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1 c.ase 154-0234 

WORKABLE CEMENTITIOUS COMPOSITIONS 

This invention relates to cementitious compositions and more particularly to cementitious 

compositions having enhanced slump characteristics. 

The oldest and most widely-used assessment of the workability of cementitious 

compositions such concretes or mortars is the slump test, defined in ASTM C 143. A 

frusto-conical mound of cementitious composition is moulded on a table and the mould 

then removed, the slump being the difference in height from the table between the top of 

the original mound and the level to which it falls. The bigger the slump, the better the 

workability. 

Achieving sufficient slump for a sufficiently long period can prove difficult under some 

conditions, and it can happen that a cementitious composition loses slump too quickly and 

sets up before the composition is in place, with unfortunate consequences. The art­

recognized plasticizers and superplasticizers cannot rectify this problem. 

It has now been found that it is possible to maintain slump of a cementitious composition 

for a considerable period by the addition thereto of certain materials. There is therefore 

provided, according to the present invention, a method of achieving sustained workability 

of a cementitious composition, comprising the addition thereto of a wa~er-soluble 

poly(alkylene oxide) of molecular weight from 100,000-8,000,000 and a plasticizer or 

superplasticizer selected from the group consisting of lignosulphonates, melamine 

sulphonate formaldehyde condensates, polycarboxylates and styrene-maleic anhydride­

based copolymers (hereinafter SMA copolymers) in tree acid or salt form selected from the 

group consisting of 
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(a) those having the following types and numbers of monomer units: 
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x 

in which R is an C2-salkylene radical 

R1 is a C1•2aalkyl-, C6•9cycloalkyl- or phenyl group, 

x, y and z are numbers from 0.01 to 100 

m is a number from 1 to 100 and 

n is a number from 1 O to 100 

with the provisos, that 

i) the ratio of x to (y + z) if from 1:10 to 10:1 inclusive, 

ii) the ratio of z:y is from 3:1 to 100:1 and 

iii) m + n = 15-100 

and 

n 

(b) those having the following types and numbers of monomer units: 
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in which Mis hydrogen or the residue of a hydrophobic polyalkylene glycol or polysiloxane, 

R, R1, m and n are as hereinabove defined, 



a. b and c are numbers from 1 to 100 

with the proviso that 
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i} the ratio of a to (b + c} if from 1 :·1 O to 10: 1 inclusive, 

ii} the ratio of c:b is from 5: 1 to 100: 1 and 

iii} m + n = 15-100 
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The invention further provides an admixture for use in the cementitious composition, 

comprising a mixture of a polyalkylene oxide as hereinabove defined and a plasticizer or 

a superplasticizer as hereinabove defined. 

The invention further provides a concrete or mortar mixture whose slump characteristics 

have been altered by the addition thereto of a poly(alkylene oxide} and a plasticizer or 

superplasticizer as hereinabove defined. 

It is often very important. not only thata given concrete or mortar mixture has an adequate 

slump when it is being transported or worked, but also that this slump be readily reduced. 

The best example of this occurs with sprayed concrete, sometimes known as "shotcrete ". 

Here, a concrete is required to be pumpable (a condition which requires considerable 

slump), but when it is sprayed on to a substrate, it is required to become stiff very quickly 

(a condition which allows nearly no slump}. There are naturally many other uses where 

it would be very convenient to change completely the slump characteristics of a concrete. 

However, hitherto, drastic changes of slump have only been possible by adding 

accelerators or otherwise influencing the reaction between the admixture and the cement. 

It has now been found that a particular embodiment of this invention makes it possible 

to change completely the slump characteristics of a cementitious composition from high 

to low by a relatively simple operation without influencing the setting of the cement. The 

present invention therefore further provides a process tor modifying the slump of a 

cement mix, comprising the addition to the mix of a water-soluble poly(alkylene oxide} 

as hereinabove defined, a plasticizer or superplasticizer as hereinabove defined, and a 

~-naphthalene sulphonate-formaldehyde condensate ("BNS''}, the poly(alkylene oxide} 
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and the BNS being added separately, one of thBig added prior to end-use of the 

cementitious composition. 

The invention further provides the use of BNS,njunction with a water-soluble 

poly(alkylene oxide) as hereinabove defined· at least one plasticizer or 

superplasticizer selected from Jignosulphonates,1~;ne sulphonate-formaldehyde 

condensates, polycarboxylates and SMA copolynks an additive to a concrete or 

mortar mix to reduce the slump thereof. 

'(; 

The invention further provides a product adapted tolce stump in a concret~ or mortar 
;. 

mix, comprising poly(alkylene oxide), BNS anJsticizer or superplasticizer as 

hereinabove defined, together with instructions for~ use . 
~~ ., 

~;-· 

Th~ poly(alky~ne oxide) suitable tor use in this invea may be selected trom any such 

swtable matenals known to the art. The requiremeAat the material be water-soluble 

means that the material must include at least a higtr~portion of oxyethy/ene units. It 

is preferable that the materials be pure poly(ethylene~ide). /tis also preferable that the 

molecular weight lie in the range 2,000,000-5,000,00. Typical commercial products 

useful in the working of this invention may be found, l6r example, in the "Polyox" (trade 

mark) range of Union Carbide Chemicals and PlastiCS Company, Inc. 

In an especially preferred embodiment of the invention, the poly(alkylene oxide) is 

·partially replaced by an alkyl or hydroxyalkyl cellulose. 

The alkyl or hydroxyalkyl cellulose for use in this invention maY .be any (hydroxy)a/kyl 

celluloses known to the art. A number of such materials, tor ~xample methyl, ethyl and 

hydroxyethyl celluloses, are commercially-available materials. Methyl cellulose is the 

preferred material. 

It is essential that there be used in conjunction with the poly(alky/ene oxide) at least one 

plasticizer or superpfasticizer selected from Jignosulphonates, melamine sulphonate-
1 

! l1ii1mr~ii~ir 
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formaldehyde condens~tes. polycarboxylates and SMA. A plasticizer or superplasticizer 

is a material which has the facility of reducing the water content of a cementitious mixture 

considerably (sometimes by as much as 30%). They are described, for example, in 

"Concrete Admixtures Handbook" (ed. Ramachandran, Noyes 1984) or "Concrete" 

(Mindess & Young, Prentice-Ha/11981 ), the contents of which are incorporated herein by 

reference. Details of art-recognized superplasticizers are given, for example in 

Ramachandran at pp. 211-213. 

Details of the SMA copolymers, which, for the purposes of this invention, are the 

preferred (super)plasticizers. are to be found in European Published Application O 306 

449 and German Offenlegungsschrift {published application) 41 42 388, the contents of 

which are incorporated by reference. 

The BNS for use in this invention is a readily-available material, widely used as a 

superplasticizer in the concrete industry. It is an unusual feature of this invention that the 

BNS does not act in this manner in the composition of the invention. It can be used as 

a powder but it is preferred that there be used an aqueous solution containing 

approximately 40% of active substance in the form of the sodium salt. 

The combination of BNS with poly(alkylene oxide) and, where present, (hydroxy)alkyl 

cellulose and plasticizers or superplasticizers, added sequentially as hereinunder 

described, has the unique ability to confer on cementitious compositions long-lasting flow 

(high slump) followed immediately by a rapid stiffening (low slump). Conventional 

plasticizers or super-plasticizers such as melamine sulphonate-formaldehyde 

condensates have a good plasticising effect when used alone, but this is lost after a short 

period and slump goes quickly from high to low. 

The mode of use of the invention is that one of the poly(alkylene oxide) and BNS is 

mixed into the cementitious composition mix at a suitable stage ("the first addition'1 and 

the final substance is added and mixed in prior to end-use ("the final addition'1. Precisely 

when this final addition is made depends very much on the nature of the mix and the 



6 Case 1 54-0234 

requirements of the job but this can readily be ascertained by the skilled person. Thus, 

if the concrete is to be poured from a conventional mixer, the second substance is added 

and mixed in just before the pour. In the case of concrete or mortar spraying, the second 

substance is injected into the spray nozzle. 

The substances can be added to the concrete mix in any order, that is, the poly(alkylene 

oxide) and, where present, (hydroxy)alkyl cellulose may be incorporated into the mix and 

the BNS added to the mix just before end-use, or vice versa. The former possibility is 

preferred. The piasticizers or superplasticizers may be added at any time, but it is 

preferred to add them at the same time as the poly(alkylene oxide), preferably mixed with 

the poly(alkylene oxide). 

It is additionally preferred that the poly{alkylene oxide) and the plasticizer or 

superplasticizer be added first, with the BNS being added later. This has the advantage 

of giving the maximum slump for the longest time. 

It is a particular feature of the invention that the use of a combination of poly{alkylene 

oxide) (optionally with (hydroxy)alkyl cellulose) + superplasticizers with BNS in the 

manner hereinabove descrfbed gives a relatively long period of high slump followed by 

a rapid onset of low slump. The reduction of slump at the moment of the final addition 

is so quick that for many purposes the usual addition of an accelerator becomes 

superfluous. Only in the case of shotcrete where fast strength development is necessary 

will a combination of BNS with an accelerator be added to the nozzle. 

The relative quantities of the substances to be used in the working of this invention and 

their relation to the quantity of cementitious composition may vary over wide limits, 

depending largely on the composition of the mix, the use to which it is to be put, the 

method of application. the desired speed with which the slump properties are to change 

and the desired initial and final slumps. Other factors such as ambient temperature may 

have an effect on the proportions needed. 
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With only minor experimentation the skilled person can readily determine suitable 

proportions in any given case. As a general guideline quantities of 0.001 to 0.01% by 

weight of poly(alkylene oxide) and 0. 1 to 1.5% by weight of the BNS (calculated as active 

substance), based on the weight of cement, will be used. When (hydroxy)alkyl cellulose 

is used, it may replace up to 50% by weight of the poly(alkylene oxide). 

The ratio of poly(alkylene oxide) and where present, (hydroxy)alkyl cellulose to SNS will 

be from 1 :100 to 1 :30. 

The plasticizer or superplasticizer is added at a rate of 0.03 to 0.5% (calculated as active 

substance) by weight of the cement. 

In a further preferred embodiment, the invention provides an additive for addition to a 

cement mix on batching, comprising a SMA copolymer as hereinabove described and a 

poly(ethylene oxide) of molecular weight from 2,000,000 to 5,000,000 in a ratio of from 

30:1 to 4:1. 

It is permissible to add any of the wide range of concrete admixtures to the mix (prior to 

the addition of the second substance prior to use). An admixture is, according to the 

definition in ASTM C 125 

"a material other than water, aggregates and hydraulic cement that is used as an 

ingredient of concrete or mortar and is added to the batch immediately before or 

during its mixing" 

(See, for example; "Concrete" and "Concrete Admixtures Handbook'', as mentioned 

h~reinabove). Examples of such admixtures are retarders such as s~dium phosphate 

and, particularly preferred, phosphonic acid derivatives, especially those available under 

the trade mark DEQUEST as decribed in, for example, European Published Application 

No. O 324 501, the contents whereof are incorporated herein by reference. 
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As hereinabove indicated, the addition of accelerators will not always be necessary for 

rapid stiffening. In the case of shotcrete however, it is preferred to use known 

accelerators such as silicates (typically sodium silicate ("water glass'? and aluminates 

which are added in amounts of about 2-8% by weight, based on the cement weight. A 

further feature of the invention is, therefore, the combination of BNS with silicate and/or 

aluminate. 

A preferred admixture in this connection is the combination of 8 parts of sodium silicate 

(30-45% solution), one part of the 40% aqueous solution of BNS and one further part of 

water. 

The invention is generally applicable to all cementitious compositions, however 

constituted and however used, where a long period of workability and/or a relatively rapid 

transformation from an initial high slump to a final low slump are required. It is especially 

valuable in spraying concrete ("shotcretej, e.g. for permanent final linings, including fiber 

shotcrete, where it gives less rebound, better orientation of any reinforcing fibers present 

and higher strength. It is, also applicable in sprayable thixotropic plastering mortar, in 

pourable repair mortar, in slipforming concrete and in road or pa.vin_g concrete. · .· 

The invention is further described with reference to the following examples· in which all 

parts are expressed by weight. 

liiifif 
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Example 1 

Spraying concrete for rock support (wet method) 

A mixture consisting of 41 O parts of cement, 25 parts of silica fume, 1480 parts of sand 

(0-Bmm), 0.6% by weight (on cement) of stabilizer (phosphonic acid derivative), 2 parts 

of a combination of 20 parts of copolymer of styrene and maleic acid ester with 1.5 parts 

of poly(ethylene oxide)-Polyox WSR 301 of Union Carbide- 1 part of lignosulphonate and 

water to achieve a ratio of 0.5 (water/cement & sand) is made up and pumped in the 

usual manner through the hose to a nozzle where an activator combination consisting of 

8 parts of sodium silicate (36% aqueous solution), 1 part of an aqueous solution (40%) 

of p-naphthalene sulphonate-formaldehyde condensate and 1 part of water is added (3% 

by weight of cement). 

The initial slump of 25 cm can be kept unchanged over 1 U? hours. Nevertheless, the 

mixture can be sprayed in the usual manner with a reduced rebound and a high early 

strength within 2 hours. 

Example2 

Spraying fiber concrete 

A mixture consisting of 450 parts of cement, 36 parts of silica fume, 1400 parts of sand 

(0-Bmm), 8 parts of the combination mentioned in Example 1, 50 parts of 40mm fibers 

and water to achieve a ratio of water to cement and silica fume of 0.41 (WIC+S) is made 

up and pumped in the usual manner. In the nozzle 4% by weight of cement of the 

activator combination mentioned in Example 1 is added. 

The use of this mixture reduced the high fiber rebound and increased the toughness 130• 



Example 3 

Repair mortar for handspraying 

Mix design: cement 

silica fume 

sand (Dmax 6 mm) 

lignosulphonate 

stabilizer (phosphonic 

acid derivative) 

combination of Example 1 

Water/Cement + Silica fume 

10 Case 154-0234 

450 parts 

25 parts (densified powder) 

1480 parts 

3 parts 

1 part 

4 parts 

0.45 

· The slump of 24 cm remained unchanged, when batching was performed during 

transport. Before spraying, 2% by weight of cement is added from the activator 

combination of Example 1. 

Example 4 

Spraying mortar on a bob track 

cement 

silica fume 

sand (0-Bmm) 

polymer additive 

(polyvinyl acetate powder} 

polypropylene fibers 

1 Bmm steel fibers 

combination of Ex. 1 

stabilizer {phosphonic 

acid derivative) 

Water/Cement +Silica fume 

400 kg 

10 kg 

1670 kg 

3% of cement weight (12.5 kg) 

.1 kg 

60 kg 

8 kg 

0.6% of cement weight(2.5 kg) 

~0.45 

This Sheet Has Been Replaced· i 

1 ·111itli 11111111\IJll llll 
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Add in nozzle activator of Ex. 1 (4% of Cement + Silica weight). 

Example 5 

Shotcrete with a slump of 21 cm is prepared by mixing 

cement 400 kg 

silica fume 30 kg 

sand (0-Bmm) 1700 kg 

stabilizer (phosphonic 2.8 kg 

acid derivative) 

combination of Ex. 1 5 kg 

Water/Cement + Silica fume 0.5 

A 40% solution of P-naphthalene sulphonate-formaldehyde condensate is added in the 

nozzle (1 % of cement + silica fume weight). 

The process enables spraying of thick layers on vertical substrate. 

Example 6 

Plastering mortar containing 

cement 

sand (0-4mm) 

combination of Ex. 1 

Water/Cement 

200 kglm' 

1800 kglm1 

2 kglrrf 

0.5 

has a good flowable consistency. When spraying, 1.5% of cement weight of the solution 

used in Example 5 is added in the spraying nozzle 

11i1ii1ii1iITf 
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Example 7 

A flowable grouting/repair mortar is made up by mixing 

cement 45.4 parts 

sand 48.7 parts 

calcium oxide 3.2 parts 

silica fume 2.0 parts 

BNS"'powder 0.6 parts 

antifoam agent o. 1 parts 

Water/Cement + Silica fume 0.5 

when spraying, 2% cement weight of a 1 % solution of Polyox WSR 301 is added in the 

nozzle. 

"'BNS is ~-naphthalene sulphonate-formaldehyde condensate. 

Example B 

Example 1 is repeated, but with O. 75 parts of the polyethylene oxide used in that example 

being replaced by o. 75 parts of hydroxyethyl cellulose. 

The slump performance of the resulting composition is similar to that of the composition 

of Example 1. 
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Claims: 
' 1111111111111111111111111 1111 

* C L M S * 

1. A process for modifying the slump of a cement mix, comprising the addition of two 

substances to the mix at different times, the later addition being made prior to the 

end-use of the concrete or mortar, one of the substances being a water-soluble 

poly(alky/ene oxide) of molecular weight from 100,000-8,000,000, and the other 

substance being a ~-naphthalene sulphonate-formaldehyde condensate, there being 

additionally added prior to the later addition at least one plasticizer or superplasticizer 

("associated plasticizer") selected from the group consisting of lignosulphonates, 

melamine sulfonate-formaldehyde condensates, carboxylates and styrene-maleic 

anhydride-based copolymers of the type disclosed in EP O 306 449 and DE 41 42 

388 ("maleic copolymers'?. 

2. A process for maintaining the slump of a cement mix, comprising the addition of a 

water-soluble poly(alkylene oxide) of molecular weight from 100,000-8,000,000 and 

a plasticizer or superplasticizer selected from the group consisting of 

lignosulphonates, melamine sulfonate-formaldehyde condensates, carboxylates and 

styrene-maleic anhydride-based copolymers of the type disclosed in EP 0 306 449 

and DE 41 42 388 ("maleic copolymers"). 

3. A process according to claim 1 in which first a water-soluble poly(alkylene oxide) is 

incorporated into the mix and the J3-naphthalene sulphonate-formaldehyde 

condensate is added just before end-use of the mix. 

4. A process according. to any one of claims 1-3 in which the water-soluble 

poly(alkylene oxide) is partially replaced by a (hydroxy)alkyl cellulose. 

5. A process according to any one of claims 1-4, in which the associated plasticizer is 

a maleic copolymer. 
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6. A process according to any one of claims 1-5 in which the poly(alkylene oxide) is a 

poly(ethylene oxide) having a molecular weight of 1,000,000-5,000,000. 

7. A process according to any one of claims 1 or 3, in which the ~-naphthalene 

sulphonate-formaldehyde condensate is an aqueous solution containing 40% of 

active substance in the form of the sodium salt. 

8. A process according to any one of claims 1,3 or 7 for spraying concrete or mortar in 

which the ~-naphthalene sulphonate-formaldehyde condensate is injected into the 

nozzle, optionally together with a conventional accelerator. 

9. The use of ~-naphthalene sulphonate-formaldehyde condensate in conjunction with 

a water-soluble poly(alkylene oxide) of molecular weight from 100,000 to 8,000,000, 

optionally partially replaced by a (hydroxy)alkyl cellulose, plus a plasticizer or 

superplasticizer selected from the group consisting of lignosulphonates, melamine 

sulfonate-formaldehyde condensates, carboxylates and styrene-maleic anhydride­

based copolymers of the type disclosed in EP 0 306 449 and DE 41 42 388, as an 

additive to a concrete or mortar mix to reduce the slump thereof. 

10. An additive for a concrete or mortar mix to reduce the slump thereof, comprising a 
water-soluble poly(alkylene oxide), optionally partially replaced by a (hydroxy)alkyl 

cellulose, with a plasticizer or superplasticizer selected from the group consisting of 

lignosulphonates, melamine sulfonate-formaldehyde condensates, carboxylates and 

styrene-maleic anhydride-based copolymers of the type disclosed in EP 0 306 449 

and DE 41 42 388 and a ~-naphthalene sulphonate-formaldehyde condensate, 

together with instructions for their use. 

11. An additive for use in a process according to claim 1 or 2 to be added to a cement 

mix on batching, comprising a styrene-maleic anhydride-based copolymer as herein 

above described and a poly(ethylene oxide) of molecular weight from 2,000,000 to 

5,000,000 in a ratio of from 30:1 to 4:1. 

1 



' 
I IJllll/ l/llll lllll-/11/l I/ llll 

C L M S * 

15 Case 154-0234 

12. An additive for use in a process according to claim 8 to be added to the mix prior 

to end-use, comprising 80-95% by weight of a silicate solution with 30-45% active 

substance, 2.5-10% by weight of a 40% solution of ~-naphthalene sulphonate­

formaldehyde condensate and 2.5-10% by weight of water. 


