1 2221673 QUI CK SETTI NG CONCRETE COWPCOSI TI ONS FOR USE AS LI NILNG |
CONSTRUCTI ON CONCRETE The invention relates to conpositions and net hods of
manuf act uri ng and applying quick setting concrete. The concrete is capable
of retaining fluidity for a long period of tine and then rapidly setting.
The quick setting conpositions of thislinvention are particularly

applicable in lining construction. Li ni ng construction is a process whereby

concrete is applied to a surface (e.g. of a tunnel or -underground cavern).
There are two nmmj or types of Ilnlggzqgnrgggbﬁlon processes, as follows: 1.
Shotcreting. This tan be carried “dry mix concrete (the dry mx
system) or a wet mx concrete (the vet mx systenm). a) The dry m x system
The dry mx systemis one in which dry mxed concrete i's pneumatically
conveyed through a delivery hose and-is applied by projecting it out from
t Bgt pg;rzn' e under oBT@e SerfinaVRbRéRErRCcakEdsEFIoNSC kiR S LINDRG

systemit is WNCRETRII t to control the guantity of water added and therefore
to control the water-cenment ratio (hereinafter referred to as the WC

rati o). .Further of . .dust is erated and this, is ack..
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i nstead of viandnapplyinghquindz setring) cofivzeve! Thiexconcseeenis capable of

retaining fluidity for a long period of time and then rapidly setting.

Ihe quick setting compositions of this invention
are particularly applicable in lining construction. .

Lining construction is a process whereby concrete is applied to a_
surface (e.g. of a tunnel or underground cavern). There are two major
types of lining construction processes,.as_follovsﬁ

1. Shotcreting.

This can be carried out using a dry mix concrete (the dry mix
system) or a wet mix concrete (the wet mix system).

a) The dry mix systenm.

The dry mix system is one in vhich dry mixed concrete is
pneumatically conveyed through a delivery hose and is applied by
projecting it out from the nozzle under pressure; water and a quick
setting-agent being added, upstream of the nozzle just pfior to
passage through the nozzle. With this system it is difficult to

~control the quantity of water added and therefore to control the
vater-cement ratio (hereinafter referred to as the W/C ratio). Purther
a lot of dust is generated and this is a drawback. Alternatively the
quick setting agent can be added at the point of mixing instead of
vicinal to the nozzle.

b) The wet mix system
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- 2- The/"vvet mx systemis a systemin which the concrete is mxed in the
presemse of water and is pneunatically conveyed through a delivery hose to
a nozzle and is thén projected out of the nozzle; a quick setting agent
bei ng added upstream of the nozzle just prior to passage through the

nozzl e. There are al so exanples of this systemwhere the concrete can be
punped, rather than pneumatically conveyed, to a point midway between the

poi nt of mi xing anﬂht Dt RAZ 24 ckld iéﬂs Qﬁteme{xywhya@ J@'é&\é@dtéxs gﬁ&qﬁﬁc

conveyl ng betvveen is m POl nt and noZ T system al | ows goo ontr ol
of WCratio art eg&maﬁ%gfwaﬂere%éf pneunggicall m%msldtmug i & deftdyery
known as presshbge hendingzld hdemCﬁthepﬂogemé&dut aﬁdtmenzpwipadqﬁmt

neumat i cal | | ck setti
ggent bei ng gdgggyﬁ% g eena{:mbg%&toéé&eﬁdo%%& r|§$|§or z?’lé B’é‘ég B od’&ﬁs‘ﬁ?e
nozzl e. The corfBreygh the mieepleolhexe ape caJaOfmmphqs &f thdsasystan wherdeache
The concrete | %oﬂ&re\fef éail @e(lﬂm% 13 chEF t'hQnt;ﬁ{eﬁﬁa@ccaﬁ&”&}wéféder tcP%“Eabﬂ&

into the formun medi at e efore ha ni n that .1s to sa
several m nut eg'ié‘ﬁye}’eﬁ‘fﬁﬂ‘nbh%imé"hlﬁ’i ol "s‘*é‘ﬁt?’ﬁ’g%gﬁé!‘??'z ﬂ'tﬁ“s“l‘?)ﬂélé’é‘t‘tyl hese
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for the next job™and ohe canh do 't harden to
| east a conpressive strength of 1 kg/[err] |n 3tob5 mnutes. According to

the invention, ot hefRslon Rle?idfl€d @ cenentitious

~ This is also known as pressure bonding. The concrete is mixed, and
then pumped (not pneumatically conveyed) to a nozzle through a hose,
with the quick setting agent being added upstream of the nozzle just
prior to passage through the nozzle. The concrete is then poured into
a form at an excavated surface. The concrete is very fluid (about 18
cms in terms of slump) after pouring into the form:until immediately
befo;e hardening, that is to say for several minutes after addin§ of a
quick setting agent. This long setting time can be a disadﬁhntége
because, in order to increase efficiency, one wants to be able to
remove the sheaths of the form as quickly as possible for the next job
and ‘before one can do this, the concrete has to harden to least a
compressive strength of 1 kg/em 2 in 3 to 5 minutes.

According to the invention; there is provided a cementitious
composition for use e.g., in'lining construction comprising;

a) cement and preferably aggregate (hereinafter referred to as
component a)

b) an admixture containing a polycarboxylate copolymer (the
admixture hereinafter being referred to as component b); and

¢) a quick setting agent or aécelerator (herein after referred to



conposition for use e.g., in lining construction conprising; a) cerrenrvvand
preferably aggregate (hereinafter referred to as conponent a) b) an _

adm xture containing a polycarboxylate copol ymer (the adm xture her ei nafter_
being referred to as conponent b); and c) a quick setting agerit or

accel erator (herein after referred-to- - 3 - Case 154-0C44e 154-Ql144 as
conponent c), the copolyner of conponent (b) being selected fromd) a

wat er - é%IQQ@P@n%pﬁlryner of an olefin and an [err] unsaturated. dicarboxylic
aci d. e) a wat er-sol ubl e copol ymer of an ester of a polyethyl ene gl ycol
rmnoav\g et her .wi th maleic aC| d and mononers capabl e of copol ymeri zation

t her ewHi%h CoPgL el COBRMERE o QOBW@? sEedsHIk vl ene, styrene and mal eic
acid; g) a water-sol uble copol yner of isobutylene, acrylic acid ester and’
mal ei ¢ acid; h) a water-sol uble copol ymer of i sobutyl ene, styrene,, acrylie
acid ester and mal ei ¢ acid;--and i) ‘a water-soluble salt of a copol ymer
derived fmnaavamerysajlhylesrmpglwenloﬁmnmmm ag oachurmatprﬂQeell kyl.ene =
gl ycol 4 I| id ester and acrylic acid or nethacrylic acid, R
optlona Bﬁ%ﬁl hge(?ﬁ%\nth a- m)noner capabl e of be| ng copolyrrerl sed
therew th.

e) a water-soluble copolymer of an ester of a polyethylene glycol

monoaryl ether w1th maleic acid and monomers capable of
copolymerization therewith; ;

f) a water-soluble copolymer of iscbutylene, styrene and nalelc o
'ac:Ld.

g) a water-soluble copolymer of 1sobutylene, acryllc acid ester
'and maleic acid; : : :

h) a water—soluble copolymer of 1sobutyler*e, styrene, acryllr ac1d
ester and maleic acid; and :

_ 1) a wate:c—soluble salt of a copolymer derived from a polyalkylene -
glycol monomethacryllc acid or polyalkylene glycol monocacrylic acid _
ester and acrylic acid or methacrylic acid, optionally together w1th a '

O

moncmer capable of being copolymerised therewith.
Further according to the invention, there is provided a process
for the production and application of a cementitious compos:.t:.on '

comprising;

w) mixing components a) and b) together, preferably in the
presence of water;

x) transfering the mixture to a nozzle for expelling the mixture;

y) introducing component c) upstream of the nozzle prior to
passing the mixture through the nozzle; and



v o
Furt heraccording té the invention, there is provided a process for the
productton and application of a cenmentitious conposition conprising; w

m xi ng conmponents a) and b) together, preferably in the presence of water;
X) transferirng tthe mxture to a nozzle for expelling the mxture; y)

I nt roduci ng conponent c) upstream of the nozzle prior to passing_

m xture through the nozzle; and -4 - 24 Cas af%igglgﬂﬁE)_
expelling the m xture through the nozzle, to apply the mxture to a surface
to be coated. Preferably conmponent a) is concrete. This concrete nay have a
hi gh proportion of)féxpeliing thmimdxtureythemgll) then notale; otalapglathetyixshire

aggr egat e. Pre&?%@@%ﬁhﬁ@1&P%BQQ%R%?§) the cenent used is portland cenent
and the aggregate that 1s preferably present-is fine aggregate, preferably

sand having an average particle size of |less than 5mm The aggregate when

present nay al SO pREfdIAB]F ARiBéheRB H)E A8t Sonchakd NGhis RBhérctbemsy) AEvER high
average of about 15 pm referablé t he anmpbunt Qf ,aqgre a%gels 5Q.t o 400% by
wei ght . Exanp| BOPSREL,GE B WBEAE ¢f- BePrAlc SpanEst e Bt dfor 5 of
[err] aliphatiaggegatml srefedabbf Haceotipbrericall e samanki Gsec isl;poreldmrryl i c

cSters ther cof CHEPR T FI° AEPBHATE Lo oh IR PRt Sler IS BaTiSTBte:
poly [err] pol yfleydlziye sghd) beving peraveragkgayticle size of less than Smm. The
' aggregate when present may also include coarse aggregate, having a
particle size on average of about 15 mm. Preferably the amount of
K-?. aggregate is 50 to 400% by weight. '

Examplés of a monomer éépable of being copolymerised aie esters of
C1-20 aliphatic alcohols and methacrylic acid or acrylic acid; |
methacrylic amides or acrylic amides, maleic acid or fumaric acid or
mono~- or di- esters thereof with C;.»¢ aliphatic ‘alcohols, Ca-4
alkylene glycols or poly C,_4 polyalkylene glycols; C,.g alkenyl
acetates (e.g. vinyl acetate and propenyl acetate); aromatic vinyl
compound {(e.g. styrene, p-methyl styﬁene, styrene sulphonate) or vinyl
halides (e.g. vinyl chloride). ' .

Preferably the copolymer is derived from a pdly Co-4 alkylene
glycol monomethacrylic acid or poly C,_4 alkylene glycol monoacrylic

acid ester and acrylic acid or methacrylic acid, neutralised with
alkali, | | '

More preferably the copolymer is derived from

j} a monomer of formula I
CHp=C(R;)-CO-0-(R2-0)n~R3 ~ (I); and |

k) a monomer of formula II

CH,=C (R, ) -COOX | (1I)



acetates (e.g. vinyl acetate and propenyl acetate); aromatic vinyl coipound’

(e.g. styrene, p-nmethyl styrene, styrene sul phonate) or vinyl halides e g«

vinyl chloride). Preferably the copolyner is derived froma poly [err] "~

al kyl ene gl ycol mononethacrylic acid or poly [err] alkyl ene glycol

nmonoacrylic acid ester and acrylic actd or et haciOpbe clde) 44 neutralj sed

with alkali. Mre preferably the copol ymer is derived fronlj) a nononer of

f or muli® Wh{qi_lRR] k) a nononer of formula Il [ERR] ~ - 5 - . Case

154 0144 in which each [err] independently is hydrogen or nethyl [er;] S
[err] al ene; err '1s hydrogen or [err] alkyl; nis an integer of from1l

r%% n%ﬁHW

to 100 i ‘ﬁ‘s?‘l/e" dgpepdRnt Y 4s gﬁ%rﬂr E‘Ft@/l2 equi val ent’ of a dival ent

nmet al , annonlun1or an am ne group. Preferably the copol yner of conponent b)
has a nol ecuy of 23,000 to 27,000. The dosages of conponent b)
used are %% P%ast 0.01% nore preferably fron10 01%to 0 5%
based on the melght of cenment, nost

Ry is hydrogen or-Clre.alkyl:
n is an integer ofdfrom_l to,lOb inclnsive;.and_

X is a monovalent or 1/2 equlvalent of a dlvalent metal, ammonlum
or an amine group. ' o S '

Preferably the copolymer of component b) has a molecular weight of
23, ooo to 27, ooo

d The dosages of component b) used are preferably at least 0 01%,:
more preferably from 0.01% to 0.5%. based on the welqht of cement, most _
preferably in a range. of 0 03 to 0.2%.. What 1s known as the
“super-fast acceleratlng effect" becomes larger as dosage is
increased, but when dosages in excess of the.upper limit of 0.5%:are;
used, a ceiling in effectiveness is reached and'thus further addition
becomes uneconomical.

"Accelerator™ (component ¢) is as defined p. 106-7, 548 of =\
Concrete Admixtures Handbook by V.S. Ramachandran 1984 Noyes - |
Pulications, the contents of which are incoporated herein by
reference. | o

"Quick-setting agent® (component c¢) is defined in JIS A 0203,
"Concrete Terminology," as "a chemical admixture to be used-to ' . |
accelerate the hydration reaction of cement and to markedly shorten |
time of setting of cement." Typical examples include:

1) inorganic salts (solid or liquid) comprising alkali aluminates
and alkali carbonates, or mixtures thereof,
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preferably in a range of 0.03 to 0.2% What is known as the "super-fast
accel erati ng effect” beconmes |arger as dosage is increased, but when
dosages in excess of the upper limt of 0.5%are used, a ceiling in

ef fectiveness is reached and thus further addition becones uneconom cal .
"Accel erat.or” (component c) is as defined p.-106-7, 548 Grs&dddéreisd
Adm xt ures Handbook by V.S. Ramachandran 1984 Noyes Pulications, the
contents of whi cH) a¢emenpduperatsSedatter ein by reference. "Quick-setting
agent" (conponent c) is defined in JIS A 0203, "Concrete Terninol ogy," as
"a chem cal adm xture to_be used to accel erate the hydration reaction of
cenent and to nmafkeRAYPrEhIRPETRIS] HR- Yot 2 LPRIRS oFATEINBIASS 3R SRLGH Mex anpl es
i nclude: 1) isorfgasiwninatd)s (solid or liquid) conprising al kali alum nates
and al kali carbonates, or m xtures thereof, - 6 - Case
154-0144 n) cenent mnerals, and n) natural mnerals (e.g. alum nates,

wat er gl ass and cahergamis Haflb-@licktsedtd)g apemirsgancindeatiiickusetitisgtagenys
agents includ LelkssehtdNgs n ri.si n L D3l d/or a

car bonat e. Na?%ﬁ?gir(nn%gr a Q’g’ﬁ. c'%- é’Z‘%’fﬂ?% ?ggié%stgf n%tgg% %%ﬁ%l%{nlat ed alunite
to which car b@ﬂﬁ‘ege%l}oﬁgeatﬁrﬁnﬁé@% Fﬁ%ﬁﬂ@ab%fbﬁ_l&@kt@dto @é‘ﬁéhtcaﬁbﬂ@t_&ls

q;u c_k-s;ettl ngaﬁﬂ%h Bt $1uniRAREECnERITBEA hhGdls. TBhEH Alfera®iicRl 8 tSRG Ggdhits

al um nates su as

Ehclude cementitious materials comprising calcium aluminates such as
Ca0.Al503, 12Ca0.721,03, Ca0.2Al,03, 11Ca0.7A1,0;.CaF;, and
. 3Ca0.3A1,03.CaF,, amorphous forms of these minerals, and may also
additionally include amounts of gypsum and/or inorganic salt base

quick-setting agents.

Calcinated Alunite is obtained by burning alunite at a very high
temperature below its melting point.- Alunite. (or Alum Stone) is a
hydrated basic aluminium and potassium sulphate mineral which has
served as a source of potash and of alumina. Alunite is KAlj
(S04) 2 (OH) ¢ having a hardness of 3.5 to 4 on the Moh’s scale.

The amount or dosage of component c) used can be expressed in
terms of percentages by weight of the weight of cement in the
cementitious composition. These are

i) approximately 2 to 8% (solid or liquid product) in case of
inorganic salt quick setting agents,

ii) approximately 5 to 10% in case of cement mineral quick setting
agents, and

iii) approximately 4 to 10% in case of natural mineral quick
setting agents.



[ ERR] and [err], anorphous forns of these nminerals, and\gay

al so additionally include anpbunts of gypsum and/or inorganic salt base™ -
qui ck-setting agents. Calcinated Alunite is obtalned by burning al unite at
a very high tenperature belowits qpltlng poi nt . $§0335 Allum Stone) is
a hydrated basic al um ni um and potaSS|un1squhate l I ch has served

as a source of potash and of alumna. Alunite is KA13 [err] haV|ng a.
hardness of 3.5 to 4 on the Moh's scale. The anpbunt or ‘dosage of. conponent
c) used @anqxhﬁe:kexq:irts'sgemgeinhstamerrexpmSpm cempagdswihh wenett, sdnd he wei ght of

Cem‘v‘”én&’b %981 qEHE pro ﬂ?ﬁ FAE951d TnQQd ﬂ]hé&?cr%@ b 1 8P so%h tely 2.to 8%__

(soli |qU| in case of I(norganic salt guic ting agents,
i) appriexredtasmenisitioud PomPesitace) apdcdieedesagenes wlqkniﬁk‘tsw ting agents,

and i h@én@?@éﬂ&b&%&bﬁté‘lﬂ Qpé—ﬂu&n' Sugfeds asef aé@l@&é‘t{m@ Bffak gyi ck setting:
agen ti? Case ,154- 0144 As qui ck-setting agents are.

expen ’?ﬂ?chlFﬁJ’alféﬁ qhepicade AERIxtUESH dnaFRPegRhv it 5 R8 HFROFEAPRI materials -
used Eactaents eieterningCthd :&otsh&fpaeheaﬁn@ctoﬁef@m|A¢autalmrypos*¢ tison) -and the

nocer rairelt atrofle rhERGchudeR s cpdsleft " 3@%‘%&? &é”f’ﬁrgfeﬁiﬁ AL it

| s anachmeoyedanith as small a dosage as possible.

Further, with a”wet—mix.shotcreting-process, the super-fast-
accelerating effect is.smaller than compared With'é_dry:mix ' e~
shotcreting process. One of the causes.of this is that:éement,ﬁ. - ”\'#'_
particles are in contéct.with water wéll before they.qome'in-cpntact;_;'
with quick-setting agent and so a thin film of initial'hYd;ation |
product is. formed on_the*surface_bf the cement particles, and these - -
obstruct contact between cement particles:énd_quickésétting-agent; |
Another cause is that the W/C ratio is higher in case:of a wet-mix -
shotcreting process than for a dry mix shotcreting proceséF A dry-mix}
shotcreting process has a. W/C ratio of about 0.45:1,whereas fo;fa wetl;
shotcreting process it is 0.55:1 or higher. The quicksetting effect is-
acutely_influenced by the W/C ratio with the super-fast;accélerating'
effect diminishing-the'highei the W/C ratio. In case .of a wet-mix =
process shotcreting system, the consistency pf_ccncreteﬂmust be;mades;:u
fairly fluid so that it can be transferred smoothly through the - ﬂ&‘J '
delivery hose to the nozzle and therefore, it is unavoidable for W/C '
ratio to be high. Similarily, the consistency of cong:ete,mﬁst-alsozbe;
fluid for a press-on construction method or pressure bbnding.method in.
order to allow good pourability when the concrete is-poured.i@to  s
forms. In both cases, the quiék-setting property is impaired§by having .

a high W/C ratio. |

The use of the component b) in concrete to be mized before the
addition of a'quick setting agent has succeeded in_increasing:the_
super-fast accelerating effect of quick-setting agent in concreté
without impairing the fluidity of the concrete that is to be used as
lining concrete, where the concrete mixed prior to the later addition



factor i'n determ ng ‘the cost of a lining concrete. Accordingly, it is

desis rab"ﬁa for the required super-fast accelerating effect to be achieved
with as small a dosage as possible. Further, with a wet-m x shotcreting
process, the super-fast accelerating effect is smaller than conpared with a
dry-m x shotcreting process. One of the calses of this istasRatd r@@%ﬁt
particles are in contact with water wel|l before they cone in contact with
qui ck- set t i ng Agest Tk -8BF B RITERET | TAEET 1S AfeR eﬂpplllij/?ﬂ' 5Pi % p¥GaEedi s
fornmed on thesggfdcacer @f tinmelcervmte fiohd|c@sermnd t hese obstruct contact
bet ween cenent particles and quick-setting agent. Another cause is that the
WCratio is higher in case of a wet-m x shotcreting process than for a dry
m X shotcreting rByouesfg aAnatmyelrﬁocosdhnmdyettd hbe dmeetsispnhas aawdV-@irkati o of

about 0. 45: 1 t i i or higher.
The qui cksettl ng e &?? fgc%%ut {L ’fq{eue ceggﬁﬁ%?h e\/\lggpér)rat%?%ew th the
super - f ast ac@é‘l:@tea@tm EWF@E{CYQQ hv@rﬁhg Wi de me@hmlmhélum@ty &io. In

case of a wet t%&e@éofse%ﬁtﬁhﬁhcrﬁfd' PReR¥%S! &P 1§ R sCOMY $bENGY (ﬂi‘sa?@rﬁ‘fr ete
nust be made fairly fluid that it can be transferred smooth hr ough

the delivery ﬁBé@"tSSt‘EJH’@ ?ﬁ?ﬁil B0 AhGaiharertdical ?‘{Perf%ﬁa@%ﬁeéﬁﬁq%nﬁcﬁffW%:
rati o to be hitghbe Tedidedr b¥ek cbﬂik&anwmalst:@tn@ﬁxoéhocteﬁafmtgepmtégse%l so be

fluid for ap 85 5.2N const r.uction essure hondi ng_net hqod .i.n
order to arl ORREES” pURRRCNIA EUPHRAREY RECEISTRF S BFEPGION L) SPRYySHo Bze | ¢
bot h cases, tHhe ajuedkctsient imgepowyent \materialparated obynataviaigfallinghofifl C
ratio. The usgpgf d &Q QERORERL Pk PackNEL Zc(&j;@ détfbt@?eﬂ?ngeﬂetﬂ‘é&qgﬁcﬁ & a

addi tiion of a quic t|n agent 'has succe I'n 1 NCréasin
super \T"ést ac aenérpaﬁweeew@ml@fboqus c Fusthar, nin ageducing Q,Qmé?"eﬁ dinings

by the press-on or pressure bonding methods, it is possible to
increase working efficiency by shortening the time required for |
setting after addition of quick-setting agent whilst maintaining
fluidity of the concrete. This is of great importance.



without inmpairing the fluidity of the concrete that is“to ‘be used as k?ning
concrete, where the concrete mxed prior to the later addition - 8= -
Case 154-0144 of the quick-setting agent, that is then applied to the
excavat ed surface of a tunnel or_y@dgrground caVQ%ge EMLH?Q?g.a net hod
accordingly to the invention in a wet-m x shotcreting process, both,

mar kedl y inproving the super-fast accelerati-ng property of shotcrete while .
retaining fluidity of concrete is obtained, and thereby, it i's possible for
t he dos agéeoxnvqmm ¥kl pay begdhtustsatist Ry nthedéntiavang fixgmpleasast D
accelerating effect to be reduced over conventional wet m Xx shotcreting
procegses. Further, since the super-fast accelerating property is inproved,
t her e2¥8P3e b @38t4 on in rebound of material (rate of material falling off
when shotcreted on to a surface) in the shotcreting nethod which is a very

posi tive economi ¢, be . Eurther,. roduci ng_concrete linings by the
press-on ng %o?n gé‘iﬁégﬁmgﬁémpﬁg% hlosdgéé)el '([?1 gi gﬂ 3%% leg)rbqurf,noonishg}veegls e working
ef fi cierapleytosfiom enlingngheoncirete.r equired for setting after addition of -
qui ck-setting agent whilst naintaining fluidity of the concrete. This is of
great inmportance. -9 - Case 154-0144 The invention will
now bél} [Gong¥eta: ERPTEPiaME: f ol | owi ng Exanpl es. e S

(a) Cement: .. R
A blend .of "Onoda", FMitsubishi“_and.?Sumitomo?-(trade“ma:ksl~“ AR
brand ordinary. portland cements in equal amounts. o '._. - 4

-~

(b) Coarse:Aggregate: : . : : o L
Ohme - graywacke crushed stqne”(specific-gravity.2;64,.
absorption 0.67%, F.M. = 6.35, maximum size 15 mm)

(c) Fine Aggregate: .
'A blend of Oi River System pit sand and Chiba pit sand in
equal amounts.

(d) Admixture:
a) Polycarboxylic Acid Admixture

Calcium salt of the copolymer of poly Cz.4 alkylene glycol
monomethacrylic acid ester and methacrylic acid (referred
to as "A": manufactured by Nisso Master Builders Co., Ltd.)

b} Lignosulfonate Admixture
Proprietary name: "Pozzolith" (trade mark) No. 8 (referred
to as "B": manufactured by Nisso Master Builders Co., Ltd.)

c) Oxycarbaxylate Admixture
Sodium gluconate (referred to as "C")



’

Exanpl €1 and 2 The'concrete of the Exanples is made up in the proportions -
given iwf Table to forma lining concrete. (1) Concrete Ingredients: (a)
Cement: A blend of "Onoda", "Mtsubishi" and "Sum tom" (trade marks).
brand ordinafy portland cenments in equal anounts. (b) Coarse Aggregate:
Chne graywacke crushed stone (specific graulty 2.64, absorJaseotbd0064% F. M
= 6.35, maximumsize 15 mm) (c) Fine Aggregate: A blend-of O R ver System
pit sand and Chiba pit sand in equal anounts. (d) Adm xture: a)

Pol ycar boxyl i c Acid é‘ﬂ@hﬁwa%e&é\raehﬂmleaé tFo%ai&éﬁ &@mhaér?srat@fmmkyufeerr]
al kyl ene gl ycol nononethacrylic acid ester and ? hacrylic acrd (referred

to as "A': manuf act ur e@TERriGLash NRARL é'MlﬁlFYI"dg?% (Eﬁferrﬁflot9 ag)"D

Li gnosul f onat e Admi xt ur@ni¥aeRaiat ﬁgyxdbawap tPozzsbit h" (trade mark) No. 8
(referred to as "B": manufactured by N sso Master Builders Co., Ltd.) c)

Oxycar boxyl ate Adm xture Sodi um gl uconate (referred to as "C") - 10 -
Case 154-0144 e) Sulfonated-Melamine Formaldehyde Condensate Admixture

Proprietary name: NL-4000 (referred to as “E": manufactured
by Nisso Master Builders Co., Ltd.)

f) Inorganic Salt Powder Quick-Setting Agent
Proprietary name: QP-500 (referred to as "F": manufactured
by Nisso Master Builders Co., Ltd.)

g) Cement Mineral Quick-Setting Agent
Proprietary name: QP-55 (referred to as "G": manufactured
by Nisso Master Builders Co., Ltd.)

The dosages of admixtures are the standard dosages respectively
recommended by the manufacturers and are expressed in terms of
percentage by weight of cement.



~ ’

d) Sul f onat ed- Napht hal ene For mal dehyde- Condensat e Admi xture Propri eta\)l
name: "M ghty" 150 (referred to as gl) manuf actured by Kao Soap Co., 3Ltd: )
e) Sul f onat ed- Mel am ne For mal dehyde ndensate Admi xture Proprl etary nane:
NL- 4000 (referred to as "E": manufactured by Ni sso Master Buiiders Co.,
Ltd.) f) Inorganic Salt Powder Quick-Setting Agent Proprietary nane.  QP-500
(referred to as "F": manufactured by Nisso Master Builders Co., Ltd.) Q).
Cement M neral Quick-Setting Agent Proprietary nane: QP-55 (referred to as.
"G': manufactured by Nisso Master Builders Co., Ltd.) The dosages of '
adm xtures are the standard dosages respectively recomended by the

manuf acturers and are expressed in terns of percentage by weight of cenent.
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nort ar,~ obt ai ned by separating the nortar portion and coarse aggregate
usi.ng \‘a-5n’m screen, is left standing for 30 m nutes. The quick-setting
agent ‘1s added and hand-m xed for 20 seconrdd42 dhe initial tine of setting
(time required for penetration resistance to reach 35 kg/[err] according to
the nethod of "test for tine of setting of concrete"” is nmeasured for each
nmortar. The time of setting is considered here as the tinme (mnutes and

seconds) from addEﬁlﬂfé aﬁosfw'rstkreS@t tExﬁﬂpP&eﬂt and 25117834 {eS cﬁbemfv‘ég{ion
resul ts when are as given i1n Table and

q%u ngﬁ n]g gg i S id n
the test resul Yoiid ﬁﬁ KOsB® n§°“ﬁ’§€ﬁ'f Y&'is used, are as given in Table
3. - 13 - Table 2 Tine of setting Measurenent Resul ts (Quick-setting

Agent F) Test No. Aftler nEXHEP ke Wment, vater, fniesaﬁgfég}(sgfatﬁegié}% I ni t al

m n-sec) 1
§mre thal)’l 20 f&§regate togqqher and admixture A to E if appm;gqehameggemhmt

1] mortar, obtained'by &eplrdtid@ tHe'mértar portib¥ and coarse agﬁ_regate
more than. 20 rﬂs@ng a S5-mm sc\z/'een, is left standing for 30 mi%n71tes. T 8 sec Table 3
quick-setting agent is added and hand-mixed for 20 seconds. The

initial time of setting (time required for penetration resistance to
reach 35 kg/cm? according to the method of "test for time of setting

of concrete" is measured for each mortar. The time of setting is
considered here as the time (minutes and seconds) from addition of

o quick-setting agent.
Test results
The test results when quick-setting agent F is used, are as given'

in Table 2, and the test results when quick-setting agent G is used,
are as given in Table 3.



Time of Setting Measurenment Results (Quick-Setting Agent G Test No. \é i

Exanpl e No. Ti me of-Sthing Initial (mn-see) 7

less than 1 mn 8 -V - - 3 mn 30 sec 9
VI, 4 mn 20 sec 10 VI T
nore t rhgozm"n 11 I X 4 mn1l1l2 . X

3 min 10 séc  Wiere the quick setting agent used is F, the nortar made in
the absence of . any adm xture Ato E or with any of the other conparative.
14 admipiind! 66 sBttthgEMesitemBt ReSELHy (O@idkQsét@ngShfent £Ni N 17 m nutes, but
by using the polycarboxyl ate adm xture (A), initial set is reached in 13

m nutes and 40 seconds. Were the quick-setting agent used is G and the .
pol ycar boxyl ate adm xture (A), the initial set is reached within 1 m nute,
wher ea of -t he, o yGonparative te st Jdnitial set.under 3
ninute?#@?ﬁﬁg irlugﬁggpggnghat time of-sé%@?ﬁg?ﬁé?g?*atly'Shortened usi ng
Admi xture A rather than Admixtures B to HEbirisl (ménsieed quick-setting agent
The extent to which the fluidity of concrete (prior to addition of :

qui ck- S€ gy s T al TS 5 ) T —used in the tests and
the mx proportions of -~ -~ . - - : o g : _
1 i . 13 min 40 sec ; '
2 r more than 20 min. : |
”3'_ ”II':__ - _- S mpfe thgn:204min: - f-
e III . more than 20 min' - .
5 v . | more  than. 20 min. . u
6 v 17 min 20 sec
Table 3
Time of Setting Measurement Results (Quick-Setting Agent G) .
Test No. Example No. Time of Setting:
Initial (min-sec)
7 2 less than 1 min -
8 VI -3 min 30 sec
9 5 - 4 min 20 sec
10 VIII : more than 20 min
11 IX ' ' 4 min

12 X 3 min 10 sec

Vhere the quick setting agent used is F, the mortar made in the
absence of any admixture A to E or with any of the other comparative



concret® are the sane as those given in Table 1 for Exanple 1 and
conparﬂrive Exanples I, IV and V. Further, the adm xtures used in these
tests ‘are the pol ycarboxyl ate adni xture (Ay,14 ke sul f onat ed- napht hal ene
f or mal dehyde condensate adm xture (D) and the sul f onat ed- el am ne

f ormal dehyde condensate adm xture (E). After m xing the cenent, water,
aggregat e and admixtugeeP Wpth foes notngpachythe iaﬁiaéf sethaithin 13t minuges,

di scharged and bt Wi ubfngRAE WolfcarbdRy TaeC adiiktute [(AY |Ir 1AU1AD sebeigTirkféhed

and whil st conti to rot te the xer at |ow speed (2 rpm) for the
required | engt A" gﬁf"?ﬂ‘é‘eﬁﬁ‘é uﬁ%cong%e neasured after 30 minutes and 60

m nutes. Test Results The test results are given in Tabl e 4. -15- Table

4 Concrete Slunmp Los e S |l A xture
Slunp (cm) (Table 1) %J&S%hg %LD%? S-E%{nd\lggent 'ﬁéé‘&'ﬂs %\ ter After di ate

30 min 60 m npg%ycarbggyle¥g admzxtureA(A), thg gggtial set is rgached yithjin 1

14 | minute,- vhereas. none of the othet4céhparafive tests Bhdwb an idf%ial
D 0. 45

4.0 bn  setgmier 3l ipueekscMis difustiates thar tipp of sarfing iy edtly
concr et e usi ngshérteped ywsingoddmizterendnradher ethan Admixtturesidctel Ecohparthed with

same quick-setting agent

The extent to which the fluidity of concrete (prior to addition of
quick-setting) is maintained, is shown.

The materials used in the tests and the mix proportions of
concrete are: the same as those gi?en in Table 1 foé Example 1 and
comparative Examples I, IV and V. Further, the admixtures used in
these tests are the polycarboxylate admixture (A), the
sulfonated-naphthalene formaldehyde condensate admixture (D) and the
sulfonated-melamine formaldehyde condensate admixture (E).

After mixing the cement, water, aggregate and admixtures with a
tilting mixer, all of the concrete is discharged and slump is
measured. The concrete is returned to the mixer, and whilst continuing
to rotate the mixer at low speed (2 rpm) for the required length of
time. The slumps are measured after 30 minutes and 60 minutes.

Test lete
The test results are given in Table 4.
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others even after a long period of time has el apsed. I'n the conparatilvg ™
Exanpl e using the adm xture E, it €a3 be seen that the tine of settlhaﬂis
conparatively fast, but the tinme-dependent change in slunp is great .
(reaching less than 5 cmafter 60 m nutes). 3700/ DM MC - 16- CLAINB 1. A
cenentTahleus conposition conprising a) cenent (hereinafter referred-to as
CONPONEJHerdie slg)m?q‘oggme}gttuigs\ﬁggt ai'ning 'a pol ycarboxyl ate copol ymer (the .
adm xture hereinafter referred to as conponent b); and c) a quick setting
agent or accel erator (hereinafter referred to as conpopent -c), the
copol yrest Né. coaﬁm’p&atNd).) hénidgusel ected from d) siuspt eémpol ubl e copol yrrer
of an olefin an [ r] satu at ed dicar I| aC|d a water-sol uble
copol ymer of an er ? ltlg%ﬁ ye ?ﬁﬁggne gl yg ey t<fi""yl gtet)ﬁér with maleic
acid and nononer capabl e of copol yneri zati odiﬂeeré@\nnlih -60. manwat er - sol ubl e
copol yner of isobutylene, styrene -and nalelc aci d; g) a wat er-sol ubl e
copol - e - id;-h) a
wat er - sol ubl e copolyner of |sobutylene}.styrene, acryllc_a0|d
13 1 A 0.12 13.5 10.0 8.5 .
14 - I S - 14,0 . 9.0 7.5
15 IV D 0.45 13,5 8.0 6.0
16 v E 0.50 14,0 6.5 5.0

It can be seen from Table 4 that the slump of the: concrete
using the polycarboxylate admixture A is not reduced compared with
others even after a long- period of time has elapsed. In the h
comparative Example using the admixture E, it can be seen that the _
time of setting is comparatively fast, but the time-dependent change

in slump is great (reaching less than 5 cm after 60 minutes).

3700/DM/MC

4
4



ester and nal ei ¢ aei-di—and—)—a—water-sol uble salt of a copol ymer derived
from a”'lrio yal kyl enelﬂui/lcol nononet hacrylic acid or polyal kyl ene gl ycol

monoacrylic acid e ﬂﬂg!wr“m ﬂltm d or methacrylic acid, 6pse dh&tQld
together with a rm ei ng copol ymerised ther ewi t h. -17-

2. A cenentitious conposition accor di ng to claiml in which conponent a) is
concrete. 3. A conposition according to anyl®ne of the preceding clains in
whi ch conponent b) conprises the copol yner derived froma poly

[ err]al kyl ene J%gl nononet hacrylic acid ester or poly [err]al kyl ene
gl ycol rmnoac_é' acid ester and acrylic acid or nethacrylic acid,

neutralized with alkali. 4. A conposition according to claiml1l or claim?2
i n which conmponent b) conprises a copolyner derived fromj) a nonomer of
formula | [ERR] k) a nmonomer of forrmula Il [ERR] in which each [err]

i ndependent | y li.s Zhyerenjdbious gemgoglitidrecofpnisifierr] al kyl ene; [err] is
hydrogen or [err] alkyl; nis an integer of from1 to 100 inclusive; and

a) cement (hereinafter referred to as component a);

b) an admixture containing a polycarboxylate copolymer (the
admixture hereinafter referred to as component b); and

Y c) a quick setting agent or accelerator (hereinafter referred to
as component c),

the copolymer of component b_) being selected from

d) a water-soluble copolymer of an olefin and an «, B unsaturated
dicarboxylic acid;

e) a water-soluble copolymer of an ester of a polyethylene glycol
monoaryl ether with maleic acid and monomer capable of
copolymerization therewith;

f) a water-soluble copolymer of iscbutylene, styrene and maleic
-/ acid;

g) a water-soluble copolymer of iscbutylene, acrylic acid ester
and maleic acid;

h) a water-soluble copolymer of isobutylene, styrene, acrylic acid
ester and maleic acid; and

i) a water-soluble salt of a copolymer derived from a polyalkylene
glycol monomethacrylic acid or polyalkylene glycol monocacrylic
acid ester and acrylic acid or methacrylic acid, optionally
together with a monomer capable of being copolymerised therewith.



Xis a nene#aLenL~gL—;L2_equivaIent of a divalent netal, annDniun1or qpé ’
am ne grou . A conposition according to any one of ng crai ns
in whi ch ﬁﬂ!ﬂﬂ'ﬂjl“ﬂ"uﬂml)conponent b) has a nol ecul ar gﬁf’fgﬁg $3,000 to
27, 000. sition according to any one of the preceding
clalns in which'thé ahount of conpongpt b) used is at | east 0.01% based on
the wei ght of cenent. 7. A conposition according to claim®6 in which the
amount %f bocrqy@nmmb; epppasition. axcordimy 5% cRimAL denplaiih corpanenbr ding to

any one of 54 hg ghng clainms in which conponent c) is selected from1) -
I norgani c saltse% oI|d or liquid) conprising alkali alumnates and alkali
car bonat es, m xtures thereof, nm) cenment ninerals, and n) natural '

mnerals,. A. coﬁwpé@iﬁl@ﬁl é¢cswdﬁfq:<ﬂbdaﬂ1goh@ @m!th@ft&e@éditrhecmﬁi@eih ng -cl aims in
whi ch the ah nt of congﬁnent G) uaﬁF to 10@6 d on drf wei ght . of -

cenent . %gb nE & CARHAEY O © %ﬁ'ﬁF’r ’6‘?1“ 8f P& %ementi tious
conposi ti oaz.aleamyrhnnggllmoarnyometMcrych mc&deai;tag @ pbby conprising w) -

m xi ng (:OHB %EE?lé%E 8{§%0R)mgﬁggg£§fic acid ester and acrylic a01d or

methacryllc acid, neutralized with alkali.

4, A composition acéording.to:claimal or claim 2 in which component
b) comprises a copolymer derived from

j} a monomer of formulé-I \"J
CHz=C (Ry ) -CO-0~ (Rz=0) n-R3’ (D);  and
- k) a monomer of formﬁla II
CHp=C{R;)-COOX - | (II)
in which
each R; independently_is hydfogen or methyl; B
| o

Ro is Co_4 alkylene;
Rs is hydrogen or Cj_g alkyl;
n is an integer of from 1 to 100 inclusive; and

X is a monovalent or ;,, equivalent of a divalent metal,
ammonium or an amine group. '

5. A composition according to any one of the preceding.claims in
which the copolymer of component b) has. a molecular weight of .
23,000 to 27,000.



X) trap§fer|ng the m xtUre to—a—nezzle for expelling the mxture; vy)

i nt’r odwei ng conpon m of the nozzle prior to passing the

m xture through th "lﬂ}”’ﬂ“@a expelling the m xture thr@é&h £ENQ144
ne X

nozzle, to apply the urface to be coated. 11. cenentltlous
conposition substantially as herein described with reference to Exanples 1
and 2. -18-

6. A composition according to any one of the preceding claims in
which the amount of component b) used is at least 0.01% based on
the weight of cement.

7. A composition according to claim 6 in which the amount of
component b) used is 0.01 to 0.5%.

8. A composition according to any one of the preceding claims in
which component c¢) is selected from

1) inorganic salts (solid or liquid) comprising alkali aluminates
o/ and alkali carbonates, or mixtures thereof,

m) cement minerals, and
n) natural minerals.

9. A composition according to any one of the preceding claims in
which the amount of component c¢) used is 2 to 10% based on dry
weight of cement.

10. A process for the production and application of a cementitious
composition according to any one of the preceding claims
comprising

w) mixing components a) and b) together;
x) transfering the mixture to a nozzle for expelling the mixture;

y) introducing component c) upstream of the nozzle prior to
passing the mixture through the nozzle; and

o~
z) expelling the mixture through the nozzle, to apply the mixture
to a surface to be coated.

11. A cementitious composition substantially as herein described with
reference to Examples 1 and 2.




