c, intermediate d and Jeffamine M-2005 (trademark, product of
San Techno Chemical), were used, respectively, show a higher
shrinkage reducing effect than the effects obtained by using
the starting materials as shrinkage reducing agents.

(Simplified water reduction evaluation)

Ordinary portland cement (400 g, product of Taiheiyo
Cement) and 800 g of standard Toyoura sand were dry-mixed in
a Hobart type mortar mixer (model N-50 (trademark), product of
Hobart) for 30 seconds and, then, 240 g of an additive mixture
prepared by diluting the additives specified in Table 2, each
weighed as specified in Table 2, with water, followed by 3
minutes of kneading at an intermediate speed to give a mortar
sample.

The mortar obtained was immediately filled into a
stainless steel hollow cylinder with an inside diameter of 53.5
mm and a height of 50 mm as placed on a horizontal table to the
top level of the cylinder, this cylinder was gently lifted up,
and the major axis and minor axis of the mortar spread over the

table were measured with vernier calipers. The mean value

P
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{trademark)) or a defoaming agent was used.
The amount of air was calculated based on the mortar
volume and weight and the ratio of the materials used. The

results obtained are shown in Table 6.

Table 6

Ex. No. Additives used Addition | Flow |Air
amount’ value | content
(wt. %) (ram) {(vol. %)

Ex. 13 Additive 1 0.5 74 l6.8

Ex. 14 Additive 3 0.5 68 9.8

AE agent 0.1
Compar. |AE and high-range 0.12 110 9.7
Ex. 24 water reducing
agent

* The addition amounts are on the solid content basis relative
to cement.

The AE agent used was Vinsol (product of Yamaso Kagaku) .

Table 7 shows concrete mix proportions. The amount of
the air entraining and high-range water reducing agent required
to attain an equal slump value upon formulation change from the
admixture-free plain concrete (formulation 1) to'the

formulation with the unit water content being reduced by 18%

(formulation 2) was 0.12%. The fine aggregate used was Oi river

system land sand (specific gravity 2.60, fineness modulus
2.70),

(specific gravity 2.65, maximum size 20 mm) and the cement used

the coarse aggregate used was crushed Oume stoné

was Taiheiyo Cement's ordinary portland cement (specific

gravity 3.16).
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In Comparative Example 24, Aqualoc FC-900 was used as an
air entraining and high-range water reducing agent. in an amount
of 0.12% (relative to cement). For reducing the unit water
content in concrete by 18%, 0.12% (relative to cement) of
Aqualoc FC-900 was required. When this addition amount was
applied to the above-mentioned mortar, a flow value of 110 mm
and an air content of 11 + 2% by volume were attained and
homogeneous mortar was obtained.

In Example 13, the water reducing ability of the additive
1 was evaluated by the simplified mortar test. When the
additive 1 was used in an amount of 0.5% (relative to cement),
the flowwas only 74 mm and it was thus revealed that the addition
anmount required to attain 18% water reduction is not less than
0.5% or that the additive cannot attain 18% water reduction at
all.

In Example 14, the water reducing ability of the additive
3 was evaluated by the simplified mortar test. When the
additive 3 was used in an amount of 0.5% (relative to cement),
the flowwas only 68 mm and it was thus revealed that the addition
amount required to attain 18% water reduction is not less than
0.5% or that the additive cannot attain 18% water reduction at
all.

Based on these data, it was confirmed that the additives
of the present invention produce an excellent shrinkage
reducing effect but have no water reducing ability or, if they
have such ability, the ability will be slight.

-,
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which comprises at least one polymer selected from the group
consisting of

(a) a polymer having a structure derived from the residue
of a compound containing 2 to 30 carbon atoms and one active
hydrogen atom by the binding thereto of one oxyalkylene chain
having a carboxyl-containing side chain,

(b) a polymer having a structure derived from the residue
of a compound containing 4 to 30 carbon atoms and two active
hydrogen atoms by the binding thereto of at least one
oxyalkylene chain having a carboxyl-containing side chain,

(c) a polymer having a structure derived from the residue
of a compound containing 1 to 30 carbon atoms and at least three
active hydrogen atoms by the binding thereto of at least one
oxyalkylene chain having a carboxyl-containing side chain

and (d) a polymer having a structure derived from the
residue of an amine by the binding thereto of one oxyalkylene
chain having a carboxyl-containing side chain,

wherein said oxyalkylene chain having a carboxyl-
containing side chain has a repeating unit represented by the

general formula (1):
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1P and Z are the same or dif erent and ea represents a
hydrogen atom or a carboxyl-containing side chain, provided that
the carboxyl-containing side chain has a structure resulting
from polymerization of an ethylenically unsaturated monomer
component comprising an unsaturated carboxylic acid monomer,

said repeating unit comprising a repeating unit having a
carboxyl-containing side chain, and

wherein said ethylenically unsaturated monomer component
comprises an a,p-unsaturated dicarboxylic acid monomer and

(meth)acrylic acid.

2. A method of producing a shrinkage reducing agent for
hydraulic materials according to Claim 1,

which comprises a step of producing a polymer by graft
polymerization of an ethylenically unsaturated monomer component
onto a polyether compound,

said ethylenically unsaturated monomer component

comprising an unsaturated carboxylic acid monomer.

3. The method of producing a shrinkage reducing agent for
hydraulic materials according to Claim 2,

wherein the polyether compound comprises at least one
member selected from the group consisting of alkylene oxide
adducts of a compound containing 2 to 30 carbon atoms and one
active hydrogen atom, alkylene oxide adducts of a compound
containing 4 to 30 carbon atoms and two active hydrogen atoms,
alkylene oxide adducts of a compound containing 1 to 30 carbon
atoms and at least three active hydrogen atoms and alkylene

oxide adducts of an amine.

4. An additive composition for hydraulic materials

comprising a shrinkage reducing agent for hydraulic materials
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residue of a compound containing 1 to 30 carbon atoms and one

active hydrogen atom by the binding thereto of one oxyalkylene
chain having a carboxyl-containing side chain, (B) a polymer
having a structure derived from the residue of a compound
containing 1 to 30 carbon atoms and two active hydrogen atoms by
the binding thereto of at least one oxyalkylene chain having a
carboxyl-containing side chain, (C) a polymer having a structure

derived from the residue of a compound containing 1 to 30 carbon

atoms and at least three active hydrogen atoms by the binding
thereto of at least one oxyalkylene chain having a carboxyl-

containing side chain and (D) a polymer having a structure

derived from the residue of an amine by the binding thereto of

one oxyalkylene chain having a carboxyl-containing side chain,

wherein said oxyalkylene chain having a carboxyl-
containing side chain has a repeating unit represented by the

general formula (1):

( R! R? _‘
[ [

C C 0 (1)
PR

in which R!' and R? are the same or different and each

represents a hydrogen atom, a hydrocarbon group containing 1 to

18 carbon atoms or a carboxyl-containing side chain,

z! and 2z? are the same or different and each represents a

hydrogen atom or a carboxyl-containing side chain, provided that

the carboxyl-containing side chain has a structure resulting

from polymerization of an ethylenically unsaturated monomer

component comprising an unsaturated carboxylic acid monomer,
said repeating unit comprising a repeating unit having a

carboxyl-containing side chain, and
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5. A shrinkage reducing agent for hydraulic materials
which comprises at least one polymer selected from the group
consisting of

(a) a polymer having a structure derived from the residue
of a compound containing 2 to 30 carbon atoms and one active
hydrogen atom by the binding thereto of one oxyalkylene chain
having a carboxyl-containing side chain,

(b) a polymer having a structure derived from the residue
of a compound containing 4 to 30 carbon atoms and two active
hydrogen atoms by the binding thereto of at least one
oxyalkylene chain having a carboxyl-containing side chain,

{(c) a polymer having a structure derived from the residue
of a compound containing 1 to 30 carbon atoms and at least three
active hydrogen atoms by the binding thereto of at least one
oxyalkylene chain having a carboxyl-containing side chain

and (d) a polymer having a structure derived from the
residue of an amine by the binding thereto of one oxyalkylene
chain having a carboxyl-containing side chain,

is produced by using polyether as the starting material,
and satisfies that the addition amount required for attaining a
certain shrinkage reducing effect is not more than 60 percent of
the addition amount required when said polyether is used as the
shrinkage reducing agent, and that the addition amount required
for reducing the unit water content by 18% as compared with the
unit water content in plain mortar or plain concrete is not less

than 0.5% by weight relative to cement.

6. An additive composition for hydraulic materials
comprising a shrinkage reducing agent for hydraulic materials

and an air entraining and water reducing agent,
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