1 DESCRIPTION QUICK-SETTING ADMIXTURE AND SPRAYING METHOD USING IT TECHNICAL
FIELD The present invention relates to a quick-setting admixture for spraying or a spraying material
"to be used for exposed wall surfaces at slopes, pits, underground spaces or tunnels such as road
tunnels, railway tunnels io or channel tunnels, and a spraying method using it. BACKGROUND ART
Heretofore, methods of spraying a quick-setting concretge obtained by mixing a concrete with a powder
15 quick-setting admixture were employed to prevent break and fall of ground exposed in excavation
works of tunnels or the like (cf. Patent Documentkgad 2pT10M\S the quick-setting admixture for such
spraying methods, one having an alkali metal aluminate, an alkali 20 metal carbonate or the like
admixed with calcium aluminate was used, as it was excellent in the quick-setting property.
However, there has been an increasing demand for a quick-setting admixture having a pH-value lower
than that 25 of the q@EkSBmtTadMRu RN THERAN AN PRRAVANMiINEEHAR alkafiNfethT carbonate
or the like admixed with calcium aluminate, and being weakly alkaline to 2 acidic, preferably neutral or
weakly acidic. Further, as a tool to add the quick-setting admixture to concrete, it was common to
use a Y-tube; In sych¢a%8, ip-PEJeY to increase the mixing efficiency, s it was common to employ a
method wherein concrete was once disintegrated by means of compressed air and then the
quick-setting admixturerwaseldsenfs arresult.itba arequt &f cempsesper-ar e used for spraying
tended to increase, and the amount of dust formed tended to 10 increase sometimes. Accordingly, at
the time of spraymdnit xasneecessaypnadgiagone meagureydmgpravitrsuech dustbe uaesider to
solve such problems, as a liquid quick-setting admixture, one containing a basic aluminum salt is or an
organic carboxyli€ iR RREER NP BUFRIPateH DOERRRHt B idrfo comdrmsr amdnum sulfate

or an alkanolamine as the main comé) nent (Patent Document 4), or one cogtainin a basjc aqueous

solution of alumiriRf &R RhidnFemca ﬁ’thﬁﬁnﬁ ngf‘gl Sthe maft .@’%Xm 1(?’HBﬁlJSS(Paf[e.n.t
Document %Wa ltor s;é_qmglf, Eﬁ%%el s !—|0é(¥%/e£, \ﬁ%&%\%{gﬁ%ﬁg}%gj&@ggﬁd%ﬁure, the initial

strength was hardly obtainable, and as compared wi er quick-setting admixture,
there was a danger of falling when sprayed 25 thickly in a tunnel. In order to solve such problems, a
technique was developed to mix water to a quick-setting admixture 3 comprising calcium aluminate

and aluminum suHAEKIBROIMNI SRy, which was added to concrete (Patent Documents 6, 7 and 8).
Heretofore, methods of spraying a quick-setting
concrete obtained by mixing a concrete with a powder
15 quick-setting admixture were employed to prevent break
and fall of ground exposed in excavation works of tunnels
or the like (cf. Patent Document 1 and 2).
As the quick-setting admixture for such spraying
methods, one having an alkali metal aluminate, an alkali
20 metal carbonate or the like admixed with calcium
aluminate was used, as it was excellent in the quick-
setting property.
However, there has been an increasing demand for a
quick-setting admixture having a pH-value lower than that
25 of the quick-setting admixture having an alkali metal
aluminate, an alkali metal carbonate or the like admixed

with calcium aluminate, and being weakly alkaline to



This technique is to reduce a damage by alkali 5 reagents by a combined use of aluminum sulfate and
calcium aluminate. Further, it is a technique to attain a low dusting property by mixing the powder
“quick-setting admixture with water to form a slurry. Further, these patent documents describe about an
AE agent and a blowing io agent, but they are mentioned as substances to reduce the amount of dust
by adding them preliminarily to concrete, and there is ng mention about using a blowing agent in a
quick-setting admixture. As a tool to add such a slurry quick-setting is admixture to concrete, a Y-tube
or a showering rirg todadd aprediesethhg admdued incthewWeri by asshibddet into a concrete piping,
was, for example, used. In the case of the Y-tube, in order to improve the mixing property, a
technique was used to dfigetiedisidegratesicrée Bdhebing cled/ipréssediaigand then add the
quick-setting admixture, and as a result, the amount of compressed air used for spraying tended to
increase, and the® MBI UUSP SR BRGed T inkiEa EPIBIBLM8s UF50A the 51HRF hantfin a
case where the showgri g r%%e is used %h&erpi@%g pro eétg Oef th éc,lur{lr. xquick-g%tyggfldmixture and

concrete will be g%%a, whe S);/eI(')Wl cﬁjst Spraying wi be Soss?&e wi ou?lgequmng air for ’

disintegration. On; the,piBei-banhthe stresiieis compksated andbedfrequency of sglidification of the
slurry inside was more than the case of Y-tube, whereby 5 the showering tube was not practically
useful. Accordingly, iisprayiegiytadaby oihashewefingdupa;eskgidd guicksgedtinghagmixture is
mainly used, but the components of a liquid quick-setting admixture are only components to accelerate
a hydration reactihef d0icgmetdhtndo admiakux selfzsrind pechertpwheretssinby arslwared by

themselves to impart a quick-setting property. Thus, there was a_problem that it was inferior in the
quick-setting proﬁé?@}’é&c&ﬂpﬁ@ﬁﬂﬁﬁﬁ% A GuitR- et &8 bFre TFRYARY &R RIuminate.

15 As a liquid quigk-setting admixture having the quick-setti operty mqre improved than ever, one
having a fluorine g%rﬁ&??ﬁ&?ﬁéra?g totgﬁ%mafrr?l?%@ﬁlf% e Vﬁv%.g %e%veg%%% (%gﬁ? o%:ﬁments 9,10
and 11). Hoyyever, ferqractical applicatian, furberaQyimproyemept %@e%-%@ti%%gﬁﬁg;
improvement of the adhesive property at a spring water area, etc. have been desired. urther, a
technique for comiltining & liguie guickysetitng- athuixidireancka panelet quicksetting-admsixdire 25 has
also been published (Patent Documents 12 and 13). However, in a case where at the time of spraying,
a liquid quick-settthgsgdmixture and a powder quick-setting 5 admixture are mixed to form a slurry,
there has been a case where the slurry undergoes solidification in the same manner as the
above-mentioned slurry HRicREEng dFRtlre. ALeBrdFgY Lithss basn delitedt #tht e Skturry will
not solidify at the portjon of the quick-setting admixture-adding tool, and.that the replacin cle of such
a tool is long. I‘g&r rl?elr‘}% tggﬁnnlu}:]%él ofad |Ir118 acl?dqu%& ﬁﬁﬁ:ﬁgse?tirllogagé’r%ix?g;lémclolgﬁlf}lrissl%giéluminum
sulfate, a calglumaluninate. . waterdedyeing pgent and walek i CRIEAT CoRpIBtfcANtaiNing an
inorganic powder (Patent Document 14), a technique of adding a liquid quick-sétting admixture to
concrete employingsaeeett Dodtanemg calriunpaarhamate (Reatagt Rocmmanml Shentha éeehnique of is
incorporating calcium carbonate to a cement composition and using a liquid quick-setting admixture in
combination therewitre(PeaaatlRodureents 116ha 7embn] Sdmperisedn disicaad. Rowerenin tese
techniques due to alkali of the cement compaonent contained in a large amount, calcium 20 carbonate

will not be an acifi¢ aftRGspHErE 2and i §]uﬁ’9ﬁﬁ%k@§8{ﬁﬁg§1§dﬁﬁ3&ﬁr@@ﬂd§fo forH gt les, and they
are neither techniglrjl%s f&o. [grhevent solpi'f(i:c tign Do tﬁclhcqjﬁlﬁ?ns té)lcl)lbtzilil[;a Ié)wa%u%tmg %gggrty by
means of a showering ube. igpuﬁﬁer, With a mixture having a qwgl(-set ing
20 components (Patent Document 5) was, for example, used.
However, with this liquid quick-setting admixture,
the initial strength was hardly obtainable, and as
compared with a conventional powder quick-setting
admixture, there was a danger of falling when sprayed
25 thickly in a tunnel.

In order to solve such problems, a technique was

developed to mix water to a quick-setting admixture



admixture preliminarily incorporated to a cement composition, it is not possible to obtain a fluidity 6
retention of concrete. Accordingly, it was necessary to mix immediately before spraying, an aggregate,
"a cement composition and a liquid quick-setting admixture, and there was a problem such that a
spraying concrete having 5 a uniform composition was hardly obtainable. Further, no mention was
made with respect to the effectiveness of an alkali metaksulfate in a quick-setting admixture wherein an
acidic substance and a blowing agent are used in combination. 10In recent years, it has been desired
to develop a quicksepngstdngxicme evhich slless imdtentaldo alhumambody af aoenpaved edth a
conventional basic quick-setting admixture, which is excellent in providing is initial strength and which is
scarcely solidifiecdPatIA& portion"SFiRe iftk-Sise a8 RORCEEHRG (6t Fale MATEERRRER £/
JP-B-60-004149 7Pa‘%en D8 cument 2: JP-A-09-019910 Patent Document 3: JP-A-2001-509124
Patent Document 4: “JP-A-10-087358 20 Patent Document 5: JP-A-2001-130935

This technique is to reduce a damage by alkali
5 reagents by a combined use of aluminum sulfate and
calcium aluminate. Further, it is a technique to attain
a low dusting property by mixing the powder quick-setting
admixture with water to form a slurry. Further, these
patent documents describe about an AE agent and a blowing
10 agent, but they are mentioned as substances to reduce the
amount of dust by adding them preliminarily to concrete,
and there is no mention about using a blowing agent in a
quick-setting admixture.
As a tool to add such a slurry quick-setting
15 admixture to concrete, a Y-tube or a showering ring to
add a quick-setting admixture in the form of a shower
into a concrete piping, was, for example, used.
In the case of the Y-tube, in order to improve the
mixing property, a technique was used to once
20 disintegrate concrete by means of compressed air and then
add the quick-setting admixture, and as a result, the
amount of compressed air used for spraying tended to
increase, and the amount of dust formed tended to
increase sometimes.
25 On the other hand, in a case where the showering
tube is used, the mixing property of the slurry quick-

setting admixture and concrete will be good, whereby low



Patent Document 6: JP-A-2000-302505 Patent Document 7: JP-A-2000-302506 Patent Document 8:
JP-A-2001-302323 Patent Document 9: JP-A-2002-080250 25 Patent Document 10:
“JP-A-2002-047048 Patent Document 11: JP-A-2004-035387 Patent Document 12:
JP-A-2002-220270 7 5 Patent Document Patent Document Patent Document Patent Document Patent
Document Patent Document 13: 4

dust spraying will be possible without requiring air for
disintegration. On the other hand, the structure is
complicated, and the frequency of solidification of the
slurry inside was more than the case of Y-tube, whereby

5 the showering tube was not practically useful.

Accordingly, in spraying by means of a showering
tube, a liquid quick-setting admixture is mainly used,
but the components of a liquid quick-setting admixture
are only components to accelerate a hydration reaction of

10 cement and do not have a self-curing property whereby
they are cured by themselves to impart a quick-setting
property. Thus, there was a problem that it was inferior
in the quick-setting property as compared with a slurry
quick-setting admixture containing calcium aluminate.

15 As a liquid quick-setting admixture having the
quick-setting property more improved than ever, one
having a fluorine element incorporated to aluminum
sulfate was developed (Patent Documents 9, 10 énd 11).

However, for practical application, further

20 improvement of the quick-setting property, improvement of
the adhesive property at a spring water area, etc. have
been desired.

Further, a technique for combining a liquid quick-
setting admixture and a powder quick-setting admixture

25 has also been published (Patent Documents 12 and 13).
However, in a case where at the time of spraying, a

liquid quick-setting admixture and a powder quick-setting



14:°15: 16: 17: 18: W02005/019131 JP-A-2001-270768 JP-A-2003-321263 JP-A-11-79818
JP-A-2001-270768 JP-A-2007-119263 DISCLOSURE OF THE INVENTION OBJECT TO BE
"ACCOMPLISHED BY THE INVENTION ioUnder the above-described circumstances, it is an object of
the present invention to provide a quick-setting admixture which is less influential to human body as
compared with a conventional basic quick-setting admixture and which is excellent in performance of
the is initial strength and is scarcely solidified at the portion of a quick-setting admixture-adding tool.
MEANS TO ACCoftHi{BrreHE@BIERE AT Heopresent mventiorrprovidesrtae Hallowingr2@ (1) A slurry

quick-setting admixture which comprises water and a powder quick-setting admixture comprising an
alkaline earth meRE8roBREEE athSteP-SBlbYe YEARTIRRTaRR! Edifivf afuiRMaid atd @n alkali metal

sulfate. (2) The slur% Hiﬁ:lé-settin dmgit)urgeqccgm:in%to 5 Claim 1, which fl_thhert contains
calcium sulfate. (§?"ﬁ=ﬁe sturry cfuica:l -S€ %g admixiure ac%o&ﬁng {6 tlﬁléra\'i)o%%]ﬁﬁ{oﬁ @3 whih further

contains calcium Syiydrpxide andiar-alyminym ivdrexige (4 The sy guigh-sglfing agdmixture

according to any one of the above (1) to (3), Which further contains a retarder. 5 (5) A quick-setting
cement conceete gampiging the shusty @iak-aeting admixkire aseiedned i ang oga pEkhe above (1) to
(4), and cement concrete. (6) A spraying method which comprises mixing water and a powder
quick-setting admsettiteicen pidsivics bnedkadté iTbe dartie inetaldCarbarratehe weterk salulle acidic
substance, calcium aluminate and an alkali metal sulfate, to form a slurry quick-setting admixture,
mixing this slurry G¥fiek&ethESfhixturemth ééméRtEbncrete to form a quick-setting cement

concrete, and spraying this guick-setting 15 cement copcrete., (7) A spraying.method which comprises
foining and mixing, 1 & VG Poz3let AR TR pehed AR iiaer SoGH InE AhETS powder

uick setting admidye;fanpafted AUl ISP UNGRCHIINULS, SUBRK 20N AKk cPrising

an alkaline earth metal carbonate, a water-soltble acidic substance, calcium aluminate and an alkali
metal sulfatgto farma sy peguigkweting-admturagiNigaHeingrhisWwwa guick-seltingnhadmixture via

a slurry quick-setting admixture inlet port

concrete containing an inorganic powder (Patent Document
14), a technique of adding a liquid quick-setting
admixture to concrete employing cement containing calcium
carbonate (Patent Document 15) and a technique of

15 incorporating calcium carbonate to a cement composition
and using a liquid quick-setting admixture in combination
therewith (Patent Documents 16, 17 and 18) have been
published. However, in these techniques due to alkali of
the cement component contained in a large amount, calcium

20 carbonate will not be an acidic atmosphere, and the
slurry quick-setting admixture tends to form bubbles, and
they are neither techniques to prevent solidification nor
techniques to obtain a low dusting property by means of a
showering tube.

25 Further, with a mixture having a quick-setting

admixture preliminarily incorporated to a cement

composition, it is not possible to obtain a fluidity



25 to a showering tube to mix it with cement concrete via slurry quick-setting admixture-adding holes to
form a quick-setting cement concrete, and spraying this quick- 9 setting cement concrete. (8) The
“spraying method according to the above (7), wherein the showering tube has a double structure
composed of an outer tube and an inner tube, and the inner tube has the slurry quick-setting
admixture-adding holes. (9) The spraying method accogding to any one of the above (6) to (8), wherein
the powder quick-setting admixture contains calcium sulfate. lo (10) The spraying method according to
any one of the aboet €6)ttoq9) afhereircthetpowddcquitid sedilg admixtas coataisssealgiunrhydroxide
and/or aluminum hydroxide.  (11) The spraying method according to any one of the 15 above (6) to
(10), wherein the PodeFaR-kedeRty REHBEG e TIMAHES refdtdBHIUSY AL GuicR sERMBHmixture
for spraying which comprises a liquid.quick-setting admixture, and a o%/lvj:?er admixture comprising a
blowing agent and AR 2t AURRLE. ?fi% quitk- _eﬁﬁﬁtdﬁl’é?x B¥S-SGyingHecording to
(e Bbove (12): whRES 0010 809 S0 alAlng U LIELY SR ANAIEy o L 10
quick-setting admixture for spraying according 25 to the above (12) or (13), whereln the powger
admixture fugher gogtaiteaiCitBhpdiae 1 or{ 1ok $ hB Ltk sesting adawitdre fansprayipg ageording
10 to any one of the above (12) to (14), wherein the powder admixture further contains an alkali metal
sulfate. (16) The merdkisaiting admaderevior spragsmeatcdrdingtte anf/fometdfthaabsvefl2yto (15),
wherein the liquid s quick-setting admixture further contains an alkali metal element. (17) The
quick-setting admddbirelfbr BetadAnFHedrEMgiB ahyBHCH1RE Ebbe (2gMbLBY svivdrerehe liquid
quick-setting admixture contains 3 compound having.a_io fluorine element. (18) The guick-setting
admixture for spr%@%&é&‘r‘di@%s Sive 8f1aeaa YABFIPET WRER OnffistE, in 100 parts of
the powder admi@%t}gbgrlqg‘{__g 10 30 parts of an alkaline earth metal carbonate, from 30 to 70 parts of is
calcium aluminate, from 2 to 50 parts of an alkali metal sulfate and from 5 to 40 parts of calcium sulfate.
(19) The quick-setting admixteredAt Spaying, acoortiag teaay aneftae abgve£lA1e18), wherein
the ratio of the liquid quick-setting admixture to the powder 20 admixture is from 95:5 to 30:70 by mass
ratio. (20) The quick:sétting idimgtuaelfor-spuagngaccordirg ey ame dhtetalolet{@2pnto (19),
wherein the liquid quick-setting admixture and the powder admixture are mixed in a slurry form. 25 (21)
The quick-setting RERARUROHF spFafirgBRESAitiiotardy SRRBrkelae @2 i (20 ivkich has a pH
of from 3 to 9 upon expiration of pone minute after mixing 11 tgg liquid, uick-settigg admixture and the

powder a(_jmixturef’et ENS Wﬁ%ter : hﬁﬁcﬁ@oﬁﬁﬁ? grﬁeﬁ ! REYGHEGAE and the
quick-setting admixiyre;fof spraying.as, 5 defingdl Inany ong of he 8bove,(12) 12 {28 at the

15 portion of the quick-setting admixture-adding tool.
Patent Document 1: JP-B-60-004149
Patent Document 2: JP-A-09-019910
Patent Document 3: JP-A-2001-509124
Patent Document 4: JP-A-10-087358

20 Patent Document 5: JP-A-2001-130935
Patent Document 6: JP-A-2000-302505
Patent Document 7: JP-A-2000-302506
Patent Document 8: JP-A-2001-302323
Patent Document 9: JP-A-2002-080250

25 Patent Document 10: JP-A-2002-047048
Patent Document 11: JP-A-2004-035387

Patent Document 12: JP-A-2002-220270



(23) The spraying material according to the above (22), wherein the amount of the quick-setting
admixture for spraying comprising the liquid quick-setting admixture and the powder admixture, is from
*5 to 25 parts, per 100 io parts of the cement. (24) A spraying method which comprises using the
spraying material as defined in the above (22) or (23). EFFECTS OF THE INVENTION 15By adopting
the quick-setting admixture for spraying, the spraying material and the spraying method using it
according to the present invention, it is possible to control solidification of the quick-setting admixture in
the quick-setting admixtBRLgadingasaimgnd tHe3effeBR2APR/iR#2#E4 highly quick-setting property and
durability to cement concrete, can be obtained. BRIEF DESCRIPTION OF DRAWINGS Fig. 1 is an

external view of a slurrymy“ o ZR&RREWErinG tube F ~Ar0 945 2 @d&Ssectional view showing an
internal structure of the ryin zzle/shqowering tupe. 1 ig.3 IS, a cross-sectional view showing
an internal structure of t eg %%gv%eﬁr%g il eer.lqi\/IEENIN S_aégeé;é&ﬁgﬁ Water or liquid quick-setting
admixture supply line  p2:Rowdejjauigksetting admixtureor ppyydes admixture supply line 3t
Slurrying nozzle 104: Slurry quick-setting admixture inlet 5: Showering tube 6: Slurry quick-setting
admixture-adding holes BitSeh M QbR CARRY INGS- QL0 DR EANYVESNTION 15Now, the present
invention will be described in detail. In the following description, percent (%) and parts are based on
mass unless otherwise $aefield. Fheusgntcdiient d&ndref? 47 tHel Psent invention is a generic term

for a cement paste, mortar and concrete. 20 Further, "parts” or "%" in the present invention is based on
mass unless otherwise specified.  The slurry quick-setting admixture of the present invention

comprises water a 81‘9(9%@%5 %Jch = til}%?gm}gpi\? comprising an alkaline earth metal carbonate, a

25 water-soluble acidiC su nce, calcium aluminate and an alkali metal sulfate. Further, it preferably

comprises an alkgffieseerthriesdl GareeRase 12 wEleBSel4RIR apifiENSon

10 Under the above-described circumstances, it is an
object of the present invention to provide a quick-
setting admixture which is less influential to human body
as compared with a conventional basic quick-setting
admixture and which is excellent in performance of the

15 initial strength and is scarcely solidified at the

portion of a quick-setting admixture-adding tool.

MEANS TO ACCOMPLISH THE OBJECT
The present invention provides the following:

20 (1) A slurry quick-setting admixture which comprises
water and a powder quick-setting admixture comprising an
alkaline earth metal carbonate, a water-soluble acidic
substance, calcium aluminate and an alkali metal sulfate.
(2) The slurry quick-setting admixture according to

25 Claim 1, which further contains calcium sulfate.

(3) The slurry quick-setting admixture according to the

above (1) or (2), which further contains calcium



substance, calcium aluminate, an alkali metal sulfate, calcium sulfate, calcium hydroxide and/or
aluminum hydroxide, an alkali metal carbonate, an aluminate and a retarder. Further, the powder
“admixture of the present invention comprises a blowing agent and calcium aluminate. Further, it
preferably comprises an alkaline earth metal carbonate, calcium aluminate, calcium sulfate and an
alkali metal sulfate. By using the powder quick-setting iogadmixture in combination with the liquid
quick-setting admixture, it is possible to obtain the effect to prevent solidification of the slurry in the
quick-setting admistdrecadding acsl/ Thre alkatinewarthydetakiddonate to be used in the is present
invention, is used for the purpase of solving solidification of the slurry in the quick-setting
admixture-adding {861, ABSuEh FRS ke it et AT ABHAEE Uk ciBRFOHBoRGetS MBYnesium
carbonate is, for example, preferred. B ing the line earth 20 metal carbonate, in combination with
a water-soluble a8idic s%?bs a{ln%e?%og %}/ogglglettg p?g(véntw eb%%itig‘rl\ro Eétes]'ﬁolificli"lr(glézl“’1p1r188uCat of slurry in
the tool, since carpop_dioxide gas is generated to cause bubbling in the slurry when a slurry
guick-setting admixture is prepared by 25 mixing with water. The alkaline earth metal carbonate has an
effect to readily adjeist the gliirektosa pettigl regitsnndtsh dAdiprevanpeytslizgtiemsesistance of the
spray cured product. The alkaline earth metal carbonate exhibits such effects when incorporated to the
slurry quick-settingladrriytuye, iarkd getafiony isadifférant fimna thedssdme sdbstangapreliminafily mixed to
cement concrete.  The patrticle size or the particle size distribution of the alkaline earth metal
carbonate is not gatfc AR Amitéd. T Bine 3petifiCBemice aran@liGe (hereinafter referred to
simply as the Blaine value) is 10 preferably frgm 500 to 10,000 cm?2/g, mote preferably from 1,000 to
0. BoABSRY S et B OP R R e B

5,000 cm2/g, from' fHe ViewBSAY oF e SHe Pth Breveht SORRACHEGR JPIRE B2 s &value is

less than 500 cm/g, gl patios uakarenly gisparscrt (0° PoWler Quiek-salfing admiure, and the
15 prescribed effect may not sometimes be Obtainable.  The alkaline earth metal carbonate is

preferably from 2 ¢ 20 pakist BDre: praferabhefrom wia 29 padsulDst pefaablysiigatata-ks parts, in
100 parts of the powder quick-setting admixture. If the amount is less 20 than 2 parts, an excellent
effect to prevent sohidificatiormofihersitrey aray rot sohietinesnbée abtaned srel, if it@xteeds 30 parts,
an excellent quick-setting property may not sometimes be obtained. Further, the alkaline earth metal
carbonate is 25 prefErabY B XOSSE pARS, RO Siet&iRbly HerhStot30 Bafd Uhsxt sef<ikbly from
8 to 30 parts, in 100 parts of t%e O\Qdel‘ admixture. If the amount is less 15%than 2 parts, an excellent
effect to prevent s%‘ﬁ§i‘fi%gﬁ]ona F‘t%}é s l]:r?y ‘f’nlaiil h St EBRREtnT S 6E %E?aiﬁé)d, andif ft eXéééds 50 parts,
an excellent quicksseing propabrpakspLsameimasheghiainad, Sthe yajgy sgubieagd
substance to be used in the present invention is a generic term for a substance showing acidity when
dissolved inwatel: &myrsubstneednay be used so long as it is a substance which readily dissolves in
water to bring the pH of the slurry quick- io setting admixture comprising a powder quick-setting
admixture and watér)tofansgoidiy fegiomeiniactd rehdtakitic anpitkisdine epothnstal sadbondte toggenerate
carbon dioxide gas bubbles. After such a slurry quick-setting admixture is mixed with cement concrete,
the atmosphere 15ReRd<Sto B ¥ABINE UfTrBby W BUbAEFDHFRIAG F8Sctidh RilMFAE®Fminated, and
the cured product will bf frele.from expansion o breakag&@g bubbled gas. The water-soluble acidic

substance may, fosrTlég%n%/ple,ltr)lee. a%iftaft, BRIM A niftats s ¢ Bﬁa&%% 8%6?%%5 ora hydroxylate. 20
Among them, alurpipym.suliate &s pieferredagdhe sulfaie. and exale adflispiefered gsive

hydroxylate, since they are excellent in providing the initial strength” Among them, aluminum sulfate is
most preferrggl. 1ine and comprising an alkaline earth metal carbonate, a
water-soluble acidic substance, calcium aluminate and an
alkali metal sulfate, to form a slurry quick-setting
admixture, introducing this slurry quick-setting
admixture via a slurry quick-setting admixture inlet port
25 to a showering tube to mix it with cement concrete via

slurry quick-setting admixture-adding holes to form a

quick-setting cement concrete, and spraying this quick-



The aluminum sulfate may be anhydrous or hydrated. 25 The above water-soluble acidic substances
may be used alone or in combination as a mixture of two or more of them. 16  With respect to the
“particle size or particle size distribution of the water-soluble acidic substance, the Blaine value is
preferably at least 500 cm2/g, more preferably at least 1,000 cm2/g, whereby its solubility 5 is fast
when mixed with water, and it quickly reacts with the alkaline earth metal carbonate to form bubbles.
The amount of the water-soluble acidic substance is preferably from 3 to 50 parts, more preferably from
5 to 40 parts, in 198tgaiRDfTREBDIWdEerndicRiRting 1() admixture. If the amount is outside this range,
an excellent performance to prevent solidification may not_ sometimes be obtained. Calcium aluminate
to be used in the pRsehtiivERTGY EgsTMEHaRE fAfPEd tated RhERToRRRYS isMWith water and
which is capable o in]c:ree%%in&tge ﬁé@érpaﬁce 19f he %lgi?| gtrg%%@lv(\éhesq:rrn&xq:d with cement concrete.

It is one obtainablé ey subjecting a mixture oFCa r%aterlal, Al maternial, eﬁ:.}]t]éethermal treatment

such as firing in addigsdaelting inanLocelectrigharnace. folowsd by rulysrizatign. When Cal is
abbreviated as C, and Al203 is abbreviated as A, the mixture may, for example, be C3A, C12A7,
C11A7*CaF3, CalhheGA subAhddeyhaay ba tisedpldrekosiataoinlinatiai as araixida idwo or
more of them. (Here, 25 CaF2 is calcium fluoride, and CaC12 is calcium chloride.) Further, calcium
aluminosilicate mhp &&®-be used, wherein alkali metals such as Na, K and Li are solid- 17 solubilized

in an amount of from 0.05 to 10% as calculated as R20 (wherein R is an alkali metal element) (e.g.
8Ca0.Na20.3A1203) o8 2SR Ear iRt dRAPIRTRPSARRY tish 30%. SRErAEr, ¥hE calcium

aluminate to be ug%do\l,n th§16gre§%nt(l \f]entl%rllerggxlflurtt:rﬁer cont%n one or more of ferrous oxide, ferric

oxide, manganese oxid%, agnesia, p bsB’ oric acid and an aikal insan amoun Bf‘fé%s than 30%.

ioThe calcium alumipatednay be Amerphous. 9f chystalling, ©L@-mixture thereof. However, it preferably

contains at least 80%, more preferably at least 90%, of amorphous one, whereby the quick-setting
property is axcellerol5 e matarapiiapf we€H AR ABdodha Catgiws alnpinairisatot flagticularly
limited, but it is preferably within a range of from 1.5 to 3.0, more preferably from 1.7 to 2.3. Outside
this range, an exceflentequiék-seting Propeite raimdtlsenmtindesrberobtinett t20The particle size or
particle size distribution of the calcium aluminate is not particularly limited, but the Blaine value is
preferably at leasBSObEEATE g CRIBFE bhste RbhF At aBYS BOB tH52/8 94 At e LENEBIf of the
development of thr<1—:' igi}ia}l&té%ngth. If the Blaine 25 value is less than 3,000 cm2/g, an excellent quick-
setting property m hot sometimes be obtained.

(11) The spraying method according to any one of the
15 above (6) to (10), wherein the powder quick-setting
admixture contains a retarder.
(12) A quick-setting admixture for spraying which
comprises a liquid quick-setting admixture, and a powder
admixture comprising a blowing agent and calcium
20 aluminate.
(13) The quick-setting admixture for spraying according
to the above (12), wherein the blowing agent is an
alkaline earth metal carbonate.
(14) The quick-setting admixture for spraying according
25 to the above (12) or (13), wherein the powder admixture
further contains calcium sulfate.

(15) The quick-setting admixture for spraying according



The calcium aluminate is preferably from 20 to 70 18 parts, more preferably from 35 to 60 parts, in 100
parts of the power quick-setting admixture. Outside this range, an excellent quick-setting property may
‘not sometimes be obtained. Further, the calcium aluminate is preferably from 30 to 70 parts, more
preferably from 40 to 60 parts, in 100 parts of the powder admixture. Outside this range, an excellent
quick-setting property may not sometimes be obtained.;bhe alkali metal sulfate to be used in the
present 10 invention is used for the purpose of improving the quick-setting property or development of
the strength and fsca stuivalsirsubdtahbe tebeveed 12 & dopnpGsttion wheredi an tlrli®susktance and a
blowing agent are used in comhination, and it is different in effects from an 15 alkali metal-containing
substance which 338 HEEN T RefH Bhon ERBSAAIRIAls&tikg hdnitbret asd b eshows alkalinity
when dissolved in#/glger The a\llklaclzikrr_wete may, foa{ ffrﬁ(f‘ﬁ?:oxll%eb an alskajl_j metal e[ae(r:ncent :LLJIq_h as lithium,
sodium or potassium. Z&X}ﬁh?espect 6 the particle size or par icle Si¥e Arstitilition of the afkali metal
sulfate, the Blaing yalug.js preferoly ghlegsoR0 ¢mzig.porepreferghly.al {east 1000, gm2(g, from
the viewpoint of development of the initial strength. If the Blaine value is less 25 than 500 cm2/g, an
excellent quisk-sejting prepartyimay ah sametinesdie pbiainash Theradkalnmetat sulfateds preferably
within a 19 range of from 2 to 30 parts, more preferably from 5 to 20 parts, in 100 parts of the powder
quick-setting adnetemer@utside this range, an excellent quick-setting property may not sometimes be
obtained. Further, the alkali metal 5 sulfate is preferably within a range of from 2 to 50 parts, more

preferably from 5 t&3b gats, #1166 paRt bt B pOMdSTAGRiIXERE. BRISYE Bds RETRE dH¥kcellent

quick-setting property_may not sorpei es he obtai iIQAs elements o be contained, the liguid quick-
setting admixture%ocf the' \ﬁre%%ent ?nve% i6n %%ﬁt‘é?ns&r‘?g d |t|oorit% Iﬂm‘?’r%luerﬁ Gnd si#fﬁr, if rgélclg;sary, one

or more elements suchas Ayaring andian Akaliametal A faw materialig suaply.the alurginum element

of the 15 present invention is not particularly limited, and may, for example, be a compound such as
amorphous g crystallyiel akiminemdieroxide, an aluminum sulfate, an aluminate, other inorganic
aluminum compounds, an organic aluminum compound or an aluminum complex. Among these 20
compounds, one 6iL Mor@meayais cked eihtthaprestmt xihvastidim it isprefgird te asemmialgminum

sulfate which will also be a raw material to supply sulfur element. The raw material to supply the sulfur
element of the 2555e@Bit iRPENtRN SRRt PRAEEIaKAMItY. (trby, BReEmPRVDEE&Mentd? sulfur

such as sulfur or syflimed sulfura sulfide, syffuric acid.of g, sulfaje, 20 sulfroys adid or.a sulfie
thiosulfuric acid or a‘thfosulfate, or an oré’anlc sulfurcompound. Among them, one or more may be

used. Particularly prefefiechis,sulflic aid e 3ulfalessince the sqluilitygn waternS iihigh, e

production cost is low, and the quick-setting property is excellent. Among sulfates, a compound which

is an alum and whish eottrins amalimisyunfelement ends=n gkalt metd elemankisl mose pegferred.
The raw material to supply the fluorine element of 10 the present invention is not particularly limited so
long as it is solubkudifdispeibie firamokehbokWararts of calcium sulfate.

(19) The quick-setting admixture for spraying according
to any one of the above (12) to (18), wherein the ratio
of the liquid quick-setting admixture to the powder

20 admixture is from 95:5 to 30:70 by mass ratio.
(20) The quick-setting admixture for spraying according
to any one of the above (12) to (19), wherein the liquid
quick-setting admixture and the powder admixture are
mixed in a slurry form.

25 (21) The quick-setting admixture for spraying according
to any one of the above (12) to (20), which has a pH of

from 3 to 9 upon expiration of one minute after mixing



It may, for example, be hydrofluoric acid, an organic fluorinated compound, a fluorinated salt, silicon
fluoride or borofluoride. Among them, one or more may be is used. Particularly, hydrofluoric acid, a
“fluoride, silicon fluoride or borofluoride is, for example, preferred, since it is free from a danger such as
toxicity or explosion, the production cost is low, and the quick-setting property is excellent. 20The raw
material to supply the alkali metal element of the presentiinvention is not particularly limited. It may, for
example, be a water-soluble compound containing an alkali metal element such as lithium, sodium,
potassium, rubiditiforlceEitird. Ambal tRert bRE or Mo tArmagh@ (ideel. Pevsideh a compound, it is
possible to use an gxide, a peroxide, a chloride, a hydroxide, a nitrate, a nitrite, a phosphate, a silicate,
an aluminate, a "ifitE S thiosulfate, a persulfate, a sulfide, a carbonate, a hydrogencarbonate,
an oxalate, a boraﬁgﬁ ﬂﬁogg%a%?w?ﬁa%@%%% lﬂu%jlqe Halltérg o Iairgetsal &lalﬂ?é%dc?’ 0‘1:1 an alkali metal
element. Among them, one Or s moré may be used. Eurther, N order to improveé the performance of
the liquid quick-sefing agaEUER df IBIROSERIE-10-Usa- 31 RkanalRipa. BUIERE!, Kpordes ystabilize the
performance of the liquid quick-setting admixture for a io long period, it is possible to use an organic
acid such as=n cdgcdnhedylicacithy oAemethotiHer atixing a (aw) materiabto) supply an aluminum
element, a raw material to supply a sulfur element, a raw material to supply a fluorine element and 15 a
raw material to suppdy aFaekasiphetal a@niafcan akanokeridé raw reatehial @lbae okgeédrboxylic acid
raw material, is not particularly limited. The cantents of the aluminum element, the sulfur element, the

fluorine element, YREXRAF ABABRE BihER SRR Hd e Aok fc S8 in the liquid

quick-setting adméxtl%[ae are not cpﬂ@lrticuleirl IirgE%d.lPer llocp %‘gnlr{sé Ef_tggtscuifur e[g elnt as %alculated as
SO3,itis preferreopto Contain from 2570 110 parts of the aluminum element as ca?cl:uﬁcetftea as Al202,

from 2 to 50 25 paptgiot e E&@Sﬁ'@%ﬁ@&@@ﬁéfo@é efhparts gf tie alkglimetq) elemegt as
is

calculated as R20 (wherein an alkali metal element), and it is more preferred to 22 contain from 30
to 70 parts abthe plurtisusfeleent aseatculated as Al202, from 5 to 30 parts of the fluorine element,
and from 5 to 30 parts of the alkali metal element as calculated as R20. The reason for defining 5 the
upper limits of the(&dnteAtsI® teat ihe visebbigdomhediguitbieps se Beusgmar the |sppreyirsiability
tends to be poor. In a case where a raw material containing an alkali metal element is used for the
liquid quick-settin3d SRS tie EdREHt dPthERSKAPREE Efdmhetin 198 parts of the liquid
guick-setting admixture preferably exceeds 1% as calculated as R20 (wherein R is an alkali metal
element), more preferably at least 2%. The upper limit of the content of the alkali metal element is at 15

most 5%.  Fromgspgk-anaturerhint Yanaustygrs of materials are used in combination, the liquid
quick-setting admixture of the present invention may use those other than the elements and

components sontaine@in thedistichd0 ghick-gatitig-acixiig ohtheipresent ifventiopraithiiog range
not to substantially deteriorate the effects of the present invention.
the spraying material and the spraying method using it
according to the present invention, it is possible to
control solidification of the quick-setting admixture in
the quick-setting admixture-adding tool, and the effects
20 to impart a highly quick-setting property and durability

to cement concrete, can be obtained.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is an external view of a slurrying
25 nozzle/showering tube.
Fig. 2 is a cross-sectional view showing an internal

structure of the slurrying nozzle/showering tube.



Further, it is also possible to use a known water- soluble hydration accelerator in combination with the
25 liquid quick-setting admixture of the present invention. The concentration of the solid content in the
‘liquid quick-setting admixture is preferably from 20 to 60%, 23 more preferably from 25 to 50%. If it is
less than 20%, an excellent quick-setting property may not sometimes be obtained, and if it exceeds
60%, the viscosity of the liquid tends to be high, and thg pneumatic transportation 5 by a pump may
sometimes tend to be poor.  The liquid quick-setting admixture of the present invention is preferably
acidic, and its pH is preférably3frdra latocs;qasrespretarablylfrom ewosh Shienformrof 1me Gouid 1
quick-setting admixture of io the present invention is liquid and includes one in the form of a
suspension. The Si&WF e Suentes sHreMes inghetatRPension is not particularly limited, but it is
preferably at most 5 pm, more preferably at most 3 pm, from the dispersibility of the suspended 15
particles.  For the powder quick-setting admixture or powder admixture, it is possible to use, in
addition to the maigrglssed dor theahove-mentioned liquid quick-setting admixture, calcium sulfate,
calcium hydroxide 20 and/or aluminum hydroxide, an alkali metal carbonate, an aluminate, a retarder,
etc.  The calcium sulfate taresusaskinlthgwiesesi inensenisiugeddan theapepasg gl improving
development of the strength of the cured product. The 25 calcium sulfate may, for example, be
anhydrite, gypsum tweenihydrate or gypsum dihydrate. Among them, one or more may be used. 24
The form of crystal of the calcium sulfate is not particularly limited, and an a-type gypsum hemihydrate,
a 3-type gypsum hemihdraoudaypaasrydme ts Hogpa dnkiidtecorar| Pgpdemnydrite may, for
example, be s use% Further, the abave calcium sulfate includes naturally produced one, or stack gas
desulfurization gyp H%ufﬁl%rg%}l%coﬁﬁ&ﬁ'led as an industrial byproduct. The particle size of the
calcium sulfate is io pr%qra%g&@%éroggmgg, more preferably at least 3,000 cm2/g, by Blaine
value, from the viewpoint of development of the strength. The calcium sulfate is preferably from 4 to 50
parts, more pgeferably ffom & 1o 3@pagtsi ikl paris gl hemiowdaraguickrsetting 15 admixture.
Outside this range, an excellent quick-setting property may not sometimes be obtained. Further, the
calcium sulfate is prefefably $toowSrtortf markss more preferably from 10 to 30 parts, in 100 parts of the
powder admixture. Outside this range, an excellent 20 quick-setting property may not sometimes be
obtained.  In order tofimproVE ¥Ry gtk etfiRf Srope ity drind HiRe 66 18t Grbafid at the time of
spraying, calcium hydroxide and/or aluminum hydroxide may be incorporated. 25The calcium hydroxide
includes quicklime or slaked

BEST MODE FOR CARRYING OUT THE INVENTION

15 Now, the present invention will be described in
detail. In the following description, percent (%) and
parts are based on mass unless otherwise specified.

The term “cement concrete” in the present invention
is a generic term for a cement paste, mortar and concrete.

20 Further, “parts” or “%” in the present invention is based
on mass unless otherwise specified.

The slurry quick-setting admixture of the present
invention comprises water and a powder quick-setting
admixture comprising an alkaline earth metal carbonate, a

25 water-soluble acidic substance, calcium aluminate and an
alkali metal sulfate. Further, it preferably comprises

an alkaline earth metal carbonate, a water-soluble acidic



lime to be formed when carbide is hydrated. The reason is such that water is used for cement concrete,
and 25 therefore, it is possible to use quicklime or the like which forms calcium hydroxide in a large
‘amount by a reaction with water, or to use it in combination with calcium hydroxide. = The form of
crystal of calcium hydroxide is not particularly limited. Aluminum hydroxide is a substance represented
by a chemical formula of e.g. Al(OH)3 or A10(OH).111%420. The aluminum hydroxide includes
crystalline or amorphous one, io and either one may be used. However, it is preferred to use
amorphous alumiauinsityadioxide cal & henpoxiden i eakejunahydidxadel omaltalinwa hydtexide is not
particularly limited, but the Blaine value is preferably at least 4,000 cm2/g, more preferably is at least
8,000 cm2/g. If theBIgien afivel 3ESs tifal4 DD chyZdyoxi ercalled( aghadivhiduie ground at the
time of spraying may. not sometimes be ohtained, _ The calcium hydroxide and/or aluminum
hydroxide is prefé?é)élfl‘?m%’to% Gk tofSiraterSB M B%0 G hERd A 1D0PH ts%of the
powder quick-set@égcgg@‘ggqre. If the amount is less than 2 parts, no adequate adhesion to the ground
at the time of spraying may be obtained, and if it exceeds 30 parts, the quick-setting property or
developmentsof a long terpcsirangth B8 terdlmtorbe dRRaired- & usther e galciunhydroxide and/or
aluminum hydroxide is preferably from 2 to 30 parts, more preferably from 3 to 20 parts, in 100 parts
26 of the powder admaxitrsodf themmprdiedss essiban 2paitsean exadllerd belbhesioallathie gteund at
the time of spraying may not sometimes be obtained, and if it exceeds 30 parts, development of a long
term strength may saireditneside ipsdieablyn dempiaseasirientdikas tine peadehqiekakbtting
admixture or the powder admixture, an alkali substance such as an alkali metal carbonate or an

aluminate may becétﬁﬁé*ﬁ“l%?ioTﬂ%jrgljde‘e%‘é&‘),lfb"f‘%%m‘b?el, BEEh 5 RS ARG R such as citric

acid, tartaric acid, malig acid S r u%qlni%% id, or gy alkali geg}ll Salt sugh Iasqausi%qclgrgec%r otassium salt
of such an oxycar%oxy ic acid. They may be use Zlonie orin comBination as.a MXtUre of o ls or

more of thefy, Amangithem. fom theswigwhaint shdevelapmeat of the sirepgiiansepeaRpxylic acid
and/or an alkali metal salt of an oxycarboxylic acid is preferred, and citric acid and/or an alkali metal
salt of citric acid iadnaratpuefejreilt 2@ Eheanwiint of the ketardénistpreferalikydrom 6.@a-toveparts,
more preferably from 0.1 to 2 parts, per 100 parts of the powder quick-setting admixture or the powder
admixture. Outsideahisdahde ahbquicEséfing propary énthehmin@siorktiothé gidand at the time of 25
spraying may not sometimes be ghtained. Now, a method for using the slurry quick-setting admixture of
the present invenfSHHWIEHE 8e84HE 2P it is preferred to mix water and the powder quick-setting

oLt b i S S SSUIS SOV RSl S

15 present invention, is used for the purpose of solving
solidification of the slurry in the quick-setting
admixture-adding tool. As such an alkaline earth metal
carbonate, calcium carbonate or magnesium carbonate is,
for example, preferred. By using the alkaline earth

20 metal carbonate in combination with a water-soluble
acidic substance, it is possible to prevent deposition of
a solidified product of slurry in the tool, since carbon
dioxide gas is generated to cause bubbling in the slurry
when a slurry quick-setting admixture is prepared by

25 mixing with water.

The alkaline earth metal carbonate has an effect to

readily adjust the slurry to a neutral region and to



In the present invention, in order to adjust the setting time, a retarder may be incorporated. In a case
where the amount of slurrying water to be mixed for the slurry quick-setting admixture is small, for
‘example, in io a case where the proportions of the slurrying water and the powder quick-setting
admixture are such that the mass ratio of water and the powder quick-setting admixture is from 30:70 to
40:60, if a retarder is incorporated, the quick-setting propgrty will be improved. The proportions is of
water and the powder quick-setting admixture are preferably from 40:60 to 60:40, more preferably from
45:55 to 55:45, by mrssvatimeutsaleithisrepgereas extellerd qoitkesetting peopectyzdievelopment of
the strength may not sometimes be obtained. 20The amount of the slurry quick-setting admixture
comprising water RRAIHE powdet g idkadting aBriiktirdREF LT aBRIRFE @ 16°00ikartsS more
preferably from 6 to cllﬁ paétgép% r cal%lated as the solidtc%ntegt, Ber 1g9 Lparts of cement concrete. If

the amount is lesS thah & f%, an%&céﬁlé:n?%?&?s& né: property ma§ hdt Smé&times be obtained,

and if it exceeds 20 paris, o Fther imerovement i thegquigk-seting jrersrty willge, 28 ghtained, and

the amount of use becomeés large, such being economically undesirable.  Now, a method for using a
quick-setting admidwke fonbprayig-oidherasenivstiptwil beglessibad. cohbe &rick-setting
admixture for spraying of the present invention is one obtained by mixing the liquid quick-setting
admixture and a powdeTflenprtuta cdmpsasing alvlotlieyg pgentianicecadimen dlistindteutheproportions
of the liquid quick-setting 10 admixture and the powder admixture of the present invention are not
particularly limite® but Bfe\PareddréReay Fidin 05 Ho SGYDORRES picfe DYy PaFtdoeyd a3 5y:50, by
mass ratio. Outside, thjs range, an excellent quick-setting property or development of 15 strength may
not sometimes be 3Mtairgad: In HE p%%%ﬁ?%vgﬁﬁgﬁ,%ﬁ a‘?‘r‘ﬁ%%l‘%‘?tt%rﬁfuig ﬁﬁ}&-setting admixture
means the amountyas, e igeide - ,18#06 PLesentinveRfioy, iLis Rpteriediip ixihe gyid,quick-setting

admixture and the powder admixture 20 to obtain a slurry immediately before addition to cement
concrete, with a vigve e oyemesinokitie raxingoproperty iy thenegraepheonsreiely Feegxample,
in a case where the liquid quick-setting admixture is added alone to cement concrete, the 25
neutralization resistahge df¢hé c0Ed protist Naysomémes eeptsteriorated: Mited Spraty tured
product obtained by using a quick-setting admixture for spraying 29 slurried by mixing the liquid
quick-setting admB&gnéeead frelgchidercainixiure hsthehe prsert inehtibhethdl@sReance against

neutralization will be_im roved&over th neuggl&zati resistance in.a case ﬁhere o?é }'gh liquid

on
_quick-s_etting_ adeﬁL]rrlé istRed® STSTFH A8 conad_%%é 95 bdatdiibttadiSto file 4 ! pH of slurry
s readily adjustedsip. peulal regiony g levingaqsn! sueb At Serhenaieconiaingd iplne

powder admixture. With a view to improvement of i0 the resistance against neutralization, it is preferred
to mix the liqyid qpiekssetting-admidereranchiperpawdasmasiige B bopg dieabd1pon expiration of
one minute from the mixing to a level of from 3 to 9, more preferably from 4 to 6. isAccordingly, use of
the powder admixture cBheirihyalblowirepagéntmate thechqlidnatok-settimgredmialrkyin
combination, is not only effective for preventing solidification of the slurry in the quick-setting
admixture-adding ¥86Mbat &S0 PR for MBI eRtcHt SR tie SpRIY Curé® pfHRETESThe amount

of the quick-setting admixture for spraying comprising the liquid quick-setting admixture and the powder
admixture of the 85&@&\%%%5%%%? ggmculaﬁ?/ li ["t’:te'tc’f"l Gfit isl&efér%b@af r(;grﬁ 5 t% %’ ©

powder quick-setting admixture. If the amount is less

20 than 2 pafts, an excellent effect to prevent
solidification of the slurry may not sometimes be
obtained, and if it exceeds 30 parts, an excellent quick-
setting property may not sometimes be obtained.

Further, the alkaline earth metal carbonate is

25 preferably from 2 to 50 parts, more preferably from 5 to

30 parts, most preferably from 8 to 30 parts, in 100

parts of the powder admixture. If the amount is less



25 parts, more preferably from 8 to 15 parts, per 100 parts of cement. If the amount is less than 5 parts,
the quick-setting property may not sometimes be obtained, and 30 if it exceeds 25 parts, no further
‘improvement in the quick-setting property will be obtained, and the amount tends to be large, such
being economically undesirable. As the tool for adding the quick-setting admixture 5 for spraying, any
tool may be used so long as the spraying performance y4ll not substantially be deteriorated in a case
where the quick-setting admixture is added to cement concrete. For example, Y-tube or an inlet piece
(hereinafter referidepid dsdas asshoerRrgCE) kRl nelf forteXemmesyensed. However, it is
preferred to use a shqwering tube, since the mixing property with cement concrete will thereby be

excellent, and spRSANG WSS H3SThIB Wil Smal RomprBdslonalr aRStH: I RSp&ficularly preferred to

use a fool (a 15 slyning.ngzzIe) (¢ mix wateror aliguidquigk-selino.admidure with a pander.
quick-setting admixturé or a powder admixture to form a slufry priof to introduction to the showering

tube. As the slurrgi@gg%lexggk%y@w e o be ussHdR ZRShemrespntinyeagion, one shown in Figs.

1 to 3 may, for example, be used. A water or liquid quick-setting admixture supply line 1 and a powder
quick-settingsadmixtureTbiep awsderadimixtise supplydine 2 aksjpiedattaosibeyingazzie 3hahere the
supplied raw materials 25 are mixed and slurried. Further, the slurried quick-setting admixture is
introduced into a Bleweritig iubeeh bienslugy uitkasattiey bdmixtlierintket guirataddesd to 31 cement
concrete via a slurry quick-setting admixture-adding holes 6.  Compressed air to be use for spraying
will be supplied foRPHERFaRT b Addid HRk-SeERG BURinik ¥ bBply IR8Y oF WoRt fReSowder
quick-setting admr%[ur%gr Efvél ers%drrfi%(ture g,upfg/ line %. 'I;th%%@gylnte of tFeccr(I)m ergéseld air to be
used for spraying |s%refera ?y fom 2 Ta/min to mlf/mln, more pre?eragy Fom 3 mafmm to 7

m3/min. ioThe shqyerag-Hle .10 PLrseddB the- PIRFENLNVERTRTE MaYe f%fl@j@ﬁ%p'au%\@-a double

structure comprising an outer tube and an inner tube. The diameter of the inner tube in which cement
concrete is ppeursaticallydranspostedis ustay iretmapeutdoriize 15 gufi tiehgstprefeyably from 2.5 to
3.2 inches, and the inner tube has at least two slurry quick-setting admixture-adding holes 6. The
number of slurry q@ivik-seting aimixwasexdiy holes Gigtike et cnbeizdreferablydorw 2t 15, 20
more preferably from 4 _to 10, If the slurry quick- setting admixture-adding hole 6 is only one, uniform
mixing of cement ¥Bneret@ WitReh &I GGERSeft ixEure M BFRGHFE Sb&HRPANd an
excellent adhesiop.or dijét-redauscirﬂ%gko{pggy may not sgmetimes e obtained. 2y If the number of such
holes is 16 or more,cfﬁ(e sﬁm%’/ quick-setting admix ure-adld‘lzng ﬁoles%rm%y%ome imesbe c%gged. 32

Further, the length @ {h& shveunGiubep {3ial Rt A hited dult itis uIsyeihclgmeatout 5 to 50

cm, preferably from 20 to 40 m. Other dimensions, etc. are not particularly limited. The material of the
showering tube 5tefdt to be alkaline, whereby the bubble forming reaction

will be terminated, and the cured product will be free
from expansion or breakage by bubbled gas. The water-
soluble acidic substance may, for example, be a sulfate,
alum, a nitrate, a chloride, a phosphate or a hydroxylate.
20 Among them, aluminum sulfate is preferred as the sulfate,
and oxalic acid is preferred as the hydroxylate, since
they are excellent in providing the initial strength.
Among them, aluminum sulfate is most preferred.
The aluminum sulfate may be anhydrous or hydrated.
25 The above water-soluble acidic substances may be used
alone or in combination as a mixture of two or more of

them.



particularly limited, but one made of metal, resin or plastic may be used, or a combination of these
materials may also be used. The shape of the slurry quick-setting admixture- 10 adding holes 6 to be
"used in the present invention is not particularly limited. Further, it is also preferred to provide them to be
perpendicular to the flow of cement concrete or to have an angle towards the outlet of the cement
concrete. 15The total area of the slurry quick-setting admgixture-adding holes 6 is not particularly
limited, but it is preferably from 2 to 30 cm2, more preferably from 4 to 20 cm2. If it is less than 2 cm2,
the slurry quick-setting %gdixtuespadingtoldds rarsambemes e ceyied; 2ocdwl § itasxceeds 30
cmz2, uniform mixing of cement concrete with the slurry quick-setting admixture tends to be difficult, and
an excellent adheStoit oG reBuShg HeFrotALRte RIS Rfetiiss FEBBEARSGE THd Rater or
liquid quick-settingladmiétu_\;e ore25 slurr¥ien§eolf égi re er#énavenﬁgg ('55 heated wIiTtlréiQea range of from
20C to 90C, preferagﬁlr}romai C tolfoéj, more pre ra%y rom‘oi% {0 45C 4t then mixed with a 33
powder quick-setting adiiftre Qrpauderadmiyiiie wheseby e quick-seting HIoRANY ¢3n be
improved. In a case where the slurry quick-setting admixture of the present invention is to be mixed
with cement b coAgrets; dids phefernadste &awy hut dhae mixingimmesliajaly deforerspuayisgwhe lurry
quick-setting admixture. Specifically, the slurry quick-setting admixture is added to pneumatically
transported cemebpieondristel tonshtaiira uitk tsettimpedmpateorvretEo Tne hmbimkauntil the
quick-setting cement concrete is discharged, is adjusted to_be preferably within 5 seconds, more

preferably within 2 secditfs. 2MoMftc&heitt® BEPGSST FahEptesét itintishbs harsarticdlarly

limited. For example, any one of js variqus types of portland cements such arly-strengt
ultrahigh-early-st ﬁa ?\r;naogd?é’faéﬁé“at% arslcd%osvﬁhgé%%{é?ﬁerw,ogﬁd egr?(?fsr%?xlgﬁ c’:k':arn?g‘nrt]g rt%\)/ing

blast-furnace slag, fly,ashiqt limestang pgygggn@@okpeswp%gg@eggmq}?be used. In the
r

mixed cements, the 20 proportions of such an additive and cement are not particularly limited. Even
one having an addiive ttxee beyondihe vatvegitpulatedint diSd@aybeduseshdae amount of cement is
not particularly limited, but it is preferably at least 350 kg/m3, more preferably 25 at least 400 kg/m3,
whereby developrreaedftrtstipegiowibbe extallapt.eitanpereehtade fof a9 G Gwared/zement ratio) of
cement 34 concrete is preferably from 40 to 70%, more preferably from 45 to 60%.  In the present
invention, in addifiiP@thBeDRE-RBRIEArarious materials and an aggregate such as sand 5 or

gravel, a Water-reducing aafjgnh [;ibgi,u%'gch m‘?g bgousﬁg i{]1 g0 b{rrllat'kc}?e. Thseevr\llgter-reducing agent
may be any known Water-redlucmg agenlt ot igninsulfonic acid type, napl‘ﬁﬁaelenesulfonic acid type or

polycarboxylic acighfyne.+1Q,fhe amountiok the,watereducing agepkis RigisraIgAom. Peryto 2.0%,

more preferably from 0.5 to 1.5%, based on the amount of cement. = The spraying method to a slope
or tunnel acgerdings tohe reser{ndvertivonnay be apyispsayifig Mried of 4G deher wet system,
which is commonly employed. It is particularly preferred to employ a wet spraying method, whereby the
amount of dust todexrfopmedistttief the initial strength when mixed with

cement concrete. It is one obtainable by subjecting a
mixture of Ca0O material, Al,0; material, etc., to thermal
treatment such as firing in a kiln or melting in an

20 electric furnace, followed by pulverization. When CaO is
abbreviated as C, and Al,0; is abbreviated as A, the
mixture may, for example, be C;A, Cj;;A,;, CiiA;°CaF,, Ciji1A;e
CaCl,, CA or CA,. They may be used alone or in
combination as a mixture of two or more of them. (Here,

25 CaF, is calcium fluoride, and CaCl, is calcium chloride.)

Further, calcium aluminosilicate may also be used,

wherein alkali metals such as Na, K and Li are solid-



EXAMPLES 20Now, the present invention will be described in further detail with reference to
Examples, but it should be understood that the present invention is by no means restricted thereto.
"Further, Examples were all carried out at room 25 temperature (20C) unless otherwise specified.
EXAMPLE 1 Water for slurrying and a powder quick-setting 35 admixture comprising an alkaline earth
metal carbonate, a water-soluble acidic substance, calcigm aluminate, calcium sulfate, an alkali metal
sulfate and calcium hydroxide in the amounts as shown in Table 1, were joined and mixed in a mass
ratio of 50:50. Thé pbWelet §ERR-sERiMadMmXire Wwas FaAspAPintpA@dmatic transportation
amount of 5 kg/min together wijth air in an amount of 4 m3/min by means of a pneumatic transportation

hose of 1 inch (2.52 thi &nSfe Bih&eRarl W RRE SidteRio'for SRirRintAbas BahfbbdS EMeiE bf 5

kg/min. The two were join pL{mi e the slurrying, nQzzle (the one shown in Figs. 1 and 2) and
introduced in the f(oerr‘rédf ag gl%rg:y %Zté)wg’ é%#&Né)rihg 5b% J(t(%%a iFe SREWA THERDsT 153, ABR e
diameter of 8 mmgye6 hles, g, dignaeter 15 of 3 inch (7.62 cm) x length of 30 cm, material: steel).
This state was maintained for a predetermined time, and the showering tube was disassembled, and

the internal sguation wa:eaisinedt hartharl ddniheglipdseatkcampadsans atase wirrein no alkaline
earth metal 20 carbonate was used, was tested as a Comparative Example. The results are shown in
Table 1. PHYSICREFROPERTVES APV ARTRIALS USEont Nlkaliprecearth mets cafbonate:
Calcium carbonate, pulverized product of natural ore, Blaine value: 3,000 25 cm2/g  Water-soluble

acidic substance E&F BRHFinGH T Sfrard SEEHY IR I8 IniMePIBBRSE 80D EHYE g, EERRFdAN 36 product

Water-soluble acidic substance (B):.Qxalic.acid dihydrate, Blaine value: 500 ¢ , commercial
. hos orcalgad Xk (t)og]% [k?an.
product Calcium Sominate: ,&morp ous, CaSBods- 3 45%bi055 336}3, C8O/AIPES moldF ratio: 2.0,

vitrification ratio: 9§94, Blaine value: 6,000 cm2/9  Calcium sulfate: Natural anhydrite, Blaine value:
4,000 cm2/g, commercial product Alkali metal sulfate: Sodium sulfate, Blaine value: 10 2,000
cm2/g, commercial prodiet caQaltivm sydrxite: Blaiag ViakieandHoems 2@ commercial product
Water: Tap water MEASURING METHODS 15Blaine value: Measured in accordance with JIS R5201
Vitrification ratio: MezstrHL3ynRR DX -payndifffastont MERIOD FORVEVLUATON OF SLURRIED

CONDITIONS After the predetermined time shown in Table 1, the
preferably contains at least 80%, more preferably at

least 90%, of amorphous one, whereby the quick-setting
property is excellent.

15 The molar ratio of CaO/Al,0; in the calcium aluminate
is not particularly limited, but it is preferably within
a range of from 1.5 to 3.0, more preferably from 1.7 to
2.3. Outside this range, an excellent quick-setting
property may not sometimes be obtained.

20 The particle size or particle size distribution of
the calcium aluminate is not particularly limited, but
the Blaine value is preferably at least 3,000 cm®’/g, more
preferably at least 5,000 cm®/g, from the viewpoint of
the development of the initial strength. If the Blaine

25 value is less than 3,000 cm®’/g, an excellent quick-
setting property may not sometimes be obtained.

The calcium aluminate is preferably from 20 to 70



20 showering tube was disassembled, and the slurried condition was evaluated by the internal
inspection. The evaluation was carried out under the following standards. =~ @: No deposition of a
*solidified substance is observed. 25C): Deposition is partially observed, but all of six slurry quick-setting
admixture-adding holes are penetrating, and no clogging is observed. 37  Among six holes, at most
two are clogged. X: Among six holes, three or more are glogged. 39  From Table 1, it is evident
that when a blowing agent was used, it was possible to obtain the effect for preventing solidification of
the slurry. EXAMPRE B Amaaitanvas preadalked by emintpedmedthanans- & bleimd bi6 afeehwent/sand
of 1/3 and W/C (water/cement ratio) of 50%, and a water-reducing agent in an_amount of C (amount of
cement)x1.0%. RefativB%o R parQWbr the EEMEhRRH AATHEHEEA0 pSHs SidentdidR a5 Solid 10
content, of a slurr rﬂ“é%kéé‘itfggﬁ admixture g%q:etQavin%the E%;gdegn %uiclﬁ-sgttin aqcrqixtureghown in

C. ggg? e

1 A S e mes
Table 2 and the slurrying water Mixed 1n 4 mass ratio as mixéed, an the mixture was packed
into a framework cHe, protector pepetation gnistanee-yale yammieasuredata L (st gpient

temperature of 20C. Further, for the purpose of comparison, using 10 parts, as calculated as a solid
content, of axomfesnially availahle pauid fuickcseitipg aderduis; tie test a@stearged patinshe same
manner (Test No. 2-1). The results are shown in Table 2. 20 MATERIALS USED  Cement: Ordinary
portland cement, Ebmhidicizdprotiuet, speeifipgvadty: A6Lxt Saad: RMrsbtAd frbdgceckinge ,
Himekawa, Niigata prefecture, specific gravity: 2.62 25Water-reducing agent: Polycarboxylic acid type
high performance®RaftTeddGRG agBAC KoRfhéring pPFRREF gl aYicRLetiREFhREFeLe
Water-soluble 40 %Igmjnurg salt, pH 2.6, commercial product Water: Tap water MEASURING

METHOD PrG ec?olrrb%nétration resistance value: Measured in s accordance with JSCE

D-102-1999 (measuredratimateriad 20gs 253 nipytesand-15 pinyesk 4h WAL present

10 invention is used for the purpose of improving the quick-
setting property or development of the strength and is a
suitable substance to be used in a composition wherein an
acidic substance and a blowing agent are used in
combination, and it 1s different in effects from an

15 alkali metal-containing substance which has been used in
a conventional quick-setting admixture and which shows
alkalinity when dissolved in water. The alkali metal may,
for example, be an alkali metal element such as lithium,
sodium or potassium.

20 With respect to the particle size or particle size
distribution of the alkali metal sulfate, the Blaine
value is preferably at least 500 cm®/g, more preferably
at least 1,000 cm?’/g, from the viewpoint of development
of the initial strength. If the Blaine value is less

25 than 500 cm?/g, an excellent quick-setting property may
not sometimes be obtained.

The alkali metal sulfate is preferably within a
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range of from 2 to 30 parts, more preferably from 5 to 20
parts, in 100 parts of the powder quick-setting admixture.
Outside this range, an excellent quick-setting property
may not sometimes be obtained. Further, the alkali metal
sulfate is preferably within a range of from 2 to 50
parts, more preferably from 5 to 30 parts, in 100 parts
of the powder admixture. Outside this range, an
excellent quick-setting property may not sometimes be
obtained.

As elements to be contained, the liquid quick-
setting admixture of the present invention contains in
addition to aluminum and sulfur, if necessary, one or
more elements such as fluorine and an alkali metal.

A raw material to supply the aluminum element of the
present invention is not particularly limited, and may,
for example, be a compound such as amorphous or
crystalline aluminum hydroxide, an aluminum sulfate, an
aluminate, other inorganic aluminum compounds, an organic
aluminum compound or an aluminum complex. Among these
compounds, one or more may be used. In the present
invention, it is preferred to use an aluminum sulfate
which will also be a raw material to supply sulfur
element.

The raw material to supply the sulfur element of the
present invention is not particularly limited. It may,
for example, be elemental sulfur such as sulfur or

sublimed sulfur, a sulfide, sulfuric acid or a sulfate,
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sulfurous acid or a sulfite, thiosulfuric acid or a
thiosulfate, or an organic sulfur compound. Among them,
one or more may be used. Particularly preferred is
sulfuric acid or a sulfate, since the solubility in water
is high, the production cost is low, and the quick-
setting property is excellent. Among éulfates, a
compound which is an alum and which contains an aluminum
element and an alkali metal element, is more preferred.

The raw material to supply the fluorine element of
the present invention is not particularly limited so long
as it is soluble or dispersible in a solvent or water.

It may, for example, be hydrofluoric acid, an organic
fluorinated compound, a fluorinated salt, silicon
fluoride or borofluoride. Among them, one or more may be
used. Particularly, hydrofluoric acid, a fluoride,
silicon fluoride or borofluoride is, for example,
preferred, since it is free from a danger such as
toxicity or explosion, the production cost is low, and
the quick-setting property is excellent.

The raw material to supply the alkali metal element
of the present invention is not particularly limited. It
may, for example, be a water-soluble compound containing
an alkali metal element such as lithium, sodium,
potassium, rubidium or cesium. Among them, one or more
may be used. As such a compound, it is possible to use
an oxide, a peroxide, a chloride, a hydroxide, a nitrate,

a nitrite, a phosphate, a silicate, an aluminate, a
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sulfate, a thiosulfate, a persulfate, a sulfide, a
carbonate, a hydrogencarbonate, an oxalate, a borate, a
fluoride, a silicate, silicon fluoride, alum or a metal
alkoxide, of an alkali metal element. Among them, one or
more may be used.

Further, in order to improve the performance of the
liquid quick-setting admixture, it is possible to use an
alkanolamine. Further, in order to stabilize the
performance of the liquid quick-setting admixture for a
long period, it is possible to use an organic acid such
as an oxycarboxylic acid.

A method for mixing a raw material to supply an
aluminum element, a raw material to supply a sulfur
element, a raw material to supply a fluorine element and
a raw material to supply an alkali metal element, an
alkanolamine raw material and an oxycarboxylic acid raw
material, is not particularly limited.

The contents of the aluminum element, the sulfur
element, the fluorine element, the alkali metal element,
the alkanolamine and the oxycarboxylic acid in the liquid
quick-setting admixture are not particularly limited.
Per 100 parts of the sulfur element as calculated as SO0s,
it is preferred to contain from 25 to 110 parts of the
aluminum element as calculated as Al,0;, from 2 to 50
parts of the fluorine element, and from 2 to 50 parts of
the alkali metal element as calculated as R,O (wherein R

is an alkali metal element), and it is more preferred to

1

1
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contain from 30 to 70 parts of the aluminum element as
calculated as Al,0;, from 5 to 30 parts of the fluorine
element, and from 5 to 30 parts of the alkali metal
element as calculated as R;0. The reason for defining
the upper limits of the contents is that the viscosity of
the liquid tends to be high, or the long term stability
tends to be poor.

In a case where a raw material containing an alkali
metal element is used for the liquid quick-setting
admixture, the content of the alkali metal element in 100
parts of the liquid quick-setting admixture preferably
exceeds 1% as calculated as R;0 (wherein R is an alkali
metal element), more preferably at least 2%. The upper
limit of the content of the alkali metal element is at
most 5%.

From such a nature that various types of materials
are used in combination, the liquid quick-setting
admixture of the present invention may use those other
than the elements and components contained in the liquid
quick-setting admixture of the present invention, within
a range not to substantially deteriorate the effects of
the present invention.

Further, it is also possible to use a known water-
soluble hydration accelerator in combination with the
liguid gquick-setting admixture of the present invention.

The concentration of the solid content in the liquid

quick-setting admixture is preferably from 20 to 60%,



O PTO TT 9 . Calcium aluminate 1 T7155 EPT 317P TPO OPL LE9 5TTEO 85j9 99 P
9970 030 50 090 OL Water-soluble acidic substance (A) 9 8L ZELTEO TE

23
more preferably from 25 to 50%. If it is less than 20%,
an excellent quick-setting property may not sometimes be
obtained, and if it exceeds 60%, the viscosity of the
liquid tends to be high, and the pneumatic transportation
5 Dby a pump may sometimes tend to be poor.

The liquid quick-setting admixture of the present
invention is preferably acidic, and its pH is preferably
from 1 to 5, more preferably from 2 to 4.

The form of the liquid quick-setting admixture of

10 the present invention is liquid and includes one in the
form of a suspension. The size of the suspended
particles in the suspension is not particularly limited,
but it is preferably at most 5 pm, more preferably at
most 3 pum, from the dispersibility of the suspended

15 particles.

For the powder quick-setting admixture or powder
admixture, it is possible to use, in addition to the
materials used for the above-mentioned liquid quick-
setting admixture, calcium sulfate, calcium hydroxide

20 and/or aluminum hydroxide, an alkali metal carbonate, an
aluminate, a retarder, etc.

The calcium sulfate to be used in the present
invention, is used for the purpose of improving
development of the strength of the cured product. The

25 calcium sulfate may, for example, be anhydrite, gypsum
hemihydrate or gypsum dihydrate. Among them, one or more

may be used.



0 0'83993 EZO EO O OPO OSO0 31'00'8T 0 31 Alkaline earth metal carbonate 1 0T10
3 S'L0.0-cOST0030 00 'OTO OTO OTO OT 'OT

10

15

20

25

24

The form of crystal of the calcium sulfate is not
particularly limited, and an o-type gypsum hemihydrate, a
B-type gypsum hemihydrate, a I-type anhydrite, a II-type
anhydrite or a III-type anhydrite may, for example, be
used.

Further, the above calcium sulfate includes
naturally produced one, or stack gas desulfurization
gypsum or fluorogypsum obtained as an industrial
byproduct. The particle size of the calcium sulfate is
preferably at least 2,000 cmz/g, more preferably at least
3,000 cmz/g, by Blaine value, from the viewpoint of
development of the strength. The calcium sulfate is
preferably from 4 to 50 parts, more preferably from 8 to
30 parts, in 100 parts of the powder quick-setting
admixture. Outside this range, an excellent quick-
setting property may not sometimes be obtained. Further,
the calcium sulfate is preferably from 5 to 40 parts,
more preferably from 10 to 30 parts, in 100 parts of the
powder admixture. Outside this range, an excellent
quick-setting property may not sometimes be obtained.

In order to improve the quick-setting property or
the adhesion to the ground at the time of spraying,
calcium hydroxide and/or aluminum hydroxide may be
incorporated.

The calcium hydroxide includes quicklime or slaked
lime to be formed when carbide is hydrated. The reason

is such that water 1is used for cement concrete, and
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therefore, it is possible to use quicklime or the like
which forms calcium hydroxide in a large amount by a
reaction with water, or to use it in combination with
calcium hydroxide.

The form of crystal of calcium hydroxide is not
particularly limited.

Aluminum hydroxide is a substance represented by a
chemical formula of e.g. A1(OH); or AlO(OH) *nH,O0. The
aluminum hydroxide includes crystalline or amorphous one,
and either one may be used. However, it is preferred to
use amorphous aluminum hydroxide.

The powder of calcium hydroxide or aluminum
hydroxide is not particularly limited, but the Blaine
value is preferably at least 4,000 cm?’/g, more preferably
at least 8,000 cm?/g. If the Blaine value is less than
4,000 cm®/g, an excellent adhesion to the ground at the
time of spraying may not sometimes be obtained.

The calcium hydroxide and/or aluminum hydroxide is
preferably from 2 to 30 parts, more preferably from 3 to
20 parts, in 100 parts of the powder quick-setting
admixture. If the amount is less than 2 parts, no
adequate adhesion to the ground at the time of spraying
may be obtained, and if it exceeds 30 parts, the quick-
setting property or development of a long term strength
tends to be impaired. Further, the calcium hydroxide
and/or aluminum hydroxide is preferably from 2 to 30

parts, more preferably from 3 to 20 parts, in 100 parts
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of the powder admixture. If the amount is less than 2
parts, an excellent adhesion to the ground at the time of
spraying may not sometimes be obtained, and if it exceeds
30 parts, development of a long term strength may
sometimes be impaired.

In the present invention, in the powder quick-
setting admixture or the powder admixture, an alkali
substance such as an alkali metal carbonate or an
aluminate may be contained.

The retarder may, for example, be an oxycarboxylic
acid such as citric acid, tartaric acid, malic acid or
gluconic acid, or an alkali metal salt such as a sodium
or potassium salt of such an oxycarboxylic acid. They
may be used alone or in combination as a mixture of two
or more of them. Among them, from the viewpoint of
development of the strength, an oxycarboxylic acid and/or
an alkali metal salt of an oxycarboxylic acid is
preferred, and citric acid and/or an alkali metal salt of
citric acid is more preferred.

The amount of the retarder is preferably from 0.05
to 5 parts, more preferably from 0.1 to 2 parts, per 100
parts of the powder quick-setting admixture or the powder
admixture. Outside this range, the quick-setting
property or the adhesion to the ground at the time of
spraying may not sometimes be obtained.

Now, a method for using the slurry quick-setting

admixture of the present invention will be described.
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It is preferred to mix water and the powder quick-
setting admixture to obtain a slurry quick-setting
admixture immediately before addition of cement concrete,
with a view to improvement of the mixing property with

5 the cement concrete.

In the present invention, in order to adjust the
setting time, a retarder may be incorporated. In a case
where the amount of slurrying water to be mixed for the
slurry quick-setting admixture is small, for example, in

10 a case where the proportions of the slurrying water and
the powder quick-setting admixture are such that the mass
ratio of water and the powder quick-setting admixture is
from 30:70 to 40:60, if a retarder is incorporated, the
quick-setting property will be improved. The proportions

15 of water and the powder quick-setting admixture are
preferably from 40:60 to 60:40, more preferably from
45:55 to 55:45, by mass ratio. Outside this range, an
excellent quick-setting property or development of the
strength may not sometimes be obtained.

20 The amount of the slurry quick-setting admixture
comprising water and the powder quick-setting admixture
is preferably from 4 to 20 parts, more preferably from 6
to 12 parts, as calculated as the solid content, per 100
parts of cement concrete. If the amount is less than 4

25 parts, an excellent quick-setting property may not
sometimes be obtained, and if it exceeds 20 parts, no

further improvement in the quick-setting property will be
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obtained, and the amount of use becomes large, such being
economically undesirable.
Now, a method for using a quick-setting admixture
for spraying of the present invention will be described.
5 The quick-setting admixture for spraying of the
present invention is one obtained by mixing the liquid
quick-setting admixture and a powder admixture comprising
a blowing agent and calcium aluminate.
The proportions of the liquid quick-setting
10 admixture and the powder admixture of the present
invention are not particularly limited, but they are
preferably from 95:5 to 30:70, more preferably from 90:10
to 50:50, by mass ratio. Outside this range, an
excellent quick-setting property or development of
15 strength may not sometimes be obtained. In the present
invention, the amount of the liquid quick-setting
admixture means the amount as the liquid.
In the present invention, it is preferred to mix the
liquid quick-setting admixture and the powder admixture
20 to obtain a slurry immediately before addition to cement
concrete, with a view to improvement of the mixing
property with the cement concrete.
For example, in a case where the liquid quick-
setting admixture is added alone to cement concrete, the
25 neutralization resistance of the cured product may
sometimes be deteriorated. With a spray cured product

obtained by using a quick-setting admixture for spraying
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slurried by mixing the liquid quick-setting admixture and
the powder admixture as in the present invention, the
resistance against neutralization will be improved over
the neutralization resistance in a case where only the

5 liquid quick-setting admixture is used.

This is considered to be attributable to the fact
that the pH of slurry is readily adjusted to a neutral
region by the blowing agent such as a carbonate contained
in the powder admixture. With a view to improvement of

10 the resistance against neutralization, it is preferred to
mix the liquid quick-setting admixture and the powder
admixture to bring the pH upon expiration of one minute
from the mixing to a level of from 3 to 9, more
preferably from 4 to 6.

15 Accordingly, use of the powder admixture containing
a blowing agent, and the liquid quick-setting admixture
in combination, is not only effective for preventing
solidification of the slurry in the quick-setting
admixture-adding tool, but also effective for improvement

20 1in the sgpray cured product.

The amount of the quick-setting admixture for
spraying comprising the liquid quick-setting admixture
and the powder admixture of the present invention is not
particularly limited, but it is preferably from 5 to 25

25 parts, more preferably from 8 to 15 parts, per 100 parts
of cement. If the amount is less than 5 parts, the

quick-setting property may not sometimes be obtained, and



SZZe szj9 SZ0 SZ9 EZ9 OZ9 LT Alkaline earth metal carbonate 0 OT 0' OT O'OT O'OT 0
OT0O OTO OTO OTO OTO OTO OTO OTO OTO OT-1-Jco a)0 E-i Z8T-Z6T-Z OZ-Z

10

15

20

25

30
if it exceeds 25 parts, no further improvement in the
quick-setting property will be obtained, and the amount
tends to be large, such being economically undesirable.

As the tool for adding the quick-setting admixture
for spraying, any tool may be used so long as the
spraying performance will not substantially be
deteriorated in a case where the quick-setting admixture
is added to cement concrete. For example, Y-tube or an
inlet piece (hereinafter referred to also as a showering
tube) may, for example, be used. However, it is
preferred to use a showering tube, since the mixing
property with cement concrete will thereby be excellent,
and spraying will be possible with small compression air
amount. It is particularly preferred to use a tool (a
slurrying nozzle) to mix water or a liquid quick-setting
admixture with a powder quick-setting admixture or a
powder admixture to form a slurry prior to introduction
to the showering tube.

As the slurrying nozzle/showering tube to be used in
the present invention, one shown in Figs. 1 to 3 may, for
example, be used. A water or liquid quick-setting
admixture supply line 1 and a powder quick-setting
admixture or powder admixture supply line 2 are joined at
a slurrying nozzle 3, where the supplied raw materials
are mixed and slurried. Further, the slurried quick-
setting admixture is introduced into a showering tube 5

by a slurry quick-setting admixture inlet 4 and added to



TZ-Z ZZ-Z EZ-ZNZ-Z SZ-Z 9Z-Z |L.Z-Z 8Z-Z 6Z-Z OE-Z TE-Z 43 From Table 2, it is evident that
excellent quick- setting properties were obtained by using proper amounts of an alkaline earth metal
“carbonate, a water-soluble acidic substance, calcium aluminate, calcium sulfate, an alkali metal sulfate
and calcium hydroxide, etc. in the powder quick-setting admixture. EXAMPLE 3 A test was carried
out in the same manner as in Example 2 except that thgjmixing ratio of slurrying water 10 and the
powder quick-setting admixture of Test No. 2-6 in Example 2 was changed as shown in Table 3 to
obtain a slurry, agétsnsluagngisk-setting agnhiturrwagwilded s th angowttof £0ypeets as calculated
as a solid content per, 100 parts of the cement. In Test No. 3-2, the mass 15 ratio of slurry
water/powder quﬁﬁ@eﬂﬁl ftfre was the same as in Test No. 3-1, but a retarder was further used

in an amount of 0.6 paré é)er 100 Spacr{ts‘_iof th cf?uoringldﬁ{l a%glcg-osxettén admixture. ﬁle results are shown in

Table 3. 20 MATERIAL USED Rétardér: So T €, comm cﬁVﬁr%%u‘é’tl 'IbeLE 3 Mixing ratio

Protector penetraligndesiSINELHRIUe NP Test NG ol YHY g Rawderquicks

5 admixture-supply line 1 or from the powder quick-setting
admixture or powder admixture supply line 2. The amount
of the compressed air to be used for spraying is
preferably from 2 m’/min to 10 m?/min, more preferably
from 3 m’/min to 7 m®/min.

10 The showering tube 5 to be used in the present
invention may, for example, have a double structure
comprising an outer tube and an inner tube. The diameter
of the inner tube in which cement concrete is
pneumatically transported, is usually from about 1.0 to

15 3.5 inches, preferably from 2.5 to 3.2 inches, and the
inner tube has at least two slurry quick-setting
admixture-adding holes 6.

The number of slurry quick-setting admixture-adding
holes 6 of the inner tube is preferably from 2 to 15,

20 more preferably from 4 to 10. If the slurry quick-
setting admixture-adding hole 6 is only one, uniform
mixing of cement concrete with the slurry quick-setting
admixture may not be obtained, and an excellent adhesion
or dust-reducing property may not sometimes be obtained.

25 If the number of such holes is 16 or more, the slurry
quick-setting admixture-adding holes 6 may sometimes be

clogged.



water setting admixture 5 min 15 min LI1LfA0L/20Lf10L/1V)V)IDL/1L/1.41di019.714.3
17.327.3 13.4244 18.230.37ii)ty0in
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Further, the length of the showering tube 5 is not
particularly limited, but it is usually from about 5 to
50 cm, preferably from 20 to 40 m. Other dimensions, etc.
are not particularly limited.

The material of the showering tube 5 is not
particularly limited, but one made of metal, resin or
plastic may be used, or a combination of these materials
may also be used.

The shape of the slurry quick-setting admixture-
adding holes 6 to be used in the present invention is not
particularly limited. Further, it is also preferred to
provide them to be perpendicular to the flow of cement
concrete or to have an angle towards the outlet of the
cement concrete.

The total area of the slurry quick-setting
admixture-adding holes 6 is not particularly limited, but
it is preferably from 2 to 30 cm®, more preferably from 4
to 20 cm®. If it is less than 2 cm?, the slurry quick-
setting admixture-adding holes 6 may sometimes be clogged,
and if it exceeds 30 cm?’, uniform mixing of cement
concrete with the slurry quick-setting admixture tends to
be difficult, and an excellent adhesion or dust-reducing
performance may not sometimes be obtained.

The water or liquid quick-setting admixture for
slurrying of the present invention is heated within a
range of from 20°C to 90°C, preferably from 10°C to 50°C,

more preferably from 15°C to 45°C and then mixed with a



16.228.6 15.025.3 12.622.1 9.718.7 (In Test No. 3-2, 0.6 part of the retarder was further used
per 100 parts of the powder quick-setting admixture.) 5 (The mixing ratio represents a mass ratio.)

"From Table 3, it is evident that excellent quick- setting properties can be obtained by adjusting the ratio
of slurrying water and the powder quick-setting admixture io to be proper by mass ratio. In Test No. 3-1,
the amount of slurry water mixed was small, whereby shyrying was not adequate, and the quick-setting
property was low, but it is evident that the quick-setting property was improved in Test No. 3-2 wherein
the retarder was Ro&igi1 Srudmbiresibh I EX AMRLIR Jur eA eastpeasicarriedrolk e, same manner as
in Example 2 except that evaluation was carried out by mixing slurrying water and the powder

quick-setting 20 RERY oF 8N S5 B8R BExhhIB RS mbsS 1 P5f BB the slurry

quick-setting admixture;yas used In 45.3n ameunt sy in Table 485 Faley e fn A el

of the present invention is to be mixed with cement

5 concrete, it is preferred to carry out the mixing
immediately before spraying the slurry quick-setting
admixture. Specifically, the slurry quick-setting
admixture is added to pneumatically transported cement
concrete to obtain a quick-setting cement concrete. The

10 time until the quick-setting cement concrete is
discharged, is adjusted to be preferably within 5 seconds,
more preferably within 2 seconds.

The cement to be used in the present invention is

not particularly limited. For example, any one of

15 various types of portland cements such as early-strength,
ultrahigh-early-strength, moderate-heat and low-heat
cement, and various mixed cements having blast-furnace
slag, fly ash or limestone powder mixed to such portland
cements, may be used. In the mixed cements, the

20 proportions of such an additive and cement are not
particularly limited. Even one having an additive mixed
beyond the value stipulated in JIS may be used.

The amount of cement is not particularly limited,

but it is preferably at least 350 kg/m’, more preferably

25 at least 400 kg/m’, whereby development of the strength
will be excellent.

The percentage of W/C (water/cement ratio) of cement



content per 100 parts of the cement. In Test No. 4-2, the mass ratio of the slurrying water/powder
quick- setting admixture was the same as in Test No. 4-1, but 5 0.6 part of the retarder was further
“used per 100 parts of the powder quick-setting admixture. The results are shown in Table 4.
MEASURING METHOD Compression strength: Strength after 1 hour was io measured in accordance
with JIS R5201-2002. Further, the strength after 28 daysswas measured in accordance with JIS
R5201-2002 by aging in water at 20C. TABLE 4 Test No. Amount used Protector penetration

resistance value QOMTHREEorprEssdesabagthiRemnt) BomitP%5 minuchresdayabily 9 14.2

OOMHHOO . ... ... WLIHWMJIW 435 14.425.1 42.4
from 45 to 60%.

In the present invention, in addition to the above-

mentioned various materials and an aggregate such as sand
5 or gravel, a water-reducing agent, fiber, etc. may be
used in combination.

The water-reducing agent may be any known water-
reducing agent of ligninsulfonic acid type,
naphthalenesulfonic acid type or polycarboxylic acid type.

10 The amount of the water-reducing agent is preferably from
0.2 to 2.0%, more preferably from 0.5 to 1.5%, based on
the amount of cement.

The spraying method to a slope or tunnel according
to the present invention may be any spraying method of

15 dry or wet system, which is commonly employed. It is
particularly preferred to employ a wet spraying method,

whereby the amount of dust to be formed is little.

EXAMPLES

20 Now, the present invention will be described in
further detail with reference to Examples, but it should
be understood that the present invention is by no means
restricted thereto.

Further, Examples were all carried out at room

25 temperature (20°C) unless otherwise specified.

EXAMPLE 1

Water for slurrying and a powder quick-setting



16.2 28.6 40.5 .41 23.538.5 38.3 33.145.6 36.2 9.7 14.3 35.0 17.327.3 40.5 15 (The amount
used is the amount of the slurry quick-setting admixture used and represents parts (calculated as a
" solid content) per 100 parts of the cement. In Test

10

15

20

25

35

admixture comprising an alkaline earth metal carbonate, a
water-soluble acidic substance, calcium aluminate,
calcium sulfate, an alkali metal sulfate and calcium
hydroxide in the amounts as shown in Table 1, were joined
and mixed in a mass ratio of 50:50. The powder quick-
setting admixture was transported in a pneumatic
transportation amount of 5 kg/min together with air in an
amount of 4 m’/min by means of a pneumatic transportation
hose of 1 inch (2.54 cm). On the other hand, the water
for slurrying was pumped at a rate of 5 kg/min. The two
were joined and mixed at the slurrying nozzle (the one
shown in Figs. 1 and 2) and introduced in the form of a
slurry to the showering tube (the one shown in Figs. 1 to
3, hole size: diameter of 8 mm x 6 holes, inner diameter
of 3 inch (7.62 cm) x length of 30 cm, material: steel).
This state was maintained for a predetermined time, and
the showering tube was disassembled, and the internal
situation was confirmed. Further, for the purpose of
comparison, a case wherein no alkaline earth metal
carbonate was used, was tested as a Comparative Example.
The results are shown in Table 1.
PHYSICAL PROPERTIES OF MATERIALS USED

Alkaline earth metal carbonate: Calcium carbonate,
pulverized product of natural ore, Blaine value: 3,000
cm®/g

Water-soluble acidic substance (A): Aluminum sulfate

octahydrate, Blaine value: 1,000 cmz/g, commercial



No. 4-2, 0.6 part of the retarder was further used per 100 parts of the powder quick-setting admixture.)
20 From Table 4, it is evident that excellent quick-setting properties were obtained by adding the

" quick-setting admixture. In Test No. 3-1, the amount of 46 slurrying water mixed was small, whereby
slurrying was inadequate, and the quick-setting property or development of the long term strength was
low, but it is evident that the quick-setting property andibe development of the 5 long term strength
were improved in Test No. 3-2 wherein the retarder was used in combination. From the foregoing
Examples, the foH’é\ﬂﬁil’@CWas found. By using the powder quick-setting admixture comprising an alkaline
earth metal carbonate, a Water-soJau‘ﬂ%I% acidic, éo% substance, calcizm aluminate.and an alkali substance,

which forms bubbles in theHcidie SpIRSEGE thE PREAP IR enfior, it Wi ddssitfid  prevent
solidification in a ghgweriog é“beB?QQE%OQ@ﬁé _qu% sgﬁ]im&rl)roggm( (pi ea{lth n g%leu%%nventional
c

quick- 15 setting admixture. EXAMPLE 5 A powder admixturecomprising parts or calcium

aluminate, 20 parts of an alkalignatalsilfaie <20 ParsQhslciumsyatenand 10nars of aq glkaline

earth 20 metal carbonate, and the liquid quick-setting admixture shown in Table 1, were joined and
mixed in a mass &Hip el AThepawderradnixiuse veatransportefliatet tade of 3 tkjdminogether with
air in a pneumatic transportation amount of 4 m3/min by means of a pneumatic 25 transportation hose
of 1 inch, while tHELRGAE qurkUsttify AQMixEIYe @as pumped at a rate of 6 kg/min. The two were
joined and mixed at a slurrying nozzle (one 47 shown in Figs. 1 and 2). Then, the mixture was, in the

slurry form, introduced ¥ e Blow&mig e (a8 oredsho B gE S tP3 318 12 8%vm in
diameter x 6 holezf,, H}p@r g‘;@r}?ter(péﬁd %H?n%tpﬁgg cm, 5 material: steel). For a predetermined
| n'the sho

time, this state was maintainéd, ‘and the ering tube was disassembled, and the internal

situation was confirmedfiiyihernfor she pUtPPseof caspRaNzPN: A1CESeIVhesel; R alkgling earth metal
carbonate was used, and a case io wherein calcium hydroxide was used, were tested as Comparative

Examples. The results @remshogn inchatle 5i MATERIMLGEUSED  Calcium aluminate: Amorphous
composition of 12Ca0. 7AI203, Blaine value: 6,000 cm2/g. 15Alkali metal sulfate: Sodium sulfate,
Blaine value: at least 1806dmp/ghenprddrl prBdadme calkiien stfateONagwal anhydrite, Blaine
value: 4,000 cm2/g, commercjal product Alkaline earth metal carbonate: Calcium carbonate, 20
Blaine value: 3,060 RS dmMERT Troduct  Calcium hydroxide: Blaine value: 12,000 cm2/g,
commercial product 'gléig :qui?lé-gegiélgeqdmixture (ED: Al203: 8.0%, S03: 18.8%, Na20: 0%, pH
2.3, aluminum sulfate solution, soli

MEASURING METHODS
15 Blaine value: Measured in accordance with JIS R5201
Vitrification ratio: Measured by XRD (X-ray
diffraction)
METHOD FOR EVALUATION OF SLURRIED CONDITIONS
After the predetermined time shown in Table 1, the
20 showering tube was disassembled, and the slurried
condition was evaluated by the internal inspection. The
evaluation was carried out under the following standards.
©: No deposition of a solidified substance is
observed.
25 O: Deposition is partially observed, but all of six
slurry quick-setting admixture-adding holes are

penetrating, and no clogging is observed.



25 content concentration: 26.8%, commercial product. Aluminum is contained in an amount of 42.6

. parts as calculated as Al203 per 100 parts of sulfur as calculated 48 as S03.  Liquid quick-setting
admixture (E2): Al203: 8.0%, S03: 18.8%, Na20: 3.0%, pH 2.9, an aluminum sulfate solution, wherein
powder aluminum sulfate and sodium 5 carbonate were mixed in predetermined amounts and
dissolved at 80C. Solid content concentration: 26.8%, thé aluminum element is contained in an amount

of 42.6 parts as calculaged as Al203 per 1 Ogl?rts of the sulfgr glement as ilculat d as 503, and the
alkali metal io element 8 tortIRES i &% aRToUTT of 16 p%?t% as Caiciiafedas’RI6 Qwherein R is an

alkali metal element). '.—iq%MH&@%E“%?Q@jxt\ﬂ?&@)b@%{?&é-Oa%es%%io@g%"él Na20: 3.0%, F:
3.0%, pH 2.7, an aluminum sulfate solution wherein powder aluminum sulfate, sodium Is carbonate and
hydrofluoric acid were mixed in predetermined amounts and dissolved at 80C. Solid content
concentration: 26.8%, comprising 42.6 parts as calculated as Al203 of the aluminum element, 16 parts
of fluorine, and 16 parts as calculated as R20 (wherein R is 20 an alkali metal element) of the alkali
metal element, per 100 parts of the sulfur element as calculated as S03. MEASURING METHODS

pH: Measured by using a pH meter (manufactured by HORIBA, Ltd.) 25Blaine value: Measured in
accordance with JIS R5201 METHOD FOR EVALUATION OF SLURRIED CONDITIONS After the
predetermine time shown in Table 1, the 49 showering tube was disassembled, and the slurried
condition was inspected by the internal observation. The evaluation was carried out under the following
standards. go): No deposition of a solidified substance is 5 observed. = Ch Deposition is partially
observed, but all of six slurry quick-setting admixture-adding holes are penetrating, and no clogging is
observed. A: Among six holes, at most two are clogged. 10X: Among six holes, three or more are
clogged. 50 Notes 'Xa .dulop! -DcH *dmop Xa
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From Table 1, it is evident that when a blowing
agent was used, it was possible to obtain the effect for
preventing solidification of the slurry.

EXAMPLE 2
5 A mortar was prepared by using cement having a blend
ratio of cement/sand of 1/3 and W/C (water/cement ratio)
of 50%, and a water-reducing agent in an amount of C
(amount of cement)x1.0%. Relative to 100 parts of the
cement in this mortar, 10 parts, as calculated as a solid
10 content, of a slurry quick-setting admixture (one having
the powder quick-setting admixture shown in Table 2 and
the slurrying water mixed in a mass ratio of 50:50) was
mixed, and the mixture was packed into a framework. The
protector penetration resistance value was measured at a
15 test ambient temperature of 20°C. Further, for the
purpose of comparison, using 10 parts, as calculated as a
solid content, of a commercially available liquid quick-
setting admixture, the test was carried out in the same
manner (Test No. 2-1). The results are shown in Table 2.
20 MATERIALS USED

Cement: Ordinary portland cement, commercial
product, specific gravity: 3.16

Sand: River sand produced in Himekawa, Niigata
prefecture, specific gravity: 2.62

25 Water-reducing agent: Polycarboxylic acid type high
performance water-reducing agent, commercial product

Liquid quick-setting admixture: Water-soluble



[(c) HOO (¢)0(c)(c)(c)19(c)(c)(c)(c)I(c)l(c) -HOCDCDCDCDI OCDOCDO

40
aluminum salt, pH 2.6, commercial product
Water: Tap water
MEASURING METHOD
Protector penetration resistance value: Measured in
5 accordance with JSCE D-102-1999 (measured at material

ages of 5 minutes and 15 minutes) .
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From Table 2, it is evident that excellent quick-
setting properties were obtained by using proper amounts
of an alkaline earth metal carbonate, a water-soluble
acidic substance, calcium aluminate, calcium sulfate, an
5 alkali metal sulfate and calcium hydroxide, etc. in the
powder quick-setting admixture.
EXAMPLE 3
A test was carried out in the same manner as in
Example 2 except that the mixing ratio of slurrying water
10 and the powder quick-setting admixture of Test No. 2-6 in
Example 2 was changed as shown in Table 3 to obtain a
slurry, and the slurry quick-setting admixture was added
in an amount of 10 parts as calculated as a solid content
per 100 parts of the cement. In Test No. 3-2, the mass
15 ratio of slurry water/powder quick-setting admixture was
the same as in Test No. 3-1, but a retarder was further
used in an amount of 0.6 part per 100 parts of the powder
quick-setting admixture. The results are shown in Table
3.
20 MATERIAL USED

Retarder: Sodium citrate, commercial product
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TABLE 3
Protector penetration
Mixing ratio resistance value
(N/mm?)
Test No. Powder
Slurrying qulck— 5 min 15 min
water setting
admixture
3-1 35 65 9.7 14.3
3-2 35 65 17.3 27.3
3-3 40 60 13.4 24 .4
3-4 45 55 18.2 30.3
2-6 50 50 16.2 28.6
3-5 55 45 15.0 25.3
3-6 60 40 12.6 22.1
3-7 65 35 9.7 18.7

(In Test No. 3-2, 0.6 part of the retarder was further
used per 100 parts of the powder quick-setting
admixture.)

5 (The mixing ratio represents a mass ratio.)

From Table 3, it is evident that excellent quick-
setting properties can be obtained by adjusting the ratio
of slurrying water and the powder quick-setting.admixture

10 to be proper by mass ratio. In Test No. 3-1, the amount
of slurry water mixed was small, whereby slurrying was
not adequate, and the quick-setting property was low, but
it is evident that the quick-setting property was
improved in Test No. 3-2 wherein the retarder was used in

15 combination.

EXAMPLE 4

A test was carried out in the same manner as in
Example 2 except that evaluation was carried out by
mixing slurrying water and the powder quick-setting

20 admixture of Test No. 2-6 in Example 2 in a mass ratio of

50:50, and the slurry quick-setting admixture was used in



8-56-5 OT-S IT-5 ZT-5 EI -S VT-5 ST-S 51 From Table 5, it is evident that when the alkaline earth
metal carbonate was used, the effect to prevent solidification of the slurry was obtained. EXAMPLE 6

" 5A mortar was prepared by using cement having a blend ratio of cement/sand of 1/3 and W/C
(water/cement ratio) of 50%, and a water-reducing agent in an amount of C (amount of cement)x1.0%.
Relative to 100 parts of the cement in this mortar, 12 pagts of a slurried quick- 10 setting admixture for
spraying (one having the powder quick-setting admixture and the liquid quick-setting admixture shown
in Table 6, mixediih MR8 YassoVR: 13vaBapb@ds ans tiva hlpt wds pacRedintd @ framework. The
protector penetration resistance value was measured 15 at a test ambient temperature of 20C. The

results are showfAF TR EMATERIRES USES thee8REWrdind) pitfiind'@eméit commercial

product, specificé;krl%vig(‘;:1 §-316r%9;§%”do: #?i\é rsal ug:rgd G d inaHgn% kao\% el\%iiq%al 8{<e_fecture, specific
gravity: 2.62 Water-reducing agent: Polycarboxylic acid type high pérformance water-reducing agent,

commercial produgl Walef: 1amalehed MEASHRINGIMEIEQR Pratectqipengtration fgsistance

value: Measured in accordance with JSCE D-102-1999 (measured at material 52 ages of 5 minutes
and 15 minwes).0.6 part of the retarder was further used per 100 parts

of the powder quick-setting admixture. The results are
shown in Table 4.
MEASURING METHOD
Compression strength: Strength after 1 hour was
10 measured in accordance with JIS R5201-2002. Further, the
strength after 28 days was measured in accordance with

JIS R5201-2002 by aging in water at 20°C.

TABLE 4
Protector
Amount penetration Compression
Test No. resistance value strength (N/mm?)
used 5
(N/mm*)
5 min 15 min 1 hr 28 days
4-1 4 10.9 14.2 0.3 43.5
4-2 6 14 .4 25.1 0.7 42 .4
2-6 10 16.2 28.6 1.2 40.5
4-3 12 23.5 38.5 1.5 38.3
4-4 20 33.1 45.6 2.1 36.2
3-1 10 9.7 14.3 0.5 35.0
3-2 10 17.3 27.3 0.3 40.5
15 (The amount used is the amount of the slurry quick-

setting admixture used and represents parts (calculated
as a solid content) per 100 parts of the cement. In Test
No. 4-2, 0.6 part of the retarder was further used per
100 parts of the powder quick-setting admixture.)

20

From Table 4, it is evident that excellent quick-
setting properties were obtained by adding the quick-

setting admixture. In Test No. 3-1, the amount of



TABLE 6 Test No. Liquid quick-setting admix ture Ratios of raw materials constituting powder
quick-setting admixture Protector penetration resist- ance value (N/mm2) Alkaline earth metal

" carbonate Calcium aluminate Alkali metal sulfate Calcium sulfate 5 min 15 min H Nrn .14 LI) [eCO | ?D
(E3) 1.0 55.0 22.0 22.0 22.7 35.6 (E3) 2.054.421.821.8
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slurrying water mixed was small, whereby slurrying was
inadequate, and the quick-setting property or development
of the long term strength was low, but it is evident that
the quick-setting property and the development of the

5 long term strength were improved in Test No. 3-2 wherein
the retarder was used in combination.

From the foregoing Examples, the following was found.

By using the powder quick-setting admixture comprising an
alkaline earth metal carbonate, a water-soluble acidic

10 substance, calcium aluminate and an alkali substance,
which forms bubbles in the acidic atmosphere of the
present invention, it was possible to prevent
solidification in a showering tube and to obtain a quick-
setting property higher than the conventional quick-

15 setting admixture.
EXAMPLE 5

A powder admixture comprising 50 parts of calcium

aluminate, 20 parts of an alkali metal sulfate, 20 parts
of calcium sulfate and 10 parts of an alkaline earth

20 metal carbonate, and the liquid quick-setting admixture
shown in Table 1, were joined and mixed in a mass ratio
of 2:1. The powder admixture was transported at a rate
of 3 kg/min together with ‘air in a pneumatic
transportation amount of 4 m’/min by means of a pneumatic

25 transportation hose of 1 inch, while the liquid quick-
setting admixture was pumped at a rate of 6 kg/min. The

two were joined and mixed at a slurrying nozzle (one
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shown in Figs. 1 and 2). Then, the mixture was, in the
slurry form, introduced to the showering tube (the one
shown in Figs. 1 to 3, hole size: 8 mm in diameter x 6
holes, inner diameter of 3 inch x length of 30 cm,
material: steel). For a predetermined time, this state
was maintained, and then the showering tube was
disassembled, and the internal situation was confirmed.
Further, for the purpose of comparison, a case wherein no
alkaline earth metal carbonate was used, and a case
wherein calcium hydroxide was used, were tested as
Comparative Examples. The results are shown in Table 5.
MATERIALS USED

Calcium aluminate: Amorphous composition of 12CaO-
7A1,0;, Blaine value: 6,000 cm?/g.

Alkali metal sulfate: Sodium sulfate, Blaine wvalue:
at least 1,000 cm?/g, commercial product

Calcium sulfate: Natural anhydrite, Blaine wvalue:
4,000 cm®/g, commercial product

Alkaline earth metal carbonate: Calcium carbonate,
Blaine value: 3,000 cn@/g, commercial product

Calcium hydroxide: Blaine value: 12,000 cm?/g,
commercial product

Liquid quick-setting admixture(El): Al,03;: 8.0%, SO;:
18.8%, Na,0: 0%, pH 2.3, aluminum sulfate solution, solid
content concentration: 26.8%, commercial product.
Aluminum is contained in an amount of 42.6 parts as

calculated as Al,0; per 100 parts of sulfur as calculated



14.4 23.4 (E3) 30.0 38.8 15.6 15.6 15.2 27.6 (E3) 50.027.811.111.1 13.424.6 (E3) 60.022.28.9
8.911.6 16.4 6-9 (E3) 14.0 30.0 28.0 28.0
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as SO0s;.
Liquid quick-setting admixture (E2): Al,0;: 8.0%,
SO;: 18.8%, Nap0: 3.0%, pH 2.9, an aluminum sulfate
solution, wherein powder aluminum sulfate and sodium

5 carbonate were mixed in predetermined amounts and
dissolved at 80°C. Solid content concentration: 26.8%,
the aluminum element is contained in an amount of 42.6
parts as calculated as Al,0; per 100 parts of the sulfur
element as calculated as S0;, and the alkali metal

10 element is contained in an amount of 16 parts as
calculated as R,0 (wherein R is an alkali metal element).

Liquid quick-setting admixture (E3): Al,03;: 8.0%,

SO;: 18.8%, NayO: 3.0%, F: 3.0%, pH 2.7, an aluminum
sulfate solution wherein powder aluminum sulfate, sodium

15 carbonate and hydrofluoric acid were mixed in
predetermined amounts and dissolved at 80°C. Solid
content concentration: 26.8%, comprising 42.6 parts as
calculated as Al,0; of the aluminum element, 16 parts of
fluorine, and 16 parts as calculated as R;0 (wherein R is

20 an alkali metal element) of the alkali metal element, per
100 parts of the sulfur element as calculated as SO;.
MEASURING METHODS

pH: Measured by using a pH meter (manufactured by

HORIBA, Ltd.)

25 Blaine value: Measured in accordance with JIS R5201
METHOD FOR EVALUATION OF SLURRIED CONDITIONS

After the predetermine time shown in Table 1, the



14.3 25.5 6-10 (E3) 12.0 40.0 24.0 24.0 16.3 28.2 6-11 (E3) 8.0 60.0 16.0 16.0 23.4 37.2 6-12 (E3) 6.0
70.012.012.0 28.5 36.5 6-13 (E3) 12.361.2 2.0 24.5
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showering tube was disassembled, and the slurried
condition was inspected by the internal observation. The
evaluation was carried out under the following standards.
©: No deposition of a solidified substance is
5 observed.

O: Deposition is partially observed, but all of six
slurry quick-setting admixture-adding holes are
penetrating, and no clogging is observed.

/A : BAmong six holes, at most two are clogged.

10 X': Among six holes, three or more are clogged.



™
©
%)
E . 3
© H d dwopy :-xg -dwop
ut jussaxd syl Jo sordwexyg :-°x§ ‘ordwexy SATleIE
M__u uoT3uSAUT 3 q ("oanaxTwpe Hurjjzss-yoInb nm@Bomeﬂuoﬁmvowwmmw
% 00T ut saxed jusssadsa sanjixIwpe Burjjss-yoInb xsmod PUTIN]TISUOCD STeTISJRW Amwv .mH ;
. . - - §°¢2C9 S°CT -
® x2 (0|00 ]Oo] O sz . a1
- - - €°¢€8 L'9T (gd)
N xa [0 © |0 | 0|0 s
= - : T'TI 8°LT 0s (ed)
: © T°TT
o x1 | © | 0|0 ]| 0O v e
N 'xd | O | © | © | ©| © - € €T € €T v ee 0% (eH
S - : : 8°8¢ (o}3 (ed) IT-S
o 'xd | © | ©O| ©| ©| © 9°6T 9°6T
%. ‘XH O O © © © - T°TC T TC 8°'CS =} (€d) 0T-9
o xa | O O] O | © | © - 8 12 8°1¢C AR AT z (€d) 6-9
< 'xda | VO] O | O] © - zze ze ss T (€4) 8-S
3 - 0c 0c 0s 0T (zd) L-S
5 - S S c S c (14) 9-9
o © - oc ()4 0a OT
n o 'xd | ©O | © | © | © 5 -
= " - G - 09 0T (€
o "XH © © © © © e ——
o 0 - - - 06 OT
a_uo:w = 2 2 = = 2 (o) 0s 0T (ed) €-9
3@ x | © 10| 0|00 - 0T =
Ly Al xlv|lololo 01 0z 0z 05 - (€3)
N o - dwo)
— 0 -
2% xa - 22z 22z 9° 55 - (€d) I-5
Q o duon | VOO | O | ©
P > 23rUOqIRD
o™ 23eJIINns
Q B UTW [ UTW | UTW | UTW | UTW | SPTIXOIPAY | 93 IINS s3rUTWNT® Te3suw S —
' ' ' ’ Teaauw J1eo
o~ 09| s¥| og| sI S| wWnISTED |WNIDTED | oo | WRTOTED gmu:m putiyzes| ‘oN
0 ' SUTT b
5 d -3o1Inb | 3saL
N ©
N °qn3 butismoys o3ul aanjxtupe burigzss-yoInb pInbT]
H__ % §930N Azants butonpoijut Jopmod PUT3IN3T3SUOD STETISjeWl MBI JO SOT3eRY
™ < JI0J SWTI3 [e30L
= M._ S HITdY.L
ALY
Y
©
N o
K]
MmO
U
o -
—m




24.4 33.2 6-18 (E3) 11.3 56.2 22.5 10.0 23.2 34.8 6-19 (E3) 8.8 43.7 17.5 30.0 21.2 29.1 6-20 (E3) 7.5
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From Table 5, it is evident that when the alkaline
earth metal carbonate was used, the effect to prevent
solidification of the slurry was obtained.
EXAMPLE 6

A mortar was prepared by using cement having a blend
ratio of cement/sand of 1/3 and W/C (water/cement ratio)
of 50%, and a water-reducing agent in an amount of C
(amount of cement)x1l.0%. Relative to 100 parts of the
cement in this mortar, 12 parts of a slurried quick-
setting admixture for spraying (one having the powder
quick-setting admixture and the liquid quick-setting
admixture shown in Table 6, mixed in a mass ratio of 2:1)
was mixed, and the mixture was packed into a framework.
The protector penetration resistance value was measured
at a test ambient temperature of 20°C. The results are
shown in Table 6.
MATERIALS USED

Cement: Ordinary portland cement, commercial
product, specific gravity: 3.16

Sand: River sand produced in Himekawa, Niigata
prefecture, specific gravity: 2.62

Water-reducing agent: Polycarboxylic acid type high
performance water-reducing agent, commercial product

Water: Tap water
MEASURING METHOD

Protector penetration resistance value: Measured in

accordance with JSCE D-102-1999 (measured at material



21.4 34.4 (Ratios of raw materials constituting power quick-setting 5 admixture represent parts in 100
parts of the powder quick-setting admixture. In Test No. 6-21, 10.0 parts of calcium hydroxide is further
“contained in power admixture.) loFrom Table 6, it is evident that excellent quick- setting properties were
obtained by using proper amounts of an alkaline earth metal carbonate, calcium aluminate, 53 an alkali
metal sulfate and calcium sulfate in the power admixture2 EXAMPLE 7 A test was carried out in the
same manner as in 5 Example 6 except that evaluation was carried out by using the liquid quick-setting
admixture (E3) af@fe fowdertditix&ie 3T edBNBLBE R )xample 5, and using the slurried
quick-setting admixture for spraying in the ratio shown in Table 7. The results are shown in Table 7. 10
TABLE 7 Mixing ratio Protector penetration resistance value Test No. (N/mmz2) Notes "

TABLE 6
Protector
penetra-

. . Ratios of raw materials constituting |tion
Liquid . . . .
quick- powder quick-setting admixture resist-

Test setting ance value
No. . (N/mm?)
admix- ;
ture Alkaline Alkali
earth Calcium Calcium |5 15
, metal . ,
metal aluminate sulfate | min min
sulfate

carbonate
6-1 (E3) 1.0 55.0 22.0 22.0 22.7 | 35.6
6-2 (E3) 2.0 54 .4 21.8 21.8 21.2 | 33.4
6-3 (E3) 5.0 52.8 21.1 21.1 19.5 1 31.2
5-3 (E3) 10.0 50.0 20.0 20.0 18.3 | 30.5
6-4 (E1) 10.0 50.0 20.0 20.0 9.4 15.3
6-5 (E2) 10.0 50.0 20.0 20.0 14.4 | 23.4
6-6 (E3) 30.0 38.8 15.6 15.6 15.2 | 27.6
6-17 (E3) 50.0 27.8 11.1 11.1 13.4 | 24.6
6-8 (E3) 60.0 22.2 8.9 8.9 11.6 | 16.4
6-9 (E3) 14.0 30.0 28.0 28.0 14.3 | 25.5
6-10 (E3) 12.0 40.0 24.0 24 .0 16.3 | 28.2
6-11 (E3) 8.0 60.0 16.0 16.0 23.4 |1 37.2
6-12 (E3) 6.0 70.0 12.0 12.0 28.5 | 36.5
6-13 (E3) 12.3 61.2 2.0 24 .5 19.7 | 32.2
6-14 (E3) 11.9 59.3 5.0 23.8 21.2 | 34 .4
6-15 (E3) 8.8 43 .7 30.0 17.5 17.2 [ 30.3
6-16 (E3) 6.3 31.2 50.0 12.5 14.0 | 26.2
6-17 (E3) 11.9 59.3 23.8 5.0 24 .4 | 33.2
6-18 (E3) 11.3 56.2 22.5 10.0 23.2 |1 34.8
6-19 (E3) 8.8 43 .7 17.5 30.0 21.2 |1 29.1
6-20 (E3) 7.5 37.5 15.0 40.0 15.4 | 26.1
6-21 (E3) 9.0 45.0 18.0 18.0 21.4 | 34 .4

(Ratios of raw materials constituting power quick-setting

5 admixture represent parts in 100 parts of the powder
quick-setting admixture. In Test No. 6-21, 10.0 parts of
calcium hydroxide is further contained in power
admixture.)

10 From Table 6, it is evident that excellent quick-
setting properties were obtained by using proper amounts

of an alkaline earth metal carbonate, calcium aluminate,



Liquid quick- Power

10

15

setting admixture admixture 5 min 15min 7-110004.99.7 Comp.  Ex.

53
an alkali metal sulfate and calcium sulfate in the power
admixture.

EXAMPLE 7

A test was carried out in the same manner as in
Example 6 except that evaluation was carried out by using
the liquid quick-setting admixture

(E3) and the powder

admixture of Test No. 5-3 in Example 5, and using the

slurried quick-setting admixture for spraying in the

ratio shown in Table 7. The results are shown in Table 7.

TABLE 7
Protector
Mixing ratio pengtratlon
resistance value
2
Test No. - " (N /mm”) Notes
Liquid
quick- Power . .
setting admixture > min 15 min
admixture
7-1 100 0 4.9 9.7 Comp .
Ex.
7-2 95 5 7.1 13.6 Ex.
7-3 90 10 9.9 15.7 Ex.
5-3 67 33 18.3 30.5 Ex.
7-4 50 50 20.3 32.2 Ex.
7-5 30 70 16.7 26.7 Ex.

(The mixing ratio represents a mass ratio.)

From Table 7, it is evident that excellent quick-
setting properties were obtained by adjusting the ratio
of the liquid quick-setting admixture and the powder
admixture to be proper by mass ratio.

EXAMPLE 8



571136 109.915.7 L) 3318.330.5 5020.332.2 7016.726.7 (The mixing ratio represents a
_mass ratio.) From Table 7, it is evident that excellent quick-
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Using the liquid quick-setting admixture (E3) and
the powder admixture of Test No. 5-3 in Example 5, a
slurry was prepared by mixing in a ratio shown in Table 8,
and the pH upon expiration of 1 minute from the mixing
5 was measured by a litmus paper. The results are shown in
Table 8.
EVALUATION METHOD
pH: The liquid quick-setting admixture and the
powder admixture were mixed, and the pH after stirring
10 for 1 minute was measured by means of a litmus paper

manufactured by Toyo Roshi Kaisha, Ltd.

TABLE 8

Mixing ratio
Test No. Liquid QUle‘ Powder pH

setting .

) admixture
admixture

8-1 95 5 3
8-2 90 10 4
8-3 67 33 6
8-4 50 50 6
8-5 30 70 7

(The mixing ratio represents a mass ratio.)

15

From Table 8, it is evident that by adjusting the

ratio of the liquid quick-setting admixture and the
powder admixture to be proper by mass ratio, the pH upon
expiration of 1 minute from the mixing of the liquid

20 quick-setting admixture and the powder admixture, would
be within a range of from 3 to 9.

EXAMPLE 9



15 setting properties were obtained by adjusting the ratio of the liquid quick-setting admixture and the
_powder admixture to be proper by mass ratio. EXAMPLE 8 54 Using the liquid quick-setting
admixture (E3) and the powder admixture of Test No. 5-3 in Example 5, a slurry was prepared by
mixing in a ratio shown in Table 8, and the pH upon expiration of 1 minute from the mixing 5 was
measured by a litmus paper. The results are shown in §gble 8. EVALUATION METHOD pH: The liquid
quick-setting admixture and the powder admixture were mixed, and the pH after stirring io for 1 minute
was measured by meahste? 8lithRE fevet ARthuPadtufel B Foye ROshPRAISKaAStd1FABLE 8 Test No.
Mixing ratio p H Liqalljid guick- settin admﬂxture Powder admixture 8-1 9553 8-2 98 10 4 8-3
Example 6 except that evaluation was carried out by using
the gquick-setting admixture for spraying obtained by
mixing the liquid quick-setting admixture (E3) and the
5 powder admixture of Text No. 5-3 in Example 5 in a mass
ratio of 2:1, followed by slurrying, in an amount shown

in Table 9 relative to 100 parts of the cement.

TABLE 9
Protector penetration
Test No. Amount used resistance value (N/mm®)
5 min 15 min
9-1 5 3.2 5.5
9-2 8 6.4 10.9
5-3 12 18.3 30.5
9-3 15 28.4 41.2
9-4 25 36.2 50.3
10 (The amount used is the amount of the slurried quick-

setting admixture for spraying used and represents parts
per 100 parts of the cement.)

From Table 9, it is evident that excellent quick-
15 setting properties were obtained by adding the quick-
setting admixture.
EXAMPLE 10
A mortar was prepared by using cement having a blend
ratio of cement/sand of 1/3 and W/C (water/cement ratio)
20 of 50%, and a water-reducing agent in an amount of Cx1.0%.
Relative to 100 parts of the cement in the mortar, the
liquid quick-setting admixture (E3) and the powder
admixture Qf Test No. 5—3_in Example 5 were mixed in a

weight ratio of 2:1 and slurried. Then, 12 parts of the



67 33 6 8-4 50 50 6 8-5 30 70 7 (The mixing ratio represents a mass ratio.) 15

From Table 8,

itis

evident that by adjusting the ratio of the liquid quick-setting admixture and the powder admixture to be
" proper by mass ratio, the pH upon expiration of 1 minute from the mixing of the liquid 20 quick-setting
admixture and the powder admixture, would be within a range of from 3 to 9. EXAMPLE 9 55
was carried out in the same manner as in Example 6 e%eéept that evaluation was carried out by using
the quick-setting admixture for spraying obtained by mixing the liquid quick-setting admixture (E3) and
the 5 powder adriiktE bFF NGRS Z5h BERPn AEBIT AirRsE PXiFBF2Y RflioWRE MZiGHying, in an
amount shown in T%)I%gée!%i;é%&o 100 parts of th%chmegt.a;I'AfBLE 9 Tesﬁ,l\lqcﬁé%ount u&egt

Protector penetraaflon resistance vafuee(m rﬁnﬁ?c}gemln miR9-15 " or

10

15

20

n age
a test ambient temperature of 20°C for 1 day and then
taken out from the framework to obtain a cured product.
The obtained cured product was aged in water of 20°C for
28 days and then dried for 7 days in an environment of
20°C under relative humidity of 60%. Then, an
accelerated neutralization test was carried out. Further,
for the purpose of comparison, the evaluation was carried
out with respect to a cured product obtained by using
only the liquid quick-setting admixture. The results are
shown in Table 10.
MEASURING METHOD

Accelerated neutralization test: The acceleration
neutralization test was carried out in an environment at
a temperature of 30°C under relative humidity of 60% at a
CO, concentration of 5%. At the prescribed material ages,
the cured product to be subjected to the test (4x4x16 cm)
was cut, and phenolphthalein was sprayed on the cut

surface to ascertain the neutralized depth.

A test



3.2559-286

4 10.95-312 18.330.59-31528.441.2 9-4 25 36.2 50.3 lo (The amount used is the

amount of the slurried quick-setting admixture for spraying used and represents parts per 100 parts of

“the cement.)

From Table 9, it is evident that excellent quick-15 setting properties were obtained by

adding the quick-setting admixture. EXAMPLE 10 A mortar was prepared by using cement having a

blend ratio of ¢

ement/sand of 1/3 and W/C (water/cement ratio) 20 of 50%, and a water-reducing agent

in an amount of Cx1.0%. Relative to 100 parts of the cement in the mortar, the liquid quick-setting
admixture (E3) ah@Bi&paWder admixture of Test No. 5-3 in Example 5 were mixed in a weight ratio of

2:1 and slurriedf Then, TZ"parts of the[ bErfiraed auick-SeTiag adrixare HoiRRsaung vas mixgd, and
the mixture wag packed|into a framewpg tagl;aged at a tgstgpybient temperature of 20C for 1 day

and then taken

out from| (RERAarREwork 10 abtpin acived prioduct. 5 The obtained cured product|was
aged in water of 2% Yo 28-#8ls and thengdsied for 7 days jn an environment|of 20C unggsyglatve
humidity of 60%. T¥&n, ﬁ%lé’éé!égated pedializatiog jest was carried out Further8for the purpose of
comparison, the evaluali GRS edfe0, o 1t ralization | "EEKS | weeks | weeks
test (N/mm?)
Liquid
quick- Comp
10-1 | setting 49.7 4.3 7.5 13.1 )
. Ex.
admixture
only
Slurry
10-2 | quicks 45.7 3.6 | 6.1 | 9.8 | Ex.
setting
admixture

10

15

(Each quick-setting admixture was used in an amount of 12
parts to cement.)

From Table 10, it is evident that by using a
slurried quick-setting admixture for spraying obtained by
mixing the liquid quick-setting admixture and the powder
admixture, the resistance against neutralization was
improved.

From the foregoing Examples, the following is
evident.

Namely, by using the quick-setting admixture for
spraying of the present invention prepared by mixing the
liquid quick-setting admixture and the powder admixture,
it is possible to obtain a low dusting property and a
quick-setting property higher than the conventional
quick-setting admixture. In the slurried quick-setting
admixture for spraying of the present invention, the
liquid quick-setting admixture accelerates the hydration

reaction of cement, and the powder admixture has a self-



io out with respect to a cured product obtained by using only the liquid quick-setting admixture. The
results are shown in Table 10. MEASURING METHOD Accelerated neutralization test: The
“acceleration 15 neutralization test was carried out in an environment at a temperature of 30C under
relative humidity of 60% at a CO2 concentration of 5%. At the prescribed material ages, the cured
product to be subjected to the test (4x4x16 cm) was cus,gand phenolphthalein was sprayed on the cut
20 surface to ascertain the neutralized depth. 57 TABLE 10 Test No. Type of quick-setting admixture
Compression str&ARAREFRER Beforé¥ctdlénde F REulr ¥R B nTe<tBdmnh3) R8utralized depth
() Notes 2 s ees S MEst: 12 LhituE dlPaR i AgRItyeRpleso T 4375 131

efficient than the conventional quick-setting admixture.

5 INDUSTRIAL APPLICABILITY
The present invention is excellent in the following
respects and is useful, as a quick-setting admixture for
spraying, in e.g. an underground space or in a tunnel.
(1) To prevent solidification of a quick-setting
10 admixture slurried in a quick-setting admixture-adding
tool.
(2) By using a liquid quick-setting admixture and a
powder admixture as mixed, it is possible to obtain a
quick-setting property higher than a conventional quick-
15 setting admixture.
(3) As compared with a case where only a liquid
quick-setting admixture is used, the neutralization

resistance will be improved.

20 The entire disclosures of Japanese Patent
Application No. 2006-304597 filed on November 9, 2006 and
Japanese Patent Application No. 2007-188759 filed on July
19, 2007 including specifications, claims, drawings and
summaries are incorporated herein by reference in their

25 entireties.



Ex: 10-2 Slurry quicksetting admixture 45.7 3.6 6.1 9.8 Ex. (Each quick-setting admixture was used in
an amount of 12 parts to cement.) From Table 10, it is evident that by using a 5 slurried quick-setting

" admixture for spraying obtained by mixing the liquid quick-setting admixture and the powder admixture,
the resistance against neutralization was improved. From the foregoing Examples, the following
isto evident.  Namely, by using the quick-setting admgxture for spraying of the present invention
prepared by mixing the liquid quick-setting admixture and the powder admixture, it is possible to obtain
a low dusting property and a 15 quick-setting properiy’Hilffer than the conventional quick-setting

admixture. In the_slurried guick-setting admixture, for spraying of the gresent invention, the liquid
quick-setting adr%i)‘(tureS aggéigﬁfegﬁ%ecgj rgful”(t):nl Peqac%%?ﬁlo’?%‘éﬁeen@}a’h h%oﬁWd'eﬁ'ea%mixture has a
self- 58 curing pranecly. B¢ iisdu aqinedsdds pagsibielo mpad a.uck-seilng migperty
more efficient than the conventional quick-setting admixture. 5 INDUSTRIAL APPLICABTILITY  The

present inventionsisiexcetentda thenfallewing waspeetsand, isdisgiideas asigkieetting @dmixture for
spraying, in e.g. an underground space or in a tunnel. (1) To prevent solidification of a

quick-settings 10 adituwecturried Iie awguiektsetiing ae naxtdreraddibgaoadl. met () Byuldiaga liquid
quick-setting admixture and a powder admixture as mixed, it is possible to obtain a quick-setting
property higher tRan a EBRvERISHEY qaiek<is syl agmpdirex tur®) g addtfth a case where

only a liquid quick-settin adm%urg iff uslegﬁé the neugaljzation resistance will be improved. 20The
entire disclosure$ fiﬁb es 5 Atioft Nb: 2U08- Hedd mber 9, 2006 and

Japanese PatentyApplicgtion, NQ,- ggé&?g@%é@lg{é{]g%ﬁ%gggg i%%%q)iggﬁq ci{igations, claims,

drawings and summaries are incor ted herein by reference In their 25 entireties. 59 CLAIMS: 1. A
slurry quick-settirg admixtuewhich eRIuKISLs Mater-ard AROWIeT Cuickispiting admiityee comprising

an alkaline earth metal carbonate, a water-soluble acidic
10 and/or aluminum hydroxide.
4. The slurry quick-setting admixture according to any
one of Claims 1 to 3, which further contains a retarder.
5. A quick-setting cement concrete comprising the
slurry quick-setting admixture as defined in any one of
15 Claims 1 to 4, and cement concrete.
6. A spraying method which comprises mixing water and a
powder quick-setting admixture comprising an alkaline
earth metal carbonate, a water-soluble acidic substance,
calcium aluminate and an alkali metal sulfate, to form a
20 slurry quick-setting admixture, mixing this slurry quick-
setting admixture with cement concrete to form a quick-
setting cement concrete, and spraying this quick-setting
cement concrete.
7. A spraying method which comprises joining and mixing,
25 in a slurrying nozzle, water transported in a water
supply line and a powder quick-setting admixture

transported in a powder quick-setting admixture supply



s substance, calcium aluminate and an alkali metal sulfate. 2. The slurry quick-setting admixture
according to Claim 1, which further contains calcium sulfate. 3. The slurry quick-setting admixture

" according to Claim 1 or 2, which further contains calcium hydroxide io and/or aluminum hydroxide. 4.
The slurry quick-setting admixture according to any one of Claims 1 to 3, which further contains a
retarder. 5. A quick-setting cement concrete comprising the slurry quick-setting admixture as defined
in any one of 15 Claims 1 to 4, and cement concrete. 6. A spraying method which comprises mixing
water and a powdéf§uidikide fPGRIhSikFe FBNTHEMEIAT ak@ltd cBRE FRetapEIBBAR, a2
water-soluble acidic substagcg,éalcium Iuminaée and an alkali metal sulfate, to form a 20 slurry

quick-setting adifi2fcF& s 80HY JuicReEHAG Aamisars with & 2BhE D fftm a
quicksetting cemql pRCHELE ANLIATAYING iZ0ReReling ReMSnt gongiele { A ggraying method
which comprises joining and mixing, 25 In a Slurrying nozzle, water tranisported in a water supply line

and a powder quigkrsetiing-admbduredsarsnestegn & ROwderAuiek selting @dpixture supply 60 line

and comprising an alkaline earth metal carbonate, a water-soluble acidic substance, calcium aluminate
and an alkals metadisuitiaterte foira aaslairyuickaseitikg admbdnre, adraducingsthimslaty ppiak-setting
5 admixture via a slurry quick-setting admixture inlet port to a showering tube to mix it with cement
concrete via slurfiqficiEBetiag Hehikidpe: abidinfifolés tovforh £qURRIseRRFESHEntdoncrete, and
spraying this quick-setting cement concrete. io&%.BThe spraying. method according to Claim 7, wherein

the showering tuffd Wh5% @B sFGETE o PBSEE BFSA D G828 aniAnéPiBe2and the inner

ubenas e sy selpuaITIERcdNE s, SLIeSPIEEH gt o any

, wherein the powder quick-setting admixt s calciu ate. 10.

The spraying methodracegrdingde anyonerfidaims 6 to 9, wherein the powder quick-setting
admixture contains calcium hydroxide and/or aluminum hydroxide. 20 11. The spraying method

according tocany ®ne offdainsratdrid), méeheid the povdenguick-settngnadmixitrecontains a
retarder. 12. A quick-setting admixture for spraying which comprises a liquid quick-setting admixture,
and a powder 25tdmigtupe esiRdisiHgRs blvadng agerbdifd sAlEAT BRenifareoEE d helgask-setting

admixture for spraying according 61 to Claim 12, wherein the blowing agent is an alkaline earth metal
carbonate. 14, HESHiCRGRIAG AR SpRg 2BCorH LS S TERREn the

powder admixtu re {q{yﬁlsgl&qrgﬁi ng ec@]:ciglrﬁ s¥g[q§§{t£§j et@edggiﬁﬁfﬁgi]g E;a_dm ixture for spraying
0 mixtur

according to any one ms 12 to 14, wherein the powder a e further contains an alkali metal
sulfate.  16. Theyquick-gettiggagmixiyre densRiaype 3£49%NG &0 40Nk 08e Of (daimisnk? &0 15,

wherein the liquid quick-setting admixture further contains an alkali metal element. 17. The
quick-settingsadmixtuge forlspraying aleondingitaranyuddk ek Etaimsad 2aidnilits wheseinahe didunisl quick-
is setting admixture contains a compound having a fluorine element.

calcium sulfate.

10. The spraying method according to any one of Claims 6

to 9, wherein the powder quick-setting admixture contains

calcium hydroxide and/or aluminum hydroxide.

20 11. The spraying method accdrding to any one of Claims 6
to 10, wherein the powder quick-setting admixture
contains a retarder.

12. A quick-setting admixture for spraying which
comprises a liquid quick-setting admixture, and a powder

25 admixture comprising a blowing agent and calcium

aluminate.

13. The quick-setting admixture for spraying according



18 The quick-setting admixture for spraying according to any one of Claims 12 to 17, which comprises,
in 100 parts of the powder admixture, from 2 to 30 parts of an 20 alkaline earth metal carbonate, from

" 30 to 70 parts of calcium aluminate, from 2 to 50 parts of an alkali metal sulfate and from 5 to 40 parts
of calcium sulfate. 19. The quick-setting admixture for spraying according to any one of Claims 12 to
18, wherein the ratio of the 25 liquid quick-setting admixiure to the powder admixture is from 95:5 to
30:70 by mass ratio. _20. The quick-setting admixture for spraying according 62 to any one of Claims
12 to 19, whereirFtheikRidqditk-seafetddmiis e erthepadri adhfixiie Al mbitfin a slurry
form. 21. A spraying materjal which comprises cement, an 5 aggregate and the quick-setting
admixture for spr%?/llr%jgz:lsm&ér‘lan]\gdclﬁ%%1?/nogn£eedf Claims 12 to 20. 22. The spraying material according

to Claim 21, wheggin thgamoyat.ef the quick; %@B&MU%PV%@QH%QOQB%@PM%"q”id

quick-setting admixture and the 10 powder admixture, is from 5 to 25 parts, per 100 parts of the
cement. 23. A sprayinpangthog which sompiises uUsinghibesenadng awmiesiahascdeafipedrnLlaim 21 or

22.15
5 contains calcium sulfate.
15. The quick-setting admixture for spraying according
to any one of Claims 12 to 14, wherein the powder
admixture further contains an alkali metal sulfate.
16. The quick-setting admixture for spraying according
10 to any one of Claims 12 to 15, wherein the liquid quick-
setting admixture further contains an alkali metal
element.
17. The quick-setting admixture for spraying according
to any one of Claims 12 to 16, wherein the ligquid quick-
15 setting admixture contains a compound having a fluorine
element.
18. The quick-setting admixture for spraying according
to any one of Claims 12 to 17, which comprises, in 100
parts of the powder admixture, from 2 to 30 parts of an
20 alkaline earth metal carbonate, from 30 to 70 parts of
calcium aluminate, from 2 to 50 parts of an alkali metal
sulfate and from 5 to 40 parts of calcium sulfate.
19. The quick-setting admixture for spraying according
to any one of Claims 12 to 18, wherein the ratio of the
25 liguid quick-setting admixture to the powder admixture is

from 95:5 to 30:70 by mass ratio.

20. The quick-setting admixture for spraying according



10

15

62
to any one of Claims 12 to 19, wherein the liquid quick-
setting admixture and the powder admixture are mixed in a
slurry form.
21. A spraying material which comprises cement, an
aggregate and the quick-setting admixture for spraying as
defined in any one of Claims 12 to 20.
22, The spraying material according to Claim 21, wherein
the amount of the quick-setting admixture for spraying
comprising the-liquid- quick-setting admixture and the
powder admixture, is from 5 to 25 parts, per 100 parts of
the cement.
23. A spraying method which comprises using the spraying

material as defined in Claim 21 or 22.





