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FLOMABI LI TY ADDI Tl VE 5 The present invention relates to
@ a nethod of inproving the punpability of cenentitious conpositions

and to a cegiysnpdsgi tive which is intended to inprove, theecrmperioesas

wor kabi l ity of cenentitious conpositions for punp application.

Punp application is a way of conveying cengnt conpositions such as cenent
paste, 10 nortar, and concrete to a desired place by -neans of a punp: In

t he buil ding of nodem | ar ge- scal e concrete structures, efficient
conveyance of |arge quantities.of concrete is achi eved by enploying a
hi gh-capacity punp and a | arge-di aneter pipe or branched pipes, . the

latter permtting concrete to be FRBOWABRITY ADDEEVRr€a at one tinme. Wile
this method is acceptabl e for conventional concrete, it is not
acceptabl e for the high strength, high-flow 15 concrete used in high-rise
concrete bw ldings inu “rr 3 W‘%

speci al prolypertles suchqgg hi ﬁﬁ‘zﬁ‘@iﬂgﬁ@ﬁ%aﬁ‘g ﬁfn? %’éP‘t‘m?ahmtyOf
attenpted to prementifioyh composmuenudéoe wmhedwehwuxches mtmd@d\te inpryeithed,

L wil ]| ose T guabid bt deollfiddld chhSositions for GRAY GGGy, L Ne degree of | oss

dependi ng on m X propo |ons envi tonmen conditions. The
carrying out of the process and t he quallty of the final concrete are

t her eby 20 conpr eral neans. have oposed
to address this prgﬁf“@r@pl?cﬁg% ’\5|aﬁ’63y|9‘78?1§’§¥'f’ﬁ§°’{‘%°°mp°sm°m bgﬁi & or
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water. of adding a thickening agent . these means, bpwever fave the o
S advant age

achieved by employing a high-capacity pump and a large-diameter pipe or branched pipes,

the latter permitting concrete to be cast over a large area at one time. While this method is

acceptable for conventional concrete, it is not acceptable for the high strength, high-flow

15 | concrete used in high-rise concrete buildings in urban areas, and which concrete exhibits

special properties such as high strength and self-filling. If it is attempted to pump such

concrete by the method hereinabove described, it will lose flowability during its
conveyance, the degree of loss depending on mix proportions, environment and on-site

conditions. The carrying out of the process and the quality of the final concrete are thereby

20 compromised.

Several means have been proposed to address this problem, involving increasing the
amount of powder or fine aggregate in a concrete mix, decreasing the amount of mixing
water, or adding a thickening agent. These means, however, have the disadvantage of

25  increasing the concrete viscosity, raising the pumping pressure, and reducing the durability
of the cured concrete (because of the presence of a higher proportion of powder). Such
disadvantages . sometimes hinder site. execution and. quality control, and hence the

abovementioned means are not a satisfactory solution at the present time.

30 The use of pumpability admixtures has been suggested, one such admixture
containing as essential ingredients polyethylene glycol and polycarboxylic acid-based
dispersing agent. Unfortunately, this dispersing agent increases the concrete viscosity or

cannot prevent the decrease of flowability completely after pumping.
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30 € Use of punpability adm xtures has been sugg , one such
adm xture contai ning as essential ingredients polyethylene glycol and
pol ycar boxyl i c aci d- based di sper si n& agent. Unfortunately, this -
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that in 10 certain difficult circunstances its performance was not

adequat e. Such circunst ances, .. Ancluded the considerable change in
fluidity just aftemhispumpinggid psevideda cppsiderable adyance insthe arg, by it was found thatin

factors agochypgfn idbRe ciibadmBROM peiniahce M %mea{gaéep Rulf o thrHR&d

fluctuations I n aggregate quality, or an increase In punping pressure
in a desire tdnalusddths considerable change in fluidity just after a mixing, or the fluctuations caused by

such factors as change in the mix proportions of the composition being pumped, fluctuations

in aggregate quality, or an increase in pumping pressure in a desire to reduce time.

15 It has now been found that it is possible substantially to overcome these problems
and provide good pmnp:ability and flowability for such concretes while retaining their good
properties. The invention' therefore provides a cement pumpability-enhancing additive
which consists essentially of

(a) polyethylene glycol;

20 (b) diethylene glycol monobutyl ether and/or a derivative thereof;
(c) polysaccharide; and
(d) a thickening polymer selected from the group consisting of polyacrylic
acid derivatives, polyacrylic amide derivatives, cellulose ethers, polyphenyl
ethers and polyalkylene glycol fatty acid esters;

25 the weight solids proportions of (a), (b), (c), and (d) in the additive being respectively 5-
55%, 10-80%, 1-20% and 1-20%. '

The invention additionally provides a method of improving the pumpability of a
cementitious composition by the incorporation therein prior to pumping of an additive as
30  hereinabove defined.

Diethylene glycol monobutylether (hereinafter "DGME") is a well-known material

and is commercially available, for example, as butyl "Carbitol” (trade mark). The derivative
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The invention additionally provides a nethod of inproving the punpability
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used in the present invention is preferably an adduct of DGVE with 1-2 nol

of propyl ene oxide. It is preferred tqQ have present at |east sone
DGVE, and the pref Stie@glysaceharide pseddn the present ipvention is praferally/one axymergcselected

abovement i qnedggH dit@fan, sugar alcohol, xanthan gum, guar gum, welan gum and 8- 1,3-glucan.

The thickening polymers for use in this invention may be selected from a wide range
of suitable materials. Preferred examples include polyacrylic acid derivatives,
polyacrylamide derivatives, cellulose ethers, polyalkylene glycol fatty acid esters and

15  alkylphenyl ethers. In the case of polyacrylic acid derivatives, polyacrylamide derivative
and cellulose ethers, they should be such that the viscosity of 1 wt. % aqueous solution is
from 1,000-1,000,000 cP (20°C). In the case of polyalkylene glycol fatty acid esters and
alkylphenyl ethers, the viscosity of 10 wt. % aqueous solution of these is preferably 10-500
cP (20°C). It is possible and permissible to use more than one such thickening polymer.

20
'The cement pumpability-enhancing additive according to the present invention should be
used in an amount adequate to achieve good pumpability with retention of properties. This
will vary depending on the cement composition to which it is added. Usuaily the amount
ranges from 0.05 to 5.0, preferably from 0.05 to 2, wt% (in terms of solids in the cement
25 additive) for the amount of cement contained in the cement composition. It is not
specifically limited so long as there is enough to impart desired flowability and pumpability
to the cement composition for pump application.

The cement additive according to the present invention should preferably be used in

30 combination with a cement dispersing agent. This may be selected from any of the
commercial-available cement dispersing agents, such as a polycarboxylic acid,
aminosulfonic acid, a napthalenesulfonic acid-formalin condensate, 2 melamine sulfonic

acid-formalin condensate, ligninsulfonic acid, and a hydroxycarboxylic acid, and metal salts



5 The pol yethyl ene glycol used in the present invention is

pref erablly one which has an aver age nol ecul ar wei ght (wei ght-average)
of from4,000 to 150,000. It is preferably present in the proportion
of from 5-50% The pol ysaccharide used in the present

I nvention i.spﬁrgﬁz_,géjabl y one or nore selected 10  from curglan, sygar

al cohol , xa m guar gum welan gumand [err]- 1, 3-glucan.
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Cementitions compositions to which the additives of this invention have been added
exhibit a combination of good pumpability and good viscosity. The compositions flow well
and are easy to apply. In an especially valuable embodiment of the invention, the high-
strength, high-flow concretes used nowadays for construction, which have not been easy to

20  pump using conventional technology, can be made readily pumpable with little or no loss of
properties by means of this invention. A particular feature of the invention is the ability of
the compositions according to the invention to minimise changes in fluidity under the
circumstances hereinabove described. The invention therefore also provides a method for
applying a cementitious composition by pumping, wherein there is first added to the

25 composition a pumpability-enhancing additive as hercinabove described, and the

~ cementfitious composition is then pumped. The invention further provides a pumpable
cementitious composition comprising a cementitious composition and a pumpability-

enancing additive as hereinabove described.

30 The present invention will now be further explained with reference to the following
non-limiting examples which demonstrate the application of the cement additive to mortar

and concrete.
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t hereof (including alkali nmetal salts and al kaline earth netal salts). In
this particular enbodi ment, the cenment dispersing agent should be
present in ar@mMEt up to 3% (by wei ght solids on ceggefkperodods t hi s
case, the total proportion of additive + cenent dispersing agent
shoul d not exceed 5% by wei ght solids baseg on cenent. 5 The

abovenenti oned DGVE/ DGVE  derivati-ve, polyethylene - glycol,

pol ysacchar i deExanpleskeni ng pol yner and di spersing agent shoul d prefer abI y
be used bl ended as a single conponent; however, they may al so be used
as two or nore conponents. 10 The cenent punpability-enhancing
addi tive accor Makgislsusede present invention nay be used in

conbi nation with other additives, such as air-entraining agents, drying
shri nkage a) i gagents, high-early strengthening agents, setting

accel erators, Opifvkgystehi %&%ﬁd specific FHit923).59) mﬁ&&sﬂwméstawhfx&kmé

and accel erating agents. Such addi t| ves pefformthelr
functions and deseribed a3 land sand™) ecognl sed quantities.

Cementitious c ﬁ& h e

been added RﬂPoﬁk&Jg a conbl na |o%n§f etci %’aﬂ%”%@ﬁ tﬂygﬁa%%%@oggﬁy%
viscosity. Theheaengiesdestribed a$ Yapushedsdnd™.) and are easy to apply. In an
especi al |y val yabl e epbodi nent of the |n - rength,
hi gh-f1 ow concMErEes & 94%%5‘35’\731‘? Fango %\ﬁ# ﬁnﬂ&% ’?ﬂﬁ&“ﬁg :
easy to 2010 phetginafier dgcibed detyit sandt.) technol ogy, can be nmade readily
punpabl e with !iitle or no | oss of properties by neans of this
invention. Ap 2 ature of the invention is the ability of

the conpositi oQgmedidRIoAé Eifished stohe(sheR ¥Ry trdvity=1.65, B irffkrd Emﬁbleramwpnzofxﬁ:m dity
under the circunstances her el nabove described. The invention

t herefore al soémmaes a nethod for applying a cenentitious-

conposi tion by P&lmﬂ@ﬁﬁhﬂ“@?@f’ﬁmhﬁf&h&ﬁb VOB Bnbdiecanent Co oratxon

conposition a pu l'i ty-enhancing ‘additive as herei nabove descri and
t he l;éne(ﬂwﬂéﬁwswb'ﬁﬁrﬁ@sl tion is then punped. The invention furt her

provi des a punp, gg_};ﬂtt ‘Iiﬁ*{;f Jarafely sl a
cenentitious corrpo@latﬁon an p{J lnﬁﬁ ! b%%gﬁg ng gg:g Ltd (s%es?lﬁc
her ei nabove de grrity8R0)

Usage of ordinary portland cement manufactured by Nihon Cement Co., Ltd. and fiy-ash

manufactured by Denpatsu Coaltech Co., Ltd. in a weight ratio of 4 to 1 (“FAC”) (specific

20  gravity=2.97)
d) Thickening polymer

Polyacrylamide derivative (“Sumiflock™ (trade mark) FA-200 manufactured by Sumitomo
Chemical Co., Lid. (“PAA”)
Cellulose ether (SFCA-2000 manufactured by Shin-Etsu Chemical Co., Ltd. (“CLE™)

25 Polyalkylene glycol fatty acid ester (Ionet (rade mark) DO-1000 manufactured by Sanyo
Kasei Kogyo Co., Ltd. “PAG™)
Alkylphenyl ether (“Nonipol” (trade mark) 100 manufactured by Sanyo Kasei Kogyo Co.,
Ltd. (“APE”) '
¢) DGME derivative:

30 Butyl “Carbitol” (“BCR”), tert-butyl “Carbitol” (“TBC”), adduct of butyl “Carbito]” with 1
mol of propylene glycol (“BP1”), adduct of butyl “Carbitol” with 2 mol of propylene glycol
(“BP2”)
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reference to the foll ow ng non-limting exanpl es which denonstrate
the application of the cement additive to nortar and concrete.
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PCT/ EP97/ 0 Exanpl es Mat eri al s used |
aggregate:aaég&ng? river systemland sand (speC|f|c gravity fhggw fi neness
nodul us=2. 72: hereinafter descri bed ai "l and sand".) Ako, Hyougo
prefecture, crushed sand (specific gravity=2.56, fineness nodul us=2. 93:

her ei nafter defpeh Ivoel egand” . ) Ki sarazu, Chiba prefecture,
pit sand (specj fIC g‘ﬁgwty =2. 63, fineness nodul us=2.41: 10 herei nafter
described as " ‘glypol (average molesglay g’@sh'g’é’%@ate@aﬁer mfm@?ésfﬁi'%t one

crushed stone ﬁﬁfg@gﬂéﬂe IVab1aMY Jiedul
c) Cenent: |n§r}§6qore¥%gg%a cenagﬁflw@c’) manu actureﬁ mchi bu

Onoda Cerent dnimm Gb'COliévcrag@mW welghtampﬂ@& hereinafer referred m@s\PGe'@D

G avi 1y, 20) Toet e ByERINRS tickall bl ana@éﬁéﬁﬁﬁamﬁ%ﬁa&ﬁ@ﬁ% non

Cenent Co., Ltgl.Polysgtchdrideash nmanuf act ured by Denpatsu Coal tech Co.
Ia'; dfh: ngnméw Q. of 4 {'err td asF(ﬁS ) (specific 20 gravity=2.97)
Sugar alcohol “Sorbit” (trade mark) PO-30 manufactured by Towa Kasei Kogyo Co., Ltd.,
hereinafter referred to as PO)
10  Xanthan gum (hereinafter referred to as XG)
Guar gur (hereinafter referred to as GG)
h) Cement dispersing agent: .
Polycarboxylate “Rheobuild” (trade mark) SP-8N manufactured by NMB Ltd., hereinafter
.referred to as SP-8N) :
15 Formalin high condensates of naphthlenesulfonate “Rheobuild” SP-9N. manufactured by
. NMB Litd., hereinafter referred to as SP-9N)
Formaldehyde high condenéate of melamine sulfonate “Rheobuild” NL-4000 manufactured
by NMB Ltd., hereinafter referred to as NL-40)
Mixture of lignosulfonate and oxycarboxylate (*Pozzolith” (trade mark) No. 70 by NMB
20  Ltd,, hereinafter referred to as PZ-70)
1) Mortar and concrete: mix proportion, preparation and materials
I-I) Mortar
An evaluation test is carried out using mortar of the mix proportion shown in Table 1. Each
material is measured so that the volume of the mix is 30 litres, and all the materials are
25 placed into a pan-type enforced mixer with a nominal capacity of 50 litres and mixed for
120 seconds to prepare the mortar. For the mix proportion shown in Table 1 are determined

water-cement ratio, sand-cement ratio, unit water content, unit cement content and unit fine-
aggregate content on the basis of the mix proportion of high flow concrete which exhibits
60+5 cm in the slhump flow in which a unit cement volume is about 550 kg/m’.

30  Additionally, the air content of the mortar is in the range of 1.5+0.5 vol%.
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manuf act ured by Shin-Etsu Chem cal Co., Ltd. ("CLE") 25 Pol yal kyl ene
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her ei naf t er r efntix pfopoition MNo. Parel28)3 cm, 58.0-70D chp latic ROXRY épectively, ahd! tHILSSE

(hereinafter referred to, ags.  CA Sugar al cohol "Sorbit" (trade mark)
PO 30 nanuf act LW%B”‘WWHW&%%% & 13510 @, 28.0-340 cm, and 4.0-}Q Vetepperiively.
referred to as PO 10 Xant han gum (hereinafter referred to as XG

GQuar gum (hereinafter referred to as GO h) Cenent dispersing agent:
Pol ycar boxyl at dablrdeobui | d" (trade mark) SP-8N manufactured by NMB Ltd.,

herei nafter : £ =t WW hi gh condensat es’ of
napht hl enesul f(Mg‘t y&%é@%ﬁi ?ﬁ N FEnG elé ured by
0. |ratio 5 ratio aggregate
1 ]30.0 1.30 OPC land sand
2 OPC crushed sand
3 OPC pit sand
4 LHC land sand
10 13 FAC land sand
Table 2 | |
Mix |[Water/cement |Percent Unit contents Cement |Fine
No. |[ratio (%) fine aggregate |(kg/m3) aggregate
(%) Water ~ |Cement
1-A  {30.0 44.8 170 867 OPC land sand
-B OPC pit sand
1-C LHC pit sand
2 85.0 49.0 170 309 OPC land sand
i) Sample:
15 In Table 3 are shown the types and the mixing ratio of thickening polymers, DGME

derivatives, polyethylene glycols and polysaccharides of sample used in examples and
comparative examples.
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o | PG20__ [100 |- - -
P - -___|PG-150_[100 |- - - .
Q__ |- - - - - PAA__|100
R - - - - - CLE _|100
S BCR__ |49 |- I CA 148 _|CLE |3
T BCR__|49 _[PG20 |48 - - CLE_|3
U BCR__|40___{PG20___ |40 CA___J20 |- -

2) Test method of mortar and concrete
5  2-1) Static pressure test for mortar
Using the mixed mortar samples shown in Table 1, there are measured the flow (Fpl) of
mortar intermittently added with a constant pressure and the flow (F0) of the same mortar
preserved at a standing condition for the same period of time. From this can be calculated
the mortar flow ratio (Fp1/F0) to evaluate the effect that the static pressure condition exerts
10  on the fluidity of mortar. These test results are shown in Table 4.
a) Application of pressure: The mortar sample is placed in a test container specified by
“Pressure Bleeding Test Method” in “Guide for Pump Application of Concrete (draft)”
prescribed by the Japan Society of Civil Engineers, and is pressurised so that the pressure
reaches 50 kgffem’ in 5 seconds. After maintaining this for 10 seconds, the pressure is
15 relieved in 5 seconds. After repeating 30 cycles of this operation, the mortar flow is
measured.
b) Mortar flow: The flow cone is used which is specified by “Method for Physical Test of
Cement” in JIS R-5201. After pulling up the flow cone filled with mortar, a stopped mortar
spread is measured.



M x \Water/cement Sand/cenment Cement Fine No. ratio (% ratio

aggregat e 1 30.0 1.30 oPC | and sand 2
OPC ~ .crushed sand 3 : oPC pit sand
4 LHC | and sand 10 5

FAC | and Table 2 Mx Water/cenent Percepé w
contents np Fi ne No. ratio (9) fine aggregate (kg rr%
aggregat e (9 Water Cenent

30. 0 44. 8 170 567 - oPC? land sand . 1 B

OPC  pit sandz.z)pmnpﬁlgﬁstofmom LHC pit sand 55 0
49.0 170 309 | and ;sand 1)

I n
Table 3 are shémgtthfen‘ﬂ’?ﬂé%"f@héﬁfllm%s shown iy Table 1o there Ql’?m@ m erﬁoWyﬁF‘E?)sOf

t[J)SZE in exngnr): es anﬁf&pﬁﬂﬂxﬂ% ar atlvgi%?OMMEyé&QW%Mﬂ%e

PCT/ EP97/ 06945 case and the flow (F! 0) of the mortar preserved at a standing condition for thé3same pend&adiﬂ e
POI yet h;l/}/gﬁé()f ngf%r%‘hﬁk yé'.{u@n%;&n% Qﬁ%bﬂe@ﬁn%bcﬁlmedorﬂor&rmﬂow%ho (Fpﬂ]’&? {;D %v[aluate
pol ymer the effect that the pumping condition exerts on the fluidity of mortar.

a) Pumping condition:

1) Pump: Mortar pump DM15 manufactured by Shin-Meiwa Kogyo Co., Ltd.

2) Pipe length: Flexible hose (2.5cm x 5Sm)

10  3) Discharge volune: 6.0 liters/min.

4) Pumping time: 10 min.

5) Environmental temperature: 20°C

b) Mortar flow: Measured as in 2-1 above

15  2-3) Pumping-test method of concrete
Using concrete adjusted to the mix proportion shown in Table 2, there are measured the
slump flow of concrete after pumping at a constant discharge volume and at a constant
pumping time using a concrete pump, and the slump flow of concrete preserved at a
standing condition for the same period of time as the pumping time, thereby being evaluated
20  the effect that the pumping exerts on the fluidity of concrete.
q) Slump flow: According to “Method for Test of Concrete Slump Flow (draft)” prescribed
by the Japan Society of Civil Engineers.
b) Air-entrainment property: According to JIS A 1128
c) Pumping condition:
25 1) Pumper: Model PY 110-25
2) Pipe length: Horizontal length 50 m (5 inch steel pipe)
3) Discharge volume: 30 m *ar.
4) Environmental temperature: 20°C
3) Test results:
30  3-1) Mortar
In Table 4 are shown the results of the static pressure test and the pumping test. From
Table 4 are ascertained the following effects in case of using the additive for cement

composition in the invention for mortar.
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Cement” in JIS R 520 1. After pulling up the flow cone filled with nortar,

a stopped nortar spread i s neasured. WO 98/ 24734

PCT/ EP97/ 06945 ' 9

2-2) Purrpi ng test of nortar Using the m xed nortar sanples shown in
Table 1, hﬁ sdf4 Teasured the flow (Fp2) of nor t ar, cqa}ﬂpg-;,o@hgrpl ng at
a const ant |sc arge volunme and at a constant punping tinme 1 n each

case and the flow (FO) of" the nortar p{ served at a standing condition for

the sane period o H-Hp-rer Re-rpehpHRgrt-Rer—-hef bei ng cal cul at ed
nortar flowratio (FpZ_E@) d evpljuat t e ef fle hat the punping
condition exerts pn thEEf ugigighcga biésmg oo B ing condition:
1) Punp: Mortar pl#p D\ % vt el 2l B8 B : NS o Co., Ltd.
2) Pipe length: F.éxib e hgsq 2} §c 5m ) rge volune: 6.0
liters/mn. ) Pl ﬁgi I ggo )=k onment al
;- K] |2 o Ll
t enper at ure: 20[e1?:1C gt =i nilb R4S n 2-1 above 15
2-3) Punpi ng-test rrPe_;h)d of | qomc| 4t { cpric adjusted to the
m x proportion shpyd in Tagl d 2,]tih¢rp |af § feasured |t slunmp flow of
concrete after pul@ig 28 Bl Q NSRS DRG] at a const ant
punping tinme usin ciaiso =1ic] concrete
preserved at a . staidih ohdi t[i prn r apg perijod of tine as the
punpi ng tinme, thegeby @ifg]g @ gi Y pal éﬁgi—@t t he punpi ng
exerts on the flufdityjef® eI NI ) ] SAccording to
"Met hod for Test @f Copci2tée |Slu t bW (draf o)l ptdsér Hed by the
E W p y
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c) Punping condition: 25 1) Punper: Mdel PY 110-25 2) Pipe |length:

Hori zontal length 50 m (5 inch steel pipe) 3) Discharge volune: 30
nerr] /'hr 4) Environnental tenperature: 20[err]C 3) Test

resul ts: 3-1) Mortar In Table 4 are shown the results of the
static pre t and the punping test. From Ta
ascertaPneZﬁlpﬁ%ﬁfl ow ng effects in case of using the ad ict%‘l vgﬁéﬁg‘?s cenent
conposition in the invention for nortar. WO 98/ 24734 '

PCT/ EP97/ 06945 . 210 err]

The examples 1-13 are according to the invention.

For comparison, it is shown that the comparative examples 1 and 2 are those to which
polyethylene glycol and cement dispersing agent are added, the comparative examples 3 and
5 4 are those to which thickening polymer. and: cement dispersing agent are added, the .
comparative example 5 are those. to- which DGME derivative, polysaccharide, thickening -
polymer and cement dispersing agent are added, the comparative example 6 are those to
which DGME derivative, polyethylene glycol, thickening polymer and cement dispersing
agent are added, the comparative example 7 are those to which DGME derivative,
10 pplyethylene glycol, polysaccharide and cement dispersing agent are added, the comparative
example 8 are those to which polyethylene glycol, polysaccharide, thickening polymer and
cement dispersing agent are added, and the comparative examples 9-11 are those to which

cement dispersing agent only are added.

15  The flow ratios of mortar in the static pressure condition and the pumping condition in the

examples 1-13' are larger than those in the comparative examples 1-11 so that the decrease

- of fluidity is small and the pumping pressure is also small. Consequently, the pumpability of
mortar using the additive in the invention shows a good performance in all cases.

20 The examples 14-17 show the cases in which the samples A or L of the invention and
cement dispersing agents are used, and in which the type of the cement dispersing agent is
varied. For comparison, it is shown that the comparative examples 9-11 are those to which |
cement dispersing agents only are added. The flow ratios of mortar on the static pressure
condition and pumping condition in the examples 14-17 are larger than those in the

25  comparative examples 9-11, therefore, it can be understood that the decrease of fluidity is
small and the pumping pressure is also small. Consequently, it is ascertained that the
pumpability of mortar using the additive of the invention shows a good performance even if
the type of cement dispersing agent is changed.

30  The examples 1, 18 and 19 show the cases in which the sample A in the invention and a
cement dispersing agent are used, and in which the type of cement is varied. For
comparison, it is shown that the coxﬁparative examples 7, 12, 13 and 14 are the cases in

which the sample U and the cement dispersing agent are used, and in which the type of



WD 98/ 24734

PCT/ EP97/.06945 [err] WD 98/ 24734
PCT/ EP97/ 06945 12 The
exanples 1-13 are according to the invention. For conparison, it is

shown t hat arative exanples 1 and 2 are those to WaifBporeeoss
pol yet hyl enéﬂgﬁ,}go and cenent dispersing agent are added, tﬁchorrpar ative

exanples 3 and 5 4 are those to which thickening polyner and cenent
di spersing agent are added, the - conpé?ative exanple 5 are those to

whi ch DQVE deri | 00| ' i nt
di spersing ageﬁ%tgiﬁﬁﬁéﬁﬁﬁgﬁgﬁﬁi ve e aﬂ%gﬁsgegfgpg&t%d;@és@ggm‘é&ﬂﬁ

whi ch DGVE der icouditiapeand pumpiag egndition ig ithecxampleh],dRand A9 ayscimatter thamitiossdnthet
di spersing d h i X le 7 are.those t.0
whi ch DGQVE der icsxg?ig\gltg%e %{?&pﬁg’p yetﬂ#y en%gg&%gll%{&b%%@%ﬁdgdé Y g'eh?nt
di sper si ng agernavention is gdedieven lifthe typeaf atrhent is changede@n il @nftany thetcbMmparatve
whi ch pol yethyl ene .gly.col | ysaccharide. thickeni ng.pol r and

cenent disp&rs ieﬁﬁn%{g Z’rﬂ' wﬂcggﬁed%@#y %ﬁ?ﬁﬁ%@"cmq“&’é&e%? BUMpDg Rresspge
those to which are also smfllyehéwylgstdesunipatili) Blatvetdd| the toMpadsiexamples 12 alig4

flow rati os of rtar in the stati, ressyre conditjon and_ the punping,
condition in tfEow e tends&%{ﬁﬁt@?afim‘ﬁyp%%emg@?aﬂwmstaﬂ%efomnﬂw@érpmmg
conparative exafpiRputhpihg phlsur'dkrebREMFREY, &EhBwn in the c%ngrﬁt'i%@x&% 1%33,%3#'
and the punping pressure is also snall. Consequently, the purrpa? Ity o
case when the added amount of the cement dispersing agent is decreased and the fluidity just
10  after the mixing is made identical with that of the examples, it is shown in that the fluidity
change before and after pumping and the increase of pumping pressure tend to be

accelerated.

The examples 1, 20 and 21 show the cases in which the sample A in the invention and a
15  cement dispersing agent are used, and in which the type of fine aggregates is varied. For
comparison, it is shown that the comparative examples 7, 15, 16 and 17 are the cases in
which the sample U and the cement dispersing agent are used, and in which the type of fine
aggregates is varied. The fluidity change and pumping pressure of mortar on the static
pressure condition and pumping condition in examples 1, 20 and 21 are smaller than those
20  in the comparative examples, and the pumpability of mortar using the additive of the
invention is good even if the type of fine aggregates is changed. On the contrary, the
comparative example 7, in which the fluidity change before and after pumping and the
pumping pressure are also small, shows good pumpability, however, the tendency is shown
that in the comparative examptle 15 the fluidity change just afier mixing and before and after
25 pumping and the pumping pressure increase, and that in the comparative example 16, the
fluidity just after mixing decreases and the fluidity change before and after pumping and the
pumping pressure increase. Further, as shown in the comparative example 17, in the case
where the added amount of the cement dispersing agent is increased and the fluidity just
after the mixing is made identical with that of the examples, it is shown that the fluidity
30 change before and the increase after pumping and the increase of the pumping pressure tend
to be inhibited, however, its pumpability of mortar is inferior to that of mortar in which the

additive. of the invention is used.



nortar using the additive in the invention shows a good performance in all

cases. .20 The exanpl es 14-17 show the cases in which the sanples A or L
of the:invention and cenment di spersing agents are used, and in which
the type of the cenent dispersing agent is vari ed. For conparison, it
i's shown th%&,%;orrpar ative exanples 9-11 are those to Wmheroees CEMENt
di spersing agents only are added. The flow ratios of nortar onthe static
pressure condition and punping condition in the exanples 14-17 are

| arger than those in the 25 conmpar ative Bkanples 9-11, therefore, it-can
be understood that the decrease of fluidity is smal | and the punping
pressure is also small. Consequently, it is ascertained that the

punpability of nortar using the additive of the invention shows a good
per for mance evse_a C%n test the type of cenment dispersing agent is changed.
30 The exanp eg ,creﬁ and 19 show the cases in which the sanmple A in the

i nvention’and m Table 5 aseshwin te sesalts ofithe PymPingaet. ProadTakled dre avdeitsifed the
type of cenent . is vari.ed. . For . conpari.son, it is showm.that the
conpar at i ve® ex m-eﬁg‘gﬁ &iﬁas&r?é'“i‘&g e for cerent composition, j; the, inveption
sanpl e U and t ke ceiRpet)t - di spersing agent are used, and in which the type of
WD 98/ 24734

PCT/ EP97/ 06945 : 13

cement s vari o etiifpitd 93,033, Yo7 Bi198 RO dhb!GRcd tn RRIEEHS Whe® aiti V" fof cofthut 11

static pressure N condi tion and punping condition 1n the exanples 18
and 19 are smaforaposition of theoigeentian arecused. For compirisontit iscshowarthitethe compharative

punpabi | it yq of I ' . LLlve.dn. Lnvention i s qood
Bven it t ni0 yERipI@21ER o e Ml AR et el et onty, DV Gk andul S
exanple 7, in ufithe Blumpdlo hei&}ie and a:ﬁwlargnpihgfonoﬁthaahin@fin mg_e}sgt?ﬁbm%aam’it djﬂt ]
punpi ng pressuig. are al so _snm S ood punpability. ve e
conparative exgﬁﬁﬁ ]églfzcnéﬁ‘&? lffmaﬁer co a/??mﬁggfne & &P Wﬁtexg'ﬂglef &ﬁi“'ﬁ‘; £
change just af sigwing tavthawnngpabilibedfebherée osigd the hdddtiveih 1@ invention i8@6od. he

punpi ng pressure increase. Further, as shown in the conparative exanple 13,
in the

15 The examples 22, 24 and 25 show the cases in which the sample A of the invention and a
cement dispersing agent are used, while the types of cement or fine aggregate are varied. For
comparison, it is'shown that the comparative examples 18, 19 and 20 are the cases in which
the sample U and the cement dispersing agent are used, while the types of cement or fine
aggregate are varied. The decreased amount of the siump flow before and after pumping in

20 the examples 22, 24 and 25 is as small as 0.5-1.5 cm and the pumpability of concrete using
the additive in the invention is good even if the types of cement or fine aggregate are
changed. On the contrary, the comparative example 18, in which the decreased amount of
the slump flow before and after pumping is as small as 1.5 cm, shows good pumpability,
however, in the comparative examples 19 and 20 the decreased amount of the slump flow

25  just before and after pumping is as large as 6.0 cm and 4.0 cm respectively, and the change
of the slump flow at the standing condition is also large compared to that of the examples.



case when the added anount of the cenent dispersing agent is decreased and
the fluidirty just 10 after the mxing is nmade identical with that of the

exanples, it is shown in that the fluidity change before and after
punpi ng and the increase of punping pressure tend to be accel erat ed.
The exanmpl eswdoggfhapnd 21 show the cases in which the sanp&eﬂﬁﬁ#béﬁp
“invention and a 15 cenent di spersing agent are used, and'in t he
type of fine aggregates is varied. For conparison, it is shown that
the conparative exapples 7, 15, 16 and 115 are the cases.in whi ch the
sanple U and the ces | sper $i ng agent jard usgd, WhRfch |t he type of
fine aggregat pgq.i" Ige . The il di punpi ng pressure
of nortar on the sthtli 5 el _i‘hg_gg{dition in
exanples 1, 20 and PI MR ==l ve
exanpl es, and the pd& [ f njort e of the
I nvention Is good e@% t ypg of chahgec. On the
contrary, the of ati ve.exiappl.e o lg(:ﬁthe filui di ty change
bﬁomemdﬁta;wﬁ%gé@tv 2z Qe 80 elb w8 ehfsg small,
shows good punpabi | [Ty, hOWEVET;: tne— VT Stow——t /4t in the
conpar ati ve exanpl el.l15 tiRsiE ${HIHNE 2HEL and before and
after 25 punpi ng Hind t@ég % : ﬁéﬁ;&ﬁa@ggat ifn the
conparati ve exanpl e{@6, [hEI& 5|2 E[E & s§| 2k @s| 8 §ligh§| dedr eases and
the fluidity changeQJ%f 83@@ f§g8 gzg Cg.g g_gmpl ng pressure
i ncrease. Further, H5gs 28 hea:.g o I,..ef_g]f?e__1 t he case
where the added ampfmt TRt o PG AR AR oaded and the
fluidity just ® moxin =i dgnt | call wiltgh [hatf of the
exanples, it is sho de §| ui%lgi. Schghgge b goré af@ the increase
after punping and tf %e Bf [the irg presgir ¢at gred |2 to be
i nhi bi ted, however, = o Bt o=t -hEed Bar 2hat of nortar
in which the %? [ A Lg)f t hg i nyentiorn i s} used. WD 98/ 24734
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3-2) Concrete test In Table 5 are shown the results of the punping
test. . From Table 5 are ascertained the 5 follow ng effects in the case

of Using the additive for cenment conposition in the invention for

concrete. The exanples 22, 23, 27 and 28 show the cases in which
the additiv enment conposi tion of the inventi0ﬂ%§ﬁ eag. For
conparison,%ﬁ?&ﬁéﬂ%homn that the conparative 10 exanpl es Q 22 are
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fine agg ey conerets thidtlis ﬁ&em&lbgodbhmnﬁ@aﬂli@rmd Iflbwﬁflhﬁyhe slunmp flow
before and after punping in 20 the exanples 22, 24 and 25 is as small as
0.5-1.5 cmand the punpability of concrete using the additive in the

invention is good even if the types of cenent or fine aggregate are’
changed. On the contrary, the conparative exanple 18, in which the
decreased anount of the slunmp flow before and after punping is as
small as 1.5 cm shows good punpability, however, in the conparative
exanples 19 and 20 the decreased anount of the slunp flow 25 just before
and after punping is as large as 6.0 cmand 4.0 cmrespectively, and the
change of the slunp flow at the standing -condition is also |arge
conpared to that of the exanples.
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Consequently, use of the punping additive according to the invention :
al l evi ates Emes entirely conventional problens, §H‘frgrﬁﬁt6ﬁ5 '
consi der abl 3’[’% angé‘ of the fluidity just after m xi ng or before and

after punping, and an increase of pressure at a tine of punping, due to
a difference in a mx proportion of ecenent I(’Zorrposition or in a materi al
used, and due igeiRsS - fluctuation of aggregate's grain or surface water.
Thus, it becones possible to prepare high- quality concrete that is
extremel y good li n pémeaent pumpability-enhancingiatiditiye which consists wSes@iy4734

PCT/ EP97/ 06945 (a) polyethylene glycol; 17

(b) diethylene glycol monobutyl ether and/or a derivative thereof;
5 _ (c) polysaccharide; and
(d) a thickening polymer selected from the group consisting of polyacrylic
acid derivatives, polyacrylic amide derivatives, cellulose ethers, polyphenyl
ethers and polyalkylene glycol fatty acid esters;
the weight solids proportions of (a), (b), (c), and (d) in the additive being
10 respectively 5-55%, 10-80%, 1-20% and 1-20%.

2. A cement pumpability-enhancing additive according to claim 1, wherein, when a
derivative of diethylene glycol monobutyl ether is used, it is an adduct of diethylene
glycol monobutyl ether with 1-2 mol of propylene oxide.

15

3. A cement pumpability-enhancing additive according to claim 1 or claim 2, wherein
both diethylene glycol monobutyl ether and an adduct of diethylene glycol
monobutyl ether with 1-2 mol of propylene oxide are used.

20 4 A cement pumpability-enhancing additive according to any one of claims 1-3,
wherein the polysaccharide is selected from one or more of the group consisting of
curdlan, sugar alcohol, xanthan gum, guar gum, welan gum and 8-1,3-glucan.

5. A cement pumpability-enhancing additive according to any one of claims 1-4,

25 wherein, when the thickening polymer is selected from polyacrylic acid derivatives,
polyacrylamide derivatives and cellulose ethers, it is selected such that the viscosity
of a 1 wt. % aqueous solution thereof is from 1,000-1,000,000 cP (20°C), and when
it is selected from polyalkylene glycol fatty acid esters and alkylphenyl ethers, the
viscosity of a 10 wt. % agqueous solution of these is from10-500 cP (20°C).

30

6. A method of improving the pumpability of a cementitious composition by the
incorporation therein prior to pumping of an additive according to claim 1.
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15 condensate, a melamine sulfomc acid-formalin condensate, ligninsulfonic acid, and a
hydroxycarboxylic acid, and metal salts thereof (including alkali metal salts and
alkaline earth metal salts).
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7. . A nmethod of inproving the punpability of a cenentitious conposition
according to claim6, wherein there is additiongfa added to

the cenentitious conposition a cenent di spersi "j_[lvr @nt, this
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(57) Abstract

A cement pumpability-enhancing additive which confers good pumpability on cementitious compositions such as concrete consists
essentially of (a) polyethylene glycol; (b) diethylene glycol monobutyl ether and/or a derivative thereof;, (c) polysaccharide; and (d) a
thickening polymer selected from the group consisting of polyacrylic acid derivatives, polyacrylic amide derivatives, cellulose cthers,
polyphenyl ethers and polyalkylene glycol fatty acid esters; the weight solids proportions of (a), (b), (c), and (d) in the additive being
respectively 5-55 %, 10-80 %, 1-20 % and 1-20 %. The additive is preferably used with a cement dispersing agent.




