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(54 METHOD OF ENHANCING THE COMPRESSIVE STRENGTH'
- OF HYDRAULIC CEMENT COMPOSITIONS' H

(71) We, W. R. GRACE & CO., a Corporation organised and existing undér the laws
of the State of Connecticut, United States of America, of 62 ‘Whittemore Avenue,
Cambridge, Massachusetts 02140, United States of America, do hereby declare the
invention for which we pray that a patent may be granted to us, and the method by which it
is to be performed, to be particularly described in and by the following statement:

- This invention relates to hydraulic cement compositions. . oo -

Among the various materials added to hydraulic cement compositions such as Portland
cement concretes are those which have been found able to affect the interaction between
the water.and the cement particles in the composition. For instance chemical additives have
been used for some time which act to render the wet hydraulic mix more “plastic” at a given
proportion of water to cement in the hydraulic mix, or conversely to allow less water to be

“used in the mix to obtain a given plasticity. These materials are referred to as “dispersing”
agents or “‘water reducing’ agents. o : St

The ability of a chemical additive to reduce the amount of mix water required to obtain a
given plasticity, or “‘slump” as it is referred to in the art, has led to the valuable utility of the
material as a compressive strength-enhancing additive for hydraulic cements. It is well
established - that, other factors being equal, a reduction in the amount of the water
employed relative to the cement in the mix (the w/c ratio) will lead to an increase in the
extended compressive strength of the hydrated cement compositions measured after 28
days from the preparation of the cement mixture. A variety of chemical materials have been

employed as strength-enhancing, water-reducing agents while producing no side. effects .
deleterious to strength, although many of the materials also act to retard the setting time of

the hydraulic cement mixture. These materials therefore are normally used in conjunction
with a set accelerator such . as calcium ‘chloride or a formate sait. -

- A chemical agent which has the ability to reduce surface tension in water (a surface active
agent): might be expected to increase the plasticity of wet hydraulic cement mixes by
entraining air in the wet mix and indeed the art has long recognised this utility. The
increased air entrained during mixing is normally retained in the final hydrated product,
and thus: such surface active materials have been used as air-entraining agents:for the
hydrated cement product to render it more durable and resistant to freeze-thaw cycles. The

amounts of air-entrained are however deleterious to the compressive strength of the final -

set product-and can even be dangerous if the material is “overdosed” during the concrete
preparation. . : : o -

e have now found, according to the present invention that, of the very large number of
synthetic surface .active agents, there are some which are particularly effective by
themselves. as' very low agdition rate’ additives to increase the extended. compressive

- strength of hydrated hydraulic cement compositions such as Portland cement concrete.

According to the present invention there is provided a process for the production of a
hydraulic cement composition such that.the hydrated cement has improved compressive
strength which comprises introducing into the composition from 0.001 to 0.1 percent by
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o 1t will be appreciated that'J apanese Patent Application No. 13466/1962 discloses the use
of certain’ polygropylene glycol-ethylene oxide block polymers as “a mixing agent” in
cement. These block polymers are effectively polymers of the “Pluronic” type prepared by
' the sequential: addition of propylene oxide then ethylene oxide to propylene glycol, the
25 polyoxyethylene content being from 30-to 90 g’eroent. by weight the :polyoxypropylene 25
. portion having a molecular -weight of 870 t0.2330.. - "~ - P i
" The “cloud point” of the surfactants is a term conventionally employed in the surfactant
-art; it is used to indicate the sudden onset of turbidity of surfactant solution-on raising ‘the
. temperature (see, for example;. “NON-IONIC SURFACTANTS”; Schick, Vol 1 P:571
30 (1967))..Asused herein, the term indicates the temperature in degrees centigrate at whicha 30
- sudden onset:of '_turbidifiy- isobserved in a 1% (by weight) solution of the surfactant inwater.
-'.Surface activity -and low water solubility are not the only. important criteria: in
determining the uséfulness of a given mate: jal as a low addition rate, strength-enhancing
additive to hydfaulic cement. We have found that they must also be low foam-producing
35 and possess. a mechanically-induced, agitated foam height of less than 30 mm. - 35
This foam height is determined by measuring the height of foam produced as the: result of
mechanical agitation at room temperature of a.0.10% by weight of the surfactant dissolved
or dispersed in distilled water, or a mixture containing 95% by weight distilled water and
5% by weight's _ectroscopie3'=i§oprbpyl-alcohol-(e.g-. Fisher - Scientific: Co.. Catalogue No.
40  A:419, Certified A.C.S. Spectranalised 2—Pr0'§>'anol) using a particular test procedure in 40
which the surfactant solution’ or dispersion is placed in a container of specified dimensions

20

and -thde container turned upside-down and back again toits original upright position once-a
second.... oo T e T S
- This test procedure s best described in detail having reference ‘to the-accompanying
45 drawings wherein:~ - ST L o e
- Figure 1 is a perspective view of the mechanical -apparatus for controlled agitation-of the
surfactant sample, and:. -~ SRS e
. Figure2isa perspective view of the measured container used in the-apparatus; in which
~ the surfactant sample. is_deposited .and ensuing -foam height measured.: . 70T
50 - Referring now to Figure 1, container 10-has ‘mounted therein an electric speed reducer 50 - §
' B motor 11:(typically one seventy-fifth horsepower.. 1800 rpm, 115 VAC (volts;alternating =
@ curfent) suitably wired through a capacitor 12 and linked to a gear reducer 13-(30/1 ratio
‘output, 8:2 inch-pounds 10092 m=ng] torque at 60 Tpm). Both the motor:and the: gear
~ reducer actually used are products of the Bodiné Electric Co., Chicago, IMinois; The speed
55  reducer 13 is connected to a crank arm 14 which in turn is pivotally attached to rack:16 55

45

through a ‘ballend 15. . The .rotational motion of crank. arm 14 is thus -converted.to- 2
‘reciprocating,’ somewhat longitudirial, motion-of rack 16 through this.arrangement. Rack 16
cooperates: with _piniongear 17, which is secured to shaft 22. Support frame-19. zigidly
anchors a pair of typically 3/4.inch (19.mm) journal bearings 18 to container 10. Shaft 221s
60 secured at one-end to-a housing:23 for the sample container, and then jousnalled:through 60
. firstbearing 18, a sup sort 21.for rack 16, pinion .gear 17,.and at its:opposite end throughi'the :
second: bearing 18. Slide 20 is-free to pivot about shaft 22. Through this arrangement; the &
reciprocating motion of slide 20 is converted to an oscillatory motion of housing: 23. .
. Housing 23 has a set screw 24 threaded through its upper end. The set screw is welded to
65 a metal plate having a rubber pad 25 adhered to its surface. Rotation of screw 24-in turn 65
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gonposi t Imtirrf ¢aQses thek) Motnﬁw@wikhrp dide2OtM ment@the rack causes pinion gear 17
to rotate one way, then another, which in turn oscrllates housing 23 holding container 26.
The ‘device is constructed such that housing 23 inverts 180 degrees about a horizontal axis
.15  through the centre of the container 26, turning the container upside down and back againto -15
o its'original upright position once each- second of time. The ruler is affixed such that the zero
- point of the ruler is-exactly at the height of 100 millilitres of the liquid placed therein
f easured at the:meniscus of the liquid). 100 Millilitres of the solution is pipetted into the
‘container, and the.container secured in the housing 23. The container is-agitated for five
‘20  minutes. After one minute has elapsed following cessation of the agitation, the height of the 20
foam produced is measured. An “Individual Value” is recorded which is an average of the -
height across-the entire surface of the foam produced. The sample is discarded and the -
-entrre rocedure may be repeated one or'more times, the final recorded value in the case of
‘multiple readings. being an “Average Foam Herght” the actual numerrcal average of the
‘25 ?“Indrvrdual Values™. -~ 25
_ For the synthetic surfactant below to satrsfy the foam herght requlrements a value of less .
“than 30 millimetres must be obtained from both the test with distilled water and with the
‘water-alcohol mixture. If the surfactant exhibits a foam height in excess of 30 millimetres in
. either case it s likely to entrain strength-damaging amounts of air in cement compositions.
-30 ~While surface active agents satisfying the requirements may be ionic .or non-ionic .30
' synthetrc non-ionic surface active -agents are generally preferred; they exhibit no ionic
-charge in aqueous solution. Hydrophrlrc character is often due to the presence of ether - -
linkage or hydroxy groups in the molecule. Many commercrally available products are
available and it is these which have been tested.
-35. : .. Synthetic non-ionic surface-active agents satlsfymg the specified cloud pomt and foam '35
-'herght requirements may belong to. such classes as:
(a? alkyl aryl polyether alcohols such as the condensation products of alkylphenols e. g
: -octy pheriol;and nonylphenol with alkylene oxides, e.g. ethylene oxide, specific examples
. include condensation products of octylphenol and nonylphenol having a particular- degree
‘40  of ethoxylation and offered commercially, for example, under the tradenames “Trrton ‘40
-'.“ICEPAL CO” (Registered Trade: Marks) and “Surfonic N”.
(b) - ‘block copolymers of alkylene ﬁycols or alkylene diamines.and one or more alkylene
oxrdes -such as those prepared by the sequential addition of propylene oxide and.:then
, : 'ethylene oxide to a propylene glycol nucleus, or by the sequential addition of ethylene
. -45 oxide ard then sropylene oxide to-an ethylene. %lycol base or to the diamine base; specific - 45
& examples include certain block copolymers of .propylene glycol, propylene oxide and
_ethylene oxide offered commecrally under the Regrstered Trade Marks “Pluronic”, and
“Pluronic R”; and “Tetronic’:
(c) acetylenic glycols and reaction- products thereof with alkylene oxrdes such as
o 50 _!ethylene oxide; specific. examples include certain: tertiary - acetylenic glycols' offered 50
-commercially under the tradenames ‘“‘Surfynol 104”’ and certain condensation products
thereof prepared by reacting them with ethylene oxide and offered commercrally under the
r"tradenames “Surfynol 440” and. “Surfynol 465”.
___ - “*Numerous specific examples of suitable materials.are to be found in the Examples below :
§5 - As stated above the additives are effective. as extended (28 day) compressive strength- 55
enhancmg agents in only very small amounts.. Significant strength enhancement. after; 28 '
of the hydraulic cement compositions can be obtamed using 0. 001 to 0. 1% preferably
-'O 1 to 0.05% by weight of the cement.
: ~'The additives are particularly valuable for i mcreasmg the: extended oompressrve strength
60 of Portland cement compositions, especially Portland cement concrete. The term “Portland .60
cements” as employed herein include those  products prepared by heating a- mixture of
limestone and clay or shale, or other calcareous and argillaceous materials to a fused state.
~The-fused product, which is called clinker, is interground with a few percent, normally .
) ‘about 4 to 6 percent, of a retarder such as gypsum. The term ‘“hydraulic cement” -as used’
65 - herein mcludes those inorganic cements which, when mixed with water, set and harden asa 65
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- In practice, commercial admixtures for Portland cement compositions such as ‘concrete
are often-designed to-affect more than:one propeity of the cement.composition and thus
often contain more than ore ingredient, designed for example to alter the rate of hydration
‘20 and the plasticity -of the wet mix, the rate: of hydration -and the:compressive strength. 20
: " Thus'the surfactant additives may:be combined with €.g. comipounds known to accelerate
" the set-of hydraulic. cement compositions. Representative of such set-accelerating materials
are-calcium chloride or other soluble chloride salt and-non-chloride type accelerators such
: as formate ‘salts, e.g. calcium formate and :amine formates. In such-a combination
‘25" admixture the set accelerator generally comprises the major proportion, i.e. greater than 25
.50% by weight:of the total' additive. compositions. et K

- For -additional ‘compressive enhancement;. the compositions can further include, in: an
-amount, for instance, -of ‘from1: to 25% of the. total ‘additive, conventional materials .
- employed:for thi§ purpose. Reépresentative -of such: materials- are. watér-soluble; water-
.30 reducing carbohydrates :such’-asmonosaccharides, -for example .glucose- and fructose; ~ 30
_ disaccharides, for- éxample lactose. and. sucrose;. trisaccharides, -for .example raffinose;
polysaccharides;” for:example starch* and:cellulose; ‘a. well ‘as:derivatives-thereof such:as
‘pre-gelatinized - -starch, dextrin,» corn: syrup - and - carboxymethylcellulose; - polyhydroxy
~ polycarboxylic compounds such as tartaric acid -and:m'ucic;acid;-:el'ginos'ulphonic -acid--and
35 salts thereof: such as-calcium, ‘magnesium,* ammonium, and - sodium- lignosulphonate; 35
water-soluble salts of boric acid, such as the alkali metal salts thereof; and .water-soluble :
silicone’¢compounds;: as -well as .mixtures thereof.. The.-aforemeéntioned: watet-reducing
-agents-may also have some retarding effect on the rate of hydration which normially is.offset
‘by:the 'presence of ‘the set accelerator :component. -~ .- . cor o L e e
40 Since the surfactants used in the present invention -have low water-solubility as indicated 40
by low cloud points, it is preferred to include a small- amount of -a solubility-enliancing
surfactant. -such as “Triton X-100”.(a non-ionic. material . prepared- by condensing
‘octylphenol with ethylene oxide, the material containing 66-68% oxyethylene:units); to
. assist' in solubilizing the surfactant additive. Such solubilizing action is most: helpful in .
45 . prévénting the normally low-solubility strength-increasing surfactant additive from separat- 45
‘ing out‘as a visible separate phase, for:instance as ambient temperatures surrounding.the
‘product ‘increase.: o r. - v o T T Do e i ey
. To facilitate the production of “set-acceleration” which is:proportional té the rate:of
: addition of the additive composition to the cement it is desirable to incorporate .an amine, :
50 preferably an:alkanolamine. Thus the present. invention. also- provides a-set-accelerating 50
-additive for a hydraulic cement composition which comprises, by weight. amajor.ameunt of '
. a'seét-accelerating--agent for hydraulic .cement- and a minor .amount-.of . a synthetic
surface-active agent possessing the characteristics’:(a) and (b):defined .above and of -an
~ aminé.- The amine should :generally be: watei-soluble and contains: up ‘to;-say; 20 carbon
55 -atoms. Suitable @imines include primary, secondary and tertiary mono-and-polyaminessuch 55
' ~as aliphatic; including cycloaliphatic, mono- and polyamines;, for-example asepropylamine, - -
‘n-propylamine, diisopropylamine; - n-butylaminé;. di-n-butylamine; ..tri-n-butylamine, -
triethylamine, cyclohexylamine, ethylene diamine, diethylene triamine; triéthylene tetra-
.- ‘mine -and-tetraethylene.-pentamine;- heterocyclic ‘mono-and . polyamines, for..example . o
. ‘80 :imorpholine; N methylmorpholine;-4-(2-aminoethoxy) . ethylmorpholine;: 2-(4- 60"
‘motpholinylethoxy) ‘ethanol; . bis-2-(4-morpholinyl)- ethyl - ether; : piperazine. N-
- -aminoethylpiperazine, N-hydroxy-ethylpiperazine; pyridazine, pyrrole; pyrrolidine.: pyri-
-dine, ‘piperadine, -pyrimidine and -pyridazine. - Also suitable are-alkanolamines. such: as
: “triethanolamine. Mixtures of the foregoing amines, suich as residue produets resulting from
65 -the commercial production of pure or essentially pure-amines are-especially desirableduc to 65
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= Typical molecular weight of Poly(oxypropylene)

. Hydrophobe
%H = % Po y(oxyethylene) Hydrophilic- Umt in
molecule
B. = Blank
W/C = Water/cement weight rate
S = Slump
. %A = % Air
S.S. = Compressive Strength
C.p(C°) = Clo’(xd Point in ‘degrees Centlgrade
S.T. = Surface tension ‘
F.H. = Mechanically-induced, Agitated foam height
No. = Number of tests
Av. FH. = Average Foam Helght
A = Amine -
na ‘='not available - - - -
= Initial Set given in: hours mmutes '
(e) ‘= estimated -
_Insol ‘= Insoluble - :
?_APPROX = APPROXIMATE
‘Example 1

45

L9)

~This’ Examples illustrates the effect of small amounts of various commerc1ally produced

“synthetic non-ionic polyol surfactants sold commercially by the WYANDOTTE CHEMIC-
ALS CORP:. under the trademark “Pluronic”,’ upon the air content and: compressive

strength of Portland cement concretes; the ¢cloud point, foam ‘height and surface tension was
also ‘measured using the specified procedures For comparison; a “blank’ containing no

-additive was ldentxcally prepared and tested. Measurements were first made with respect to
‘the “blank” composition. The compositions oontammg the: surfactant additives arg then

prepared and sufficient water added to the mix to give a *“slump”-as close as possible to-that

‘exhibited by the blank, plus or minus about 1/2 inch (1.25 cm). The :amount of water
actually used is recorded

r calculation of the W/C ratio, and subsequently air content and
compressive strengths at 1, 7 and 28 days are measured The foam helght values were

. ~obtained- usinig the speclﬁed water-alcohol ‘mixture."

55

‘65-

‘the final molecule. The nomenclaturée of the “Pluronic’

‘The “Pluronic” polyols er lployed herein have been fully descnbed in‘the hterature they
aré 100% active, non-ionic block: copolymers made by controlled addition of propylene

‘oxide to the two hydroxyl groups of a propylené glyol nucleus. The resulting hydrophobe

can'be tailored to any desired length, ‘with a’ molecular Welght from" 800 to several

"thousands. The -addition ‘of eéthylene oxide ‘to this hydrophobe “‘sandwiches” it between

hydrophilic poly(oxyethylene) groups of controlled length constituting from 10 to 80% of
materials employed herem is that

of the manufacturer.
The “Pluronic R” surfactants are also non-ionic block copolymers, but the copolymer
structure is reversed; they are prepared by the sequential addition of ethylene oxide and

then propylene oxide to an ethylene glycol base. Specific details concerning the chemlcal_
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5% by wei ght spectroscopic isopropyl alcohol (e.g. Fisher Scientific Co.
Cat al ogue No. 40 A-419, Certified A C. S. Spectranalised 2-Propanol) using
a particular test procedure in 40 which the surfactant solution or

di sperdion is placed in a container of speci fied dinensions and the
contai ner . tsgned upsi de down and back-again to its original uprrght'

position: a:second. This test procedure i s best described in det al I
havi ng- refldXgnce to the acconpanyi ng 45 draw ngs wherein: ,
45 Figure ¢ a per spectrve vi ew of thelrgghggﬂr cal apparatus for - 6 j;,,

controll ed agrtatyorm of—thesurfactamt—sanpte; arrtrﬁ"g'UT'E TS
perspective view of the neasured container used in_the a$ ratus4 in- V\/m ch

t he surfactant ‘s efl “B > ig) eéwgrm I he
e e SR R R L R

speed reducer = 5&ligelds dnlsolillsy Pt at: ljssﬁa\enﬁawtailyto shibwn tHaothese e ials
rpm 115 VAC §votet®vehallarger nupmm of: increment lgm togks. ptolnedaén. ther 2

o, T R A e S

reducer actual |l y-used are products of . the ‘Bodi ne Ei ectrrc Co 'Chl cago;
I11inois. ThdOspeed 5Bsblaeducer. 13 Cemeng Bgishct ed to-a-erank arm ‘14 whi-¢;
turn is pivotally- attﬁched to racka dad® through -a bal'l.end--15: et
rotational notion of grank.. arm 14Art|§mtchys converted to a reci procatrng,

somewhat Iongr t udi nal Iv- mot i-on of - rack”.16. through this. arrangerrent .Rack 16
cooper.at es wilSh pr ni OM geaﬁ 17, Wmcch 'Sl secured to shaft 22, Support‘ freﬂr?e

19 ri g' dly o E’ Universal Atlas Indtana 1
-VI ' Atlantic 1 _ N _ - . ;
- v -H .. Canada:l.- . - . . _i S e v
20 0, VI - Ideal 1 ‘ e T 20
o o K Atlantic I -0 ., 0 - AP
: Canada 1
Ideal 1 o .
Universal Atlas Indiapa 1 - - . : T
Atlantic 1 h _ Ce T 25
Ideal 1 : ,
Atlantic I
Capada 1 :
Universal ‘Atlas Indxana 1 - N
Atlantic 1 e e 30
- .Canada 1. e T

SEQ

B .25

25

S~
HYEWONOZZ
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~All of the “Pluronic” polyols listed in Table XI are “surface active’ and are able to
35 reduce the surface tension of water. None of the listed materials exhibited a surface tens;_op A5
- as a 0.01% aqueous solution at 25°C above about. 55 dynes per centimetre. The “Pluronic”
?es “p-103”; “P-104"; “P-105”; “F-108”; *“P-123" and “F-127" all were eéxcessively
soluble, exhtbxtmg a cloud point in excess of about 80°C. These also exhibited high foaming
_ ability. The polyol “P-84” had a solubility near the 80°C limit, but was too high a foam
.40  producer. The “Pluronic” types “L-62; “L-92”; and “L-72" exhibited cloud points in the 40
" range of about 20 to 35°C, and mechamcally—mduced agttated foam heights in the range of ~
about 10 to' 20 millimetres in the water-alcohol mixture; these also gave ‘optimum
:compreéssive -strength -increase most -consistently. The preferred “Pluronic”. type. black
?olymer ‘additives, are those- wherein . (A)" the typical .molecular . weight of . the _
y(ox ylene) ‘hydrophobe is from 950.to 1750 and the % poly(oxyethy epé¢)in the 45
. :total ‘molecule is from 10 to 50; or (B).wherein such molecular weight is from-1750;t0 2750
-and ‘such % poly(oxyethylenc) is from 10 to 30;.0r (C) wherein such molecular. welght is ¥
~ +from.2750 to-4000 and such % poly(oxyethylene) is from 10 to 20. [All percentages are.by :
weight unless otherwise stated.] Mixtures.of such copolymers. selected from ‘such gxoups '
- .50 (A);.(B), and-(C).can also obviously be employed herein. The preferred such “Pluronic” ;50
"' typeadditives appear to be those wherein the typical. molecular weight of poly(oxyeth yli ne) '
hydrophobe ranges from 1450 to 3000, and further wherein the % poly(oxyethyle '
total melecule- ranges between 15. and 35.. .
. . All of the *“Pluronic R” type Folyol block - copolymers tested are usef | as additi
:55 components.: However, the use-of “Pluronic 25R8” as a strength-enhanct extr.emely 55
-« «doub tful as further tests: thh thlS matenal do. not conftrm the results of _-_'r;ment

0N} the cloud pomt borderlme The “Pluromc R” types used . 0' in
.materials wherein the typical molecular’ welght of the poly(oxypropyléne) hydrophobe was
"60 " about 2500 and. %. poly(oxyethylerie) units was in the range of 10 to 80, and: materials .60
.whertlelon 4%‘16 such: typical: molecular welght was about 3100 and such %. poly(oxyethylene) '
was 10-
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Esdmployer s t he padded met al plate within the hou5|ng Housi ng 23
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b uhe elgl(ouyetlsylefnépu amaglarv,alues gventiy
testg@; I?rc thet abevs cribed alcohol-water mixture. '

t-can be seen from Tables XIII to XX that of the “Tritons” the h cglher ethoxylated

as they entrain

considerable’ amounts of air. “Triton X-45” is a marginal performer; it has a tendency to

-entrain air in the higher concentrations. In Table XVI K for the second column.of slump

- figures higher addition rates such as 0.025.and (.05 show a severe loss of slump in the first

20
25

130

-40

~such -as 0.025%.

five minutes after discharge from the mix; the incremental air is proplortlonal to the addition
rate. The effect of W/C on compressnve strength is very critical at the hlgher addition rates

The followmg cement batches ‘were used

: .:Tabl'e - : . Cement Ba'tch

X1 A ' Atlantlcl
.~ B - . Universal Atlas Indlana 1
- C-D - Canada 1 :
E Atlantic 1
XiIv FH S
XV H-I : "
v K s , -Canada 1
' XVII A-C .
- -D-F - Umversal Atlas Indiana 1
XVIII G-K : Atlantlc I -
"-"---_'XX'.---A-C oo LA
Correspondmg fmdmgs have been jade wnth the “Surfonics” and “Ige als” Matenals
'havmg a percent ethoxylation over about 50, namely ““Surfonic N-60, “‘Surfonic N-95”,

““Igepal CO-530" and “Igepal CO-520" are unsattsfactory and can even be so deleterious to
strength as to be dangerous, for example should the materlal be “overdosed™: by. the

45 -

¢ 50

‘‘concrete )l()reparer

Table XII shows that all these matertals exhibit excessive foam hetghts As expected
“Triton X-45” is marginal in this respect. The remainder (“Triton. X-35"; “X-15";
“Surfonic N-10”; “N-20”, “N-40”; and “Igepal CO-430") are either insoluble, or have a
“cloud. point” near zero and have foam heights below the permitted maximum, The

- preferred alkyl aryl polyether alcohol condensates are “Triton X-35", *“Surfonic N-40" and

“Igepal CO-430” whlch contam 35 to 50 percent poly(oxyethylene) in the molecule

" Example 1l '
" In-this Example, the use’ of certain synthet:c surface actlve acetyhmc glycols and -

55 <

ethoxylated pro ucts thereof in Portland cement concrete compositions are presented,

=15
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.25

.30

=35

-40
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50

; 55

namely those offered commercially under the name *‘Surfynol” by Airco Chemicals and

Plastics. “Surfynol 104”-is' a non-ionic surface active agent composed of 2,4,7.9-

" tétramethyl-5-decyn-4,7-diol; it is a tertiary acetylmlc glycol. “Surfynol 440” is a non-ionic

160

- 'surface’ active agent, and is prepared by reacting “Surfynol 104’ with alkylene oxide, i.e.
ethylene oxide in a mole ratio of 3.5 moles of ethylene oxide per mole of the tetramethyl --
~decyndiol (see Table XXI for details of characteristics). *“‘Surfynol 465” is also a non-ionic

-surface active agent prepared by reacting “Surfynol 104” with ethylene oxide, the .mole
' ratio being 10 moles of ethylene oxide Eer mole of the tetramethyl decyndiol. The concréte

~“test results performed are ngen in Ta
““follows:

65

e XXII In this. Table the cement batches were-as

60
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aver age of 1he Bl NHQUanNA UES" ool o ctual “nuercal ..
. ne . synt-ngg this Exam| ke the afficasy w:io riet -’o&glmemtheuc:non—}omc surfactant
requi renents, a“Riudafag- K- @’b%egtsﬁﬁi#? de. . @’.b rdd ércialin e it hWyandotte
both the tests w W}fﬂl . (ir!,-_.a 3 RPw additiorrrate’'co prdiSiiesasngtiuethakring GEaN is v ‘@‘t"gni"s
both the tedts VTGl ibdlciaiaennnal el i aat, CRoicadani; fctah .
case it i L -aﬁh chaidl, prinsiny -kliyhgm-oxyﬁthgﬂ%ggo;\gg g%la (3 - afac' RA- Qs | f
it i's |ikekygll'aothemesul "wt‘aﬁ\?deﬁﬁtpﬁ-sﬂ‘é“r%'& HIS thel tedtd wére (pearmied.oai t her
conposi tions. “Atlantic:1- cement batch A= =7 Jing anmounts-of “air in cenent _
20 The results show that as the amount of this surfactant is increased; very rpnagﬂ 20
strength-damaging incremental air is entrained and-the foam height is. too-high.
In a similar experiment testing the effect of *Plurafac RA-40” as a compressive
strength-enhancer for Portland cement concrete, this material was found to entrain
_ strength-damaging high amounts of air at an-addition rate of 0.05%. “Plurafac RA-40" is
.25  similar to “Plurafac RA-20", exceglt that it has a cloud point of 25°C and has a lower degree * 25
’ of ethoxylation than “RA-20” which indicates a lower ‘water solubility. Agitated foam :
height tests of «Plurafac RA-40” in the water-alcohol-mixture indicate.a test value of less
than 30 millimetres. However, when tested using water.alone, it exhibited a foam height
average test value of 38. st _

30 .30
Example V _ : Lt
This Example illustrates the usefulness of small arounts of synthetic block ‘copolymer
non-ionic surfactants offered commercially under the-name “Tetronic”:by the Wyandotte
, Chemicals Corporation. These materials are block copolymers repared :in -a_manner
:'35 similar to the “Pluronic” block copolymers of Example 1, except that ethylene diamine is 35
used as the base to which ethylene oxide and propylene oxide are added sequentially. As in '
the case of the “Pluronics”, the products vary depending upon the: -amount of
po'ly(oxypropylene’) hydrophobe and the % poly(oxye‘thylene) hydrophilic units present in
the molecule. Typically the molecular weight of the poly(oxypropylene portion is from 2500
40 to 4500 and the % poly(oxycthylehc) units is from 10 to 20. The «Tetronic” block 40,
: ‘copolymers  employed ‘hérein are’listed in Table XXIV, and the;physical and chemical
. properties thereof in Table XXV. Tablets _X-XVI:and XXVII répresent the test resultsin
-concrete; in Table XXVI A and B were both: Canada 1 Cement Batches while in. Table
) ~XXVI‘C’and D were. both ‘Atlantic: I Cement ‘Batches. - v dr s e Tt
45 These experiments show that Tetronic 1102 and 1502 éntrain .large amounts .of 45

‘incremental air-as”the -addition rate:was.increased--to-O:OS.%.__ B T .
" The high 'fij'g_ure-obtain'ed fqr_the__bla_nk:iq.Table XXV1.B must be questionable.
+§0 - Inthi§ Example, representative results are giyen.of-only preliminary gya!uati_c_)n,s-—;q ther 750 "

commercially available :synthetic surfactants. B LA R T A 0
The results using non-ionic, surface active polyethylene glycol esters offered commiercial-
ly under the name «ARMAK KESSCO PEG® by Armour Industrial Chemical Go..are

~given in “Table XXVIII using an- "Atlantic I Cement ‘Batch. The ‘materials shown are .

“i55 .j-pbly(ﬁjxy'éthyl_ene esters” of oleic: acid:. The number following :the, “PEG” in .the. Table 55
~ihdicates the molecular Weig_htfbf_t_he:=polyoxy'ethylene glyc_l;-po:tion;-._off;the; meolecule.
: ¥ Othet -commercially available surface: active products include (a): “BRLJ 92" (Registered

- “Trade Mark of Atlas Chemiical Industries; Inc.) a non-ionic -leyOXyethyleng.ethep of oleyl

the

L ajcohiol’ which when added at 0.02% exhibited: increase. in cOmMPpressive strength..of .th _
'60. -concrete; “BRH 30” (Atlas:Chemical-Indu'stries,.-Inc.')._a'non.—ion_icp,.olpo}y-t_-hylcne,e;t-, rof : 60
'3-filﬁuryl'-;_:alcohol ‘which at:'th_'e‘.-'O;OZ% addition level ‘tended to entrain a high -amount.of
“incresiental "air “which’ discouraged: further testing, and “BRIJ 72°..(Atlas, Chemical
Industries, Inic.) a non-ionic polyoxyethylene-ether. of stearyl alcohol which when added:at

.. -ithe 0:02% level exhibited the-same: tenidenicies as:“BRIJ 307, (b) “SPAN 30" (Registered
65 Trade Mark of Atlas Chemical Industries, Inc.) a non-ionic fatty acid partial ester-of - 65




30 Wil e surface active agents satisfying the requirenents may be ionic
or non-ionic 30 synthetic non-ionic surface active agents are generally
preferred; they exhibit no ionic charge in agueous sol ution. Hydrophilic

character is often due to the presence of ether |inkage or hydroxy groups
in the nolecule. Many comercially available products are availabletf§§9it

is these which-have been tested. 35.; Synthetic non-ionic.surface- e
agents sati sfyi.ng t.he specified-cl oud poi nt and foam 35 hei ght

as: (a) al kyI aryl poI yettyer
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o % by Weight
- Calcium chloride - 84.8 .. - A
“Pluronic L-92”. 1.94 ' -
“Triton X-100” 0.83
' “Corn Syrup” 1243 .. - ' .
25 100.00 ) 25

A typical addition rate of this additive composition to structural Portland cement
' concretes lies generally in the range of from 0.10 to 2%, preferably 03t01% by welght of
30 additive solids based upon cement sollds 30

Example VIII
The composition described in Example VII is generally acceptable as a sef-accelerating,
strength-enhancing additive for Portland cement concrete, particularly concrete intended to
35 be placed at low ambient temperatures, e.g. 60°F and below under which low temperature 35
conditions acceleration of the setting time is especially desired. However, such composition
has the disadvantage that the setting time of the concrete was not shortened at addition
rates higher than those recommended, that is the degree of shortening of setting time is not
dPortlonal to the rate of addition of ‘the additive composition. In this Example, an
dditive composition is given which, unlike the additive composition of Example VII, gives 40
a “set-acceleration” which is propomonal to the rate of addition of the composition tothe -
cement composition. ‘Thus an important advantage is obtained with the composition of this
Example in that a reliable ]predetermmed degree of set-acceleratlon can be obtained by
sclecting the addition level in advance. . .
- 45 The following is a detailed Example of a set-accelerating, strength—enhancmg composi- 45
tion according to the invention employing a preferred strength-enhancing surfactant of the
invention, “Pluronic L-92”. The composmon is an aqueous blend contammg the following
proportions of sohd matenals

40

. 50 S o - s0
Solids .
% by weight
‘ Calcium chloride 94.60 . . S |
55 “Pluronic 1-92” 1.00- S 55
' “Triton X-100" 0.40 -
“Amine” 4.00
100.00
. 60 60

A typical addition rate of this addmve composition to structural Portland cement
concretes lies generally in the range of from 0.10 to 2%, preferably 0.3 to 1% by weight of
additive solids based upon cement solids. The amine used in the above composition was a .
mixture of alkanolamines and higher boiling homologues obtained as a coproduct in a

65 continuous commercial process of producing amines. 65



30 ethylene oxide; specific exanples include certain tertiary acetylenic
glycols offered 50 commercially under the tradenanes "Surfynol 104" and

certain condensat i on product s thereof prepared by reacting themwth
et h\ll ene—oxi-ge

O"TT

de—and—of feredcommerci ally under the tradenames "Surfynol 440"
and T Surfynol 465". Nunerous specific exanples of suitable materials are to

be found if jyhe Exanpl es bel ow. 55 As st at'ed above the additives are
effective (g

extended (28 day) conpressive strength 55 enhancing agents i
only very ¢ II

amounts. Significant sjrgngph enhancement after 28 day 00y’
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© cement); compressive stren tfth gain and set-acceleratlon comparable to hlgher amounts of :
call‘:iu'lt‘!;b‘lz:lmondel zzlt’;.”surllgt::tlantlc 1. cement) the effect of vIaIrymgnch mgz i:oc:::::;:;\,tmn 15
15 h osition of theé invention-is shown. In Table XXXII (using dantic T e
* 'g‘fftecet %ofn\llgrymg the amount of “Pluronic L-92° ﬂlesrsl;g‘\zx‘ll,m;asolfs :al‘::? un‘: o e
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AR of calcium cniorde I and Ideal 1 cement respectwely, the :20
: XXXI XXXV usin Ideal 1, Atlantic I an
:.20 effI:c'tr zglisarymg gletzoaddmon ratg of the’ composition of the. mventlon is. s‘hown
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TABLE L L
“Ppluronic”’ M.W.
o AL L i o 950
A 5’3% -
e e 142 1200 . -
- 143 1200 | |
4 1200 0
-’L61 oo s 1750 R T LESETIN 1V YT
163 -1750. . meens -
L72 © 2050
L8 2250 -
P84 :'.2250.
1101 . 3250
P103 3250
P104 3250
P105 - 3250
F108 3250
L121 - - - 4000
L1222 - - +4000.
P123, : 4%0
F127 4000
25R1 2500
31R1 - 3100
25R2 2500
31R2 3100
25R4 2500
31R4 3100




result of chem cal reactions-between the water and the conpounds present in
the cenment. Organic "glues" and pastes, are not included within this
definition. The term"concrete" as used herein includes a m xture of such
hydraulic cenents and inert aggregates. Typical aggregates I nclude '
conventional "coarse" aggregates such as 5 gravel, granite, linmestong and
quartz sieve as_well as those materials conventlonally referred to ag
"fine" aggregates such as sand and fly. ash. Conventiori al hydraul i-c. f

concretes, e.g. Portland cenent goqéf tes, enploy.major anounts, i.e~over
) Sbﬁ@ lﬁgua_j_i_y__u.p__[_g_ahrnn‘ 2594 h\l g -]’@: of such agg[ egat es in Ihe g'et _

product. The surface-active agents used in the present invention are
especially suited for use'in 10 concretes intended for structural uses
where high conpressive strengths are particularly 10 sought. There
concrete conpositions generally enploy water to cenent weight ratios of
less. than 1, usually fromO0.4 to 0.6, and when hardened have conpressive
strength values typically_in. excess of 2000 psi {about 140 Kg/[ERR]) after
.28 days. The conp05|t|0n§gof the invention can include conventional -
addi ti onal optional: addi tyes2152: afart’ { ol mat-erGalJ. whi ch del eteriously
affect the extended stre gthsgbuéh s &t &hg&h-  15=7di&i ni shi ng anount s of
petrol eum or ot her hydrdgarbon oil's and air-entraining agents. In practice,
gomrerci al adm xtures fdr_Portland cenent .conpositions such as concrete are
often designed to affect Eorea h&n &n @p%bp&rty of & Hg cement conposition
and thus often contain noFe t Fan<ore anﬁedwent' dESHgned for example to
alter. the rate of hydratign 20 and the plast|C|ty_of the wet mx, the
rate of hydration and theEconpwe§suye,§te£ng¢h 20 o
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Thus the surfactant additives nmay be conbined with e.g. conpounds known to
accel erate the set of hydraulic cenment conpositions. Representative of such
set-accelerating materials are calciumchloride or other soluble chloride
salt @nd non-chloride type accelerators such as formate salts, e.g. calcium
formate and am ne formates. I'n such a conbination 25 - adm xture the set
accel erajor general |y conprises the major proportion, i.e. greater than -25
50% by e, of the total additive conpositions. For additional

conpr essj ¥e/enhancenent, the conpositiop o] further |ncI ude in an 12\
anount, rlz ananm: nf from1l to 25804 0Pt RE t ot 3l dd e SoR-aRti-aRal

mat eri al s enpl oyed for this pur pose. Repr esent atl ve of such mat erials are
wat er - sol ubl e;, water- 30 reducing carbohydrates such as nonosacchari des,
for exanple glucose and fructose; 30 disacchari des, foR exanple |aCtose
and sucrose; trisaccharides, for exanple raffinose; poIIysacchari-des_,-.for'_
exanpl e starch-and cellulose, a well as derivatives thereof such as
pre-gelatinized starch, dext rg, corn-syrup and carboxymet hyl cel | ul ose;

pol yhydroxy. pol ycar-boxylic co oundsgsuch ~as 2 apt dgi- agl dyand nucic acid;
|'i gnosul phoni ¢ acid and 35 &al tg tﬁergﬁaoi% sg;:hc’a%cé cmums magnesi um
amoni um and sodi um | i gnosul%honat e, .. .35 water.:soluble salts of boric
acid, such as the alkali net&®l salts thereof and wat er - sol ubl e silicone
corrpounds as wel |l as mixture§ theyegf.oThe @to@enﬁnttﬁorﬁédﬁi/vat er-reduci ng
agents may al so have song ret@di By &f f%ctvo?@t@e Fat® & Kydration which
normal I'y is offset. by the pr e;ence of the set accel efator conponent. 40
Since the surfactants used i nEt hevprgsetgt ob NYENL on have, |
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by |l ow cloud points, it is preferred to include a small anount of a
sol ubi i ty-enhanci ng surfactant such as "Triton X-100" (a non-ionic
mat eri al prepared by condensing octylenol with ethylene oxide, the materi al
cont ai ni ng 66-68% oxyethyl ene units), to assist 1n solubilizing the
surfactant additive. Such solubilizing action is nost helpful in 45
preventing the normally |ow solubility strength-increasing sur f act£
.addltlve from'separat-~ 45 ing out as a visible separate phase, et
.|nst nce as anblent tenperaturequﬁguk?undlng the product |ncreaq% “To
aci-Eita = ~ +onal to
the rate of addltlon of the additive conp05|t|on to the cenent it is
desirable to incorporate an anmine, 50 - preferably an al kanol anmi ne. Thus
the present invention also provides a set-accelerating 50 additive for a
hydraul i.c cenent conposition which conmprises, by weight, a nmajor anount of
a set-accelerating agent for hydraulic cenent and a minor anpunt of a
synt heti c surface- actlve%ggent possessi ng the characteristics (a) and (b)

-defi'ned-above and of an nen ﬁhecanpnebshouhd erieral |y be water-sol uble
and contains up to; say;- &ir lgan§55§, natg)rra uut}abl e am nes include
primary, secondary and Bertiary nono- and pol yam nes such as al i phati c,

i ncl.udi ng cycloallphat|§ nono- and pol yam nes; for exanple. |sopropylan1ne
. N-propyl am ne, diisopropfkanmgeg nghugylganigey dgz— rgbut yl am ne,
tri.-n-butylanine, ‘trieth@ani®e? cicl @haRylAnithesd ethyl ene di ami ne,

di et hyl ene triam ne; trleLherne tetra- ntne and tetraethylene pent am ne;

. heterocyclic nono-.and poéyanlnes o 0L, %ﬁ nmor phol i ne,
N—nethylnnrphollne 4 (2qan1nee@@o§y)oet yggngphglqg 2- (4--
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nor phol i nyl et hoxy) ethanol, bis-2-(4-norpholinyl) ethyl ether, piperazine,
N- am noet hyl pi per azi ne, N-hydroxy-ethyl pi perazine, pyridazine, pyrrole,
pyrrolidine, pyri- dine, piperadine, pyrimnmdine and pyridazine. A so
suitable are alkanelafmes—such as triethanolam ne. M xtures of the

f oregoi ng ami nes, such as residue products resulting:from 65
I

t he
comer ci al_ productr on of pure or essentially pure am nes are especial ly
desirabfeMue to 65 . 1 595 482 _ 5the._,:\=
relati ely ow cost of such products. Tpg%a@unt of am ne e L0 _t 8 had
addi ti vg_cgomposi tion generally range o6 PETCent By wel ght of the
addi tive composition (solids basi s). The anount of surfactant in such a-
conposition is generally from0.15 to 3 percent, preferably 0.50 to 1
percent. 5° In the follow ng.Exanpl es which further illustrate the
i nvention, Portland cenments from

_ 5 various manufacturers were enpl oyed to
make hydratabl e conpositions. The cenents all ret ASTM st andards for
Portl and cenents.

Were enpl oye t he concrete com)om tg\or§ wer e. pr epar.ed
according to ASTM CA94 test -pr o%dur“es;un % ahgr\g ' '
Det erm nations of the anmounts: of S8 :enma eﬁ iR the ed sanpl es :
produced were 10 nade accordrﬁg to ASTM t est. procedure No. C231. Al so,
"slunmp". of the wet mixes 10 p®oduced in the X

t he
eri tg s determ ned
according to ASTM t est procedur @No §Cﬁﬂ3§ ‘g §mg1 V\Q
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The conpressive strength of the m xes was determ ned by preparing test
speci nens and curing in accordance with ASTM procedure No. C192. The
conpressive strengths of the specinens were neasured after 1, 7 and 28 days
in accordance with ASTM.C39. 15 In the Tables the synbols used have t he

fol | ow ng neani ngs: 15 P - . = Product desi gnat MV
= Typi cal nol equl ar. wei ght of Pol y(oxypropyl ene) Hydrophobe -

F

20 9% . = %Pol y(oxyet hyl-ene) Hydrophilic Unit in nolecule B
_—"Blﬁnk WC - = \Mter/cenmeni sgiejgght rate 25 S = ﬁurrp %A
=% AT E S = CONPr eSsTve St rengtirB——————Bay pr’("f‘ERR]) =
- CI oud Point in degrees Centigrade 30 S. T. = Surface tension
-30 F.H - - Mechani cal | y i nduced, Agitated foam hei ght No - =
Nurrber of tests Av F. H. = Average Foam Hei ght
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A = Am ne 35 n. a. = not avail able LS. = Initial Set
given in hours: mnutes (e) = estimated I nsol. = I nsol ubl e
APPROX. = APPROXI MATE 40 Example | This Exanples illustrates the effect of
smal | amounts of various conmercially produced synthetic non-ionic polyol
surfactants_sol d comrer CI ally by the WANDOTTE CHEM C-. 45 ALS CORP. under
t he tradefe "Pluronic", upon the air content and conpressive 45 strength-
of Portl & brent  concr et es; the cloud point, foam hei ght and surf ace
tensi on WS &l SO rreasured u5| ng the spec1 §§-e 'procedures For corrparl son
"bl ank" cont-er+ ety B KL . 16:
Measurenments were fi rst made vmth respect to the "bI ank" corrp05| t| on The
conposi tions containing the surfactant additives are then 50 prepared and-
sufficient water added to the mx to give a "sl.unp" -as cl ose as possib e ‘to
that SO exhibited by the bl ank, pI us or mnus -about 1/2 inch (1.25 ¢

The anmount of water act ual l'y used is recorded for -calculation of the WC
rati o, and subsequently air conteng and conpr.essive: strengths at 1, 7. and
28 days are neasured. The foam helght Val@egv\ge*@b;a@eg usi ng the o
speci f| ed wat er- al cohol -m xture § -
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55 The "Pluronic" polyols enployed herein have been fully described in
the literature; they 55 are 100% active, non-ionic bl ock copol yners made
by controlled addition of propylene oxide to the two hydroxyl groups of a
propyl ene gl yol nucleus. The resulting hydrophobe can betartotree—to—any
desired length, with a nol ecul ar wei ght fron1800 to several thousands.__The
addi tion of -ethyl.ene oxide to this hydrophobe ' 'sandwi ches" it bet ).

ophi.l'i ¢ pol y(oxyet hyl ene) groups of controlled | ength constit
1e nomencl ature of the "Plur.-

dr
é“t ol780% of 60 the final nol ecqléf? :
®ae_nanufactyrer. The "Pl urogic P

material s enployed Nererm Ts—that—ed
surfactants are al so non-ionic block copolymers, but the copolymer
addi tion of .

"structure is reversed; they are prepared by t he sequenti al .
et hyl-ene oxi de and 65 then propylene oxi-de to an ethyl ene glycol base. -
‘Specific details concerning the-chem cal . 65 1 595 .482 nature of the
"Pluronic" material are given in Table I. In these and all other Tabl es;
t he manuf.act«Cer .and, the ASTM type of the cement used is given. The
percent age & |t|'9nqabe &orst ke a,ddg,ll,ue shong i~ the Tabl es is'that as
~cal cul ated baged n§ h \/\El @t %f of hg cginent -sak. |rdsg{sogl igs Bnolids). The
results shofn in Tabl es “to X EhSw Pha these“nﬁﬁer1th Bawse s
relatlvely ﬁarge annunts of |ncrenental air to be entalned in the hydrated
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Tabl e

10 |1

or a negative effect on conpressive strength

devel opnent The fol |l ow ng cenent batches were used 10

Cenent Batch
Canada™T

conpositions and have no,
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X U w Uni versal Atlas Indiana 1 30 X
Atlantic | Y Canada 1 All of the "Pluronic" polyols listed in Table Xl
are "surface active" and are able to 35 reduce the surface tension of
water. None of the-listed materials, exhibited a surface tensiom 35 a5 a
0.0 1% aqueous solution at [ERR] above about .55 dynes per centinetre. The

"Pluronic" types "P-103"; "P-104"; "P-105"; "F-108"; "P-123" and "F;42
c.
(A6

all were excessively sol ubl e, exhlbltlng a cl oud p0|nt in excess o0

[\EBR19 These al so exhi bited hi gh f g ability.  The polyol "P-84
sol ubrt a-foam 40 prodifcer. The

"Pl uronic" types "L- 62 "L- 92"' and "L 72" exhi bi t ed cl oud pornts in the
40 range of about 20 to [ERR], and nechanical |l y-induced, agitated foam
heights in the range of about 10 to 20 millinetres in the water-alcohol -
m xture; these al so gave optr mum. corrpressr ve strength increase nost
~consistently. ‘The preferred "Pl ur oni ¢" type bl'ock copol ymer additives, are
t hose wherein (A) th typl cal nol ecul ar weight:of the 45

pol y(oxypr opyl ene) - h % Pro?n 950 ¢t 0 ;780 «@ana~t he %

pol y(oxyet hyl ene) i :%he S4% t 6 ol Bl ecule gs. £rdn B to 50, or (B)
wher ei n such nol ecular wei ght is from 1750 to 2750 and such %

pol'y'(oxyet hylene) 1§ from 10 to 30; or (C) wherein such noleclul ar wei ght
is from 2750 to 4000wnd%u@h %pﬁl oxyetghygens) gsyfrom 10 to 20. [All
percentages are by weght® ulfl efs Bt HBr w s& gag % g_xtur'es of such
copol yners sel ected gxom such groups 50 (A ,. (B), and (O can also
-obvi ously be errpl oyecE herg,el & Lhe.preferrgd such - Pl gﬂroni c" 50
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type additives appear to be those wherein the typical nolecular weight of
pol y(oxyet hyl ene) hydrophobe ranges from 1450 to 3000, and further wherein
t he % pol y(oxyethylene) in the total nol ecul e ranges between 15 and 35. Al

of the "Pluronic R' type polyol block copolyners tested are useful as

addi tive 5/,. conponents. However, t he. use of "Pluronic 25R8" as a _
strengt h+ g er is extrenely doubtfl as further tests with this materi al

do not cq the results of the experlnent shewn in Tdble V, as air was
then entr@ifigd with thi's material. This is_to be expected as it is on the o
cl oud poin Eﬁ&d«nr Line . .The "Bl uroni ¢ R "'lf’%é“&u_gd dp.our invepli.on..

include materials wherein the typical nol ecul ar 'wei ght of the

pol yoxypropyl ene) hydrophobe was 60 about 2500 and % pol y(oxyet hyl ene)

units was.in the range of 10 to 80, and materials 60 wherein the such.

typi cal nol ecul ar melght was about 3100 and such % pol y(oxyet hyl ene) mas
10-40. . 7 - 1 595 482

7 Exanple 11 In this Exanple the efflcacy of  certain synthetic surface
active al kyl polyether "alcohpl s, Enanﬁlyncaﬂdemsatlon<$erUGIs of .

oct yl phenoi- or nonyl phenot; wi:t h EThyEédﬁ aZi o - of f&r e - amagg the conmer ci al
nanes "Triton X" (Rohn1& Haas Gb ) mlgepal Eo" (ngera
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5 Aniline & FilmCorp.), and "Surfonic N' (Jefferson Chem cal Co., Inc.),
is illustrated for 5 Portland cenment concretes. The "Triton X' non-ionic
materi al s can be prepared by condensing octyl phenol with a varying nunber
of nol es of ethyl eneoxide. The "Surfonic N" and "Tgepal Co“surfactants—are
prepared by condensing nonyl phenol with a varying nunmber of noles of

et hyl ene oxide..10 Hydrophilic character is given to the al kyl phe

hydr ophobi ¢ noi ety ‘by the incor poratl on- 10 of the pol y(oxyethyl eéé_gz
uri:t sy The foam hei ght val ues gi e .ungabl e Xl are those as test t he
abovedEsTr T bed—attohot— ' seen from Tables2XI1} to

XX that of the "Tritons" the higher ethoxylated "Triton X-100", "Triton
X-114" and "Triton X-45" have to be excluded as they entrain: 15

consi derabl e anobunts of air. "Triton X-45" is a marginal perforner; it has
a tendency to 15 entrain air-in the higher concentrations. In Table XV
K for the second col urm of slunp figures- hi gher addition rates such as

0. 025 and 0. 05 om/a severe | oss .of slunp- |n the first five mnutes after

di scharge from the Ege I'ng efential2air gro:porcsl enak te the addition
rate. The effe &of'&WQ es;smge ﬁtren hi scnvé?ay."."crﬁtlﬁal at the
hi gher -addi t.i rates 20 such as 0.025% The foll owi ng Cen®nt- bat ches
were used Tabl®_ Cement Batch 25 XK1l A Atlantic |
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B Uni versal Atlas Indiana 1 CD Canada 1 E

Atlantic | 30 X'V F-H "XV H | "
XVI J " K Canada 1 XVI| A-C " 35
DF Yni-versal—Attas Tndiana 1 _ .35 XVI1I
G K Atlantic | XI X L- M XX A-C " 40
Correspondi ng findings have been nmade with the "Surfonics" and."Igepal s".
Mat eri dl g7hdyi ng-a percent ethoxyl ation over about 50, namely "Surfonic =~
N- 60", " nic N-95" "Igepal CO 530" ,_%gi;@gepal CO 520" are =~ P2 v
unsati sfael#2y and can.even be so SO t-e—strengtiras—toe
dangerous, for exanple should the material be "overdosed" by the 45
concrete preparer. Tabl'e Xl shows that all these materials exhibit
excessive. foam hei ghts. As expected "Triton X-45" is marginal in this
respect. The remainder ("Triton X-35"; "X-15"; ‘
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"Surfonic N 10";
or have a "cloud point"

maxi rum The 50 preferred al kyl
"Surfonic N-40" and 50 "Igepal

"Triton X-35",

50 percent poly(oxyethylene)

et hoxyl at ed product's ther eof

"N-20", "N-40";
near zero and have foam hei ghts below the permtted

and "1 gepal

aryl

CO- 430")

are either insol uble,

pol yet her al cohol

condensates are

in the nol ecul e.

ed 55 nanely those of feqggs.

prés

by Airco Chem cal s and Pl astTtTs.
active agent conposed of 2,4,7,9-
tertiary acetylinic gchoI.

agent ,
i.e. 60

mol e of the tetrangghy
characteristics).
prepared by reacildé"

"Bur fynol

rf n

"Surfyno

and is prepared by reacting "Surfynol
ethylene oxide in a nole ratio of 3.5 noles of ethyl ene oxide per

(see Table XX

L G5

60 -decyndi ol

t et ranet hyl -

440"

CO- 430" whith—contat-—35—t+0

Exanple 111

the use of certain synthetic surface active acetylinic glycols and 5
in-'Portland cenment concrete conpositiang e
' rC|aIIy ‘under the nane " Sur:

Q-1 oni C. su¥3f ace

In this Exanple,

o

5 decyn 4,7-diol; it is a

isS a non-ionic surface active

104"" wth al kyl ene oxi de,

for

details of

|s al so a non-ionic -surface-active agent
V\nit{ge@lyrﬂene omd'e g he nole ratio
nol&:, &

bei ng 10 nol es of de‘t‘"hyl‘éne"om & p§r
concrete test res@ts perforned are gl ven

65

| TABLE X

£
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cement batches mere:as gS
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Table XXIL

o

. 883
816

271

5097

249.2

5827 -,
5571

261.8

883

3.0,
25

11.4

33,

3724

3716

62.1

412
3 3/4

0.57
0.57

0.02% L72

1% decyndi ol. The
n thls Table t he

5423

261.2

891...,1:62:6

2:9,' Wit

9.5

0.02% 192



1 595 482 A Atlantic | B
Atlas Indiana 1 D | deal 1 Al
Table XXIl were effective as
enhaneng—addttives;
"i nsol ubl e" or
| ow 10"
this Exg#
sur f act

t he Wan

e,

WaVWal

| ow additi on rate,
cach fowered the surface tension of water

"had a solubility bel ow the [ERR| approximate |imt,
danmers (in water-alcohol mxture).

the efficacy of a proprietary comercial
"Pl uraf ac RA- 20" (Regi st er edi. Tysaglg. Mark) of fered connerclalljﬁby
2é 15 Chem cals (‘nrn

Canada 1 C
of the "Surfynol™

Uni ver sa
products tested in

conpressive strength

were either
and were

Exanmpl e IV (Conparative) In
synt’heti c non-ionic.

a5—& |uvv aLIUILlUI'l rate

strengt h-enhanci ng agent is i 1l ustrat ed.

descri bed as 100% acti ve,

conpr ESSI ve

15 The "Plurafac" products are

chain, primary aliphatic, oxyethylated al cohols. Details

RA- 20" as wel |

as the results obtained are presented in Table XX I;

tests were perforned on Atlantic 1 cenent batch A 20

that as the anmount of thfs sur f act ant

hi gh.
conpr essi ve
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i's |ncreased ygrx\
strengt h- damagl ng :i nerengnt-al aRr ‘ts%nﬁr aiznedl

In a simlars: expeFE"nEnt tﬁstm ng; tﬁe e‘f f%cé‘v’ 0?3"

nen-i oni ¢ bi odegradabl e surfactants of - strai ght

of "Pluraf ac,

t he
The results show
hiohe ZQ

ié-too.
HSIUPaE%C 40" as a-

3987
. 4285
4345

3

, 2274
~260.1

3167
3235
3700

74.1
741
86.2

1654
1054 -
1226

24 .
2.0
25

13.3°
12.1
12.1

S, 183
4 3/4
4 3/4

0.57
0.58

0.58

£ 0.005% L92
0.02% LA2

Iye aidnievis,

0.01% L9

v



strengt h-enhancer for Portland cenment concrete, this material was found to
entrain strength-damagi ng high anobunts of air at an addition rate of 0.05%
"Plurafac RA-40" is 25 simlar to "Pl urafac RA- 20", except that it has a
cloud point of [ERR] and has a | ower degree : 25 of ethoxylation than
"RA-20" which indicates a | ower water sol ubi Y i.ty. Agitated foamhepght
tests of "Plurafac RA-40" in the water-al cohol mxture indicate a/teget.
val ue of less than 30 millimetres. However, when tested using wat I"one,
* gxhibited a foam hei ght averpgg; §@st vaI ue of 38. 30 Exangke V,Thl S
.Exarrpl € 11 rustrares rheusefutness—or——smatt—amommt-s—of—synthe-e=bl ock
copol ymmer non-ionic surfactants offered.commercially under the nane
"Tetronic" by the -Wandotte Ch?g?ﬁrg§ Corporatl on. These materials are
bl ock copolyners repared in a 85 " sinmilar to the "Pluronic” block
copol yners of Exarrpl e 1, except that ethyl ene digmune is. 35 used as the
baseSt o whi ch et hyl ene ox€&e and ne oxi de are added sequantially. As
in the case of ¥ ONIGir obfks™, &‘E@uct °vary di ng .upon, the
anount of pol y(oxypropyl ene) hydr ophobe and thg" %ﬂ' y(oxyet hyl ene)
hydr ophi lic unlr-$04pr esent .ig1 the s@$ ecul’e. i’ypl cal | w2t he -nol ecul ar wei ght
of #0e pol y( oxy®i®pyl ere) «frti ondl:§ from 2500540 80 4500 and 10he %
pol y(oxyet hyl e j nits |§ rom 1§ go 20. The "T«etr]@lc bl ock . 40
* copol yners errplpygd her:gi gigai-e kl$i§d i i Tapl e X)(Ig,isgand t he physical and
chem cal properP-i@ss t her eof86i n Tatt@ XXV. Fabl ets Xl and XXV | r epr esent
thel¥est resul tﬁﬁ'n concrz}é«g in Tﬁage XXV % and B \g%re bot h Cali&da 1

« Cenent Bat ches j e in.Tabge .. 33.7 T 27
142 Sn37 0 495 M ~og
- ' ‘25 R4 o "'40 426 R 10
20 - .25 R8 . 80 50.8 4 9 o 20
' =31 R4 =31 h 444 O ] 18 f
343 0 T 242 2 503 o2 7
L-72 25 429 2 11
L-62 32 453 2 16
25 S S92 - »26 .. 37.8 .2 15 : 25
TL-61 w24 n 485 - 2 6 :
"L-101 15 T 349 Ny 5
25 R1 - 28 41.0 2 = 10
: _ B31R o 025 - 366 o2 6 : -
30 L-81 w200 5 437 -2 4 30
L-121 14 - 325 2 R _
31 R2 30 41.2 2 1§
L-35 77 53.0 2 5
L L-44 . .,65 . 483 2 8 :
35 o JL31 0 f. 031 L 504 2 -8 35
25 R2 33 40.1 2 9
- _ T T TABLE XII = :° o ,
P 't 9%H + CPLC). +S.T. - Ne. Av. F.H.
. - e e .. - (Dyneslem) % (mm)
a5 | , as
. Triton X-108, < 66.68 <65 > 731 = .o 2. >150 '
: Triton. X-114 = 60-63 °-25 - 30 2 129
Triton X-45 51 >0 : 29 2 -3t
 Triton X-35 = . 39 - >0 - 29 2 2
. 50 Triton X-15 .18 | >0 Insol 1 -0 50
: * Surfonic N-95 . 64-67 542 - 305 2 - >150
Surfonic N-60 54 = Insol 289 - Z: 62
- Surfonic N-40 4 . Insol - 28 (Approx y 2 5
Surfonic N-20 29 - Insol : ~_ Insol . 1 0
- §5  Surfonic N-10 17 =~ Insol - Insol 7. - 1 0 55
Igepat CO-530 54 Iosol- .28 (Approx) 2 45
Igepal CO-520 50 .: Insol ‘.é'. % .;;Z

- Igepal C0-430 - 44 In_s_ol ) Inso_l



XXVIl C and D were both Atlantic |

alr

Cenent Bat ches

for the—brank

“rc—oT AT\ | 1

t hi s Exanpl e,

eval uations of ot her

resul ts ng non-

i oni c,

45

. These experinents
show that Tetronic 1102 and 1502 entrain | arge anounts of
ir as the addition rate was increased to 0.05%

45 i ncrenment a

The hi gh figure obtained
Tabte XXVI B nust be questi onabl e.

Exanpl e VI 50 I n

representative results are given of only prelimnary

,,50 comercially avail abl e synthetic surfactants.
surface active pol yethyl ene gl ycol’

|y under’ the name " ARMAK KE§§§§M§§G by Arnour Industria

following the "PEG' in the Table

pol yoxyet hyl ene gl

ycol porton of the noleéulé!

‘ 258.]’ e given.in. Tabl cu Yod-fdes
S et

gstrg—am-Attantic 1 Cenent Batch.
The materTals shown are 55 pol yoxythyl ene esters of oleic acid. The nunber

55 |nd1cates t he nol ecul ar wei ght of the
‘Cther comercially available

surface active products include (a)"BR.J 92" (Reglstered Trade Mark of

Atl as Chenlcal | ndustri es,

al cohol
strength of the 60

di scouraged further testihg, Cand'"BRIJ 72 (Atlas “Cherd
Inc.) a non-ionic polyoxyet hy&;gne gt

at the 0.02% | evel
30" (Registered

concréte&‘"BRIJ 30" (Atlas Chem gal .
a non-ioni c pol.yoxyet hyl gne et@er *

addition |evgl tended tosientragn

exhlblted t3e Sﬁ
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g 4
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0.002%: Tritom:; X-35°

0.002% Triton X-35

0.002% Triton X-35

Inﬂusnrles hnca)

f RauryB: cohoig wR ch a8 ge 0.02% .,
higgh amtin® Wncr"ement‘al i-r which ~
cal Andystrles
r of:55t @ar yls: @l &phol ®igh when added
tendenc s asy " BRI SU"' (b) " SPAN
~._'.:'.9-' . q_
. N e A S | a‘ e
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4 ‘& & 88 HiE
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esters offerggégd

I'nc.) a.non- |on;t polyokyethylega gt her of oléyl
whi ch” when added at: 0. 02®6exh|b|téd i-ncrease in conpre55|ve



65 Trade Mark of Atlas Chem cal Industries, Inc.) a non-ionic fatty acid
partial ester of 65 9 1 595 482
9 sorbitol anhydride (sorbitan nonool eate) which when added at a |evel of
0. 02% caused high.increnmental air entrainnment. and | ow conpressive strength;
(c) "TVEEN 81" (Registered Trade Mark of Atlas Chenical Industri
‘non-ioni ¢ pol yoxyet hyl ene derivative of a fatty. acid partial
sorbi tol anhydride (pol yoxyethylene 5 sorbitan 5 nonool eate),
0, 025 addi ti on Ievel ent rai ned P ‘up-rate anmount of |ncrenental

A ‘ S£d) " TR TON
H-66" (Rohnt& Haas Cb ) an anionic phosphate ester of an ethoxylated

al kyl phenol’, potassiumsalt, which at a |ow addition Ievel entrained a high
anmount of increnental air and exhi bited | ow conpressive strength; and (e)
"TRI TON H 55" (Rohm & Haas Co.) an anionic 10 phosphate ester of an

et hoxyl ated al kyl phenol, potassiumsalt, which at a low addition |evel
entrai ned no increnental air and exhibited a conpressive strength increase.
Exanple VI1 The folkowi ng is a detailed Exa |l e of a set accel erati ng,

st rengt h- enhanci‘iig Eddl;tl e 15,°c®p% gﬁ gp@y. ng:a preferred
st rengt h- erhanci- n%aurféacﬁant R R 5 -+ Pl uroni ¢ L-92".
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% by Weight 20 Cal ci um chl oride 84.8 "Pluronic L-92" 1.94
"Triton X-100" 0.83 "Corn Syrup" 12.43 25

100. 00 25 A typical addition rate
of this additive conposition to structural Portland cenent concretes lies
generally in. the range of fromO0.10 to 2% preferably 0.3 to 1% by wei ght

] (ve solids based upon cenent solids. . \

|1 The conposition described in Exanple VI1'is general I %

30 Exanpl ¢

accept abl set accel erati ng, st reng haenby \nci ng additive for Portland
cement CONCr g&@: o : - ad=¥aVi tava Al e placed at low
anbi ent ten’perat ures, [ERR] and beI ow, .under which | ow t enper at ure 35 _

condi tions acceleratlon of the setting tine is especially desired. However,
such conposition has the disadvantage that the setting time of the concrete
was not shortened at addition rates hlgher t han t hose reconmended,; that is
t he degree of shortening of setting time is not. proportional to the rat e of
addition of the additive conposition. In this Exanple, an 40 additive
conposi tion is given whigh, unlike t he addltlve conposi ti oni-of Exanple VI,

gives 40 a "set-accelerdti o&" B/l 9%
addi tion of t he corrposueson o 8h > S 5
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cenment conposition. Thus an inportant advantage is obtained with the

conposition of this Exanple in that a reliable predeterm ned degree of
set-accel eration can be obtained by selecting the addition level in
advance. 45 The following is a detarTed EXxanpre of & set-accetetat
st rengt h- enhanci ng conposi- 45 tion according to the inventien enp
preferred strength-enhancing surfactant of the invention, Pl ur oni
The conposition is:an aqueous blend contalnlng t he follomnng pr op!

sqQli dgmaterials: 50 :

50 SOTT OS5 by wWerght—Catctom-cht et Y A N -V 2P uronic
L-92" . '1.00 _ 55 "Triton

X- 100" 0.40 "Am ne" . 4. 00 100. 00 60 :

60 A.typical addition rate of this addltlve conposition to structural
Portland cement concretes lies generally in the range of fromO0.10 to 2%
preferably 0.3 to 1% by wei ght of additive solids based upon cenent solids.
The anmine used in the above conposition was a m xture of al kanol am nes and
_hlgher b0|I|ng honnq?gues obtalned as a coproduct ina . :
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65 continuous comercial process of produci ng am nes.

65 10 1 595 482 In an experinent, the
conponents of the additive conposition detail ed above in Exanple VIII were
tested™SINgry and 1N various conbinations as additive to Porttand cememnt
concretes. er to cenent ratio, slunp, %air and conpressive strength

were all -d nned as in previous tests, except_ that the concrete:was
prepared gt RRl ([ERR]) and.5 cured at [ERR] ([ERR]) for; three days. '
The rest ov+he curlng perlod was at [ER EﬂibEFR]) plus or. 5 m nus [ERR}f £
([ERR]) |n a: . = A O .. 9.LLA ] e m '
(307Kg/ cu. m . The test S|nulates "Iom/tenperature condltlons. Settlng tinme
was det ermi ned according to ASTM C-403. The results shown in Table XXI.X
(using lIdeal 1 cenment evidence the excellent set acceleration and optinum
3, 7 and 28 -day conpressive 10 ‘strength enhancenent -obtai ned using the
conbi nation additive conposition of the 10 invention. The results of -
simlar experinents are shown in Table XXX (using Atlantic cenent);
conpressive strength galn ‘and set - agceleratlon conpar abl e o hi gher amounts .
of cal cium chl ori de age«no%ed I'n 2 o3 ';Q@sﬂ%gﬂﬂu?an9|¢ |- cenent) t he
ef fect -of varyl ng the ari né cence @at‘n -ﬁ“n 5 & lsgt&'e gormo& tion of the-
invention i-s shown. In Table XXXI Iwéum ng Atlantlc I cemant) the 15 -
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effect of varying the amount of "Pluronic L-92" is shown, as is a

conpari son between a conposition of the invention containing, a snmaller
anount of cal ciumchloride and an ASTM TYPE A C494 wat er reduci ng adm xture
(desi gnated ASTM containing additional - |y, 1 -percéent of catctiumchioride.
In . Tables XXXI'Il to XXXV using Ideal 1, Atlantic | and ldeal 1 cerrent

respectively, the: 20 effect of varying the addition rate of the /
conposi tion of the‘invention.is'shown. TABLE | "Pluroni.c" MA 7'
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1 595 482 TABLE XXI P. % H C. I[D ] S. T.

F.H ([ ERI?L) (Dynes/ cr’r)‘ No. Av. F.H (nmm Surfynol 104 0
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[ ERR] 53 1 595 482 WHAT Ve CLAIM IS 1
A process for the production of a hydraulic cement conposition such that

the hydrated cenment has inproved conpressive strength which conprises
i ntroducng-Tnto the conposition from0.001 to 0.1 percent by wei ght based
on the weight of the cenent of a 5 synthetic surface active agent which is

a non-io ,,\Iock copol ymer” of one or nDreraIkerne S diam nes and an.
al kyl ene \akogde, a non-ionic, acetylenic glycol or a reactioh product
t her eof " 4n alkylene oxi de

. a_non- | qn4es .48l yet hyl ene glycol ester, a48
non-i oni ¢ _pa et-her

1 yet-hyl-ene—et-her—of—oteyt—atcolut—amantont ¢ phosphate -
ester of an ethoxylated aIkyI phenol or a non-ionic block copol yner .
prepared.by sequential addition of ethylene oxide, then 10  propylene
oxi de to et hyI ene glycol or a non- ignic & ogk 3opol ymer prepared by,
sequential --10 additi.on. of: propylene -OXizghe; MtHEn'ethyLene oxide to = :
propyl ene gl ycol , - otHher.. than a last said non i ontc-bl ock copolyner in which
t he polyoxyethylene content is from toc90°pehcent by weight ‘and the
pol yoxypropyl ene portion has a nolec argwegghﬁ fram 870 to 2330, said

surface active agent.. havlng the fol omnng“qﬁhr cterfstjcs (a) a cloud
p0|nt (as her ei nbefore 45 def ined ,not‘kn

: §s “of - [EHﬂJM and (b) a
"“mechani cal | y- |nduced agltated foa_' |gH@" L :
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her ei nbefore defined) of less than 30 mllinmetres. 2. A process according
to claiml1l wherein said cenent is Portland cenent. 3. A process according
to claim1l or 2 wherein said cenent is a structural concrete conposition
possessi ng a conpressive strength, nmeasured after 28 days of hydratron, in
20 excess of 2000 p.s.i. (140 kg/[ERR]). 4. A process accordi ng=T® any
one. of clai.ns 1. to 3 wherein the surface active agent is presentn '
anount- from 0. 001 to 0.05 percent. 5. A process according to any of the
R ecagli ng cl ai ms wherein the suufjgselsactl ve agent exhibits a surf @ce

| e Y 01 | £ Lacco t an: 25

ten5| on as a U.01% DY Wet ght—aqueous sorotrom—at—HERR—e+—+e5s ;rm

.55 dynes per centinetre. 6. A process according to any one of the preceding

spol y(oxyethylene) is fr oﬁf 10¥ o"‘35"’

[

~clai'ms wherein the surface active agent possesses a cioud point from20 to

[ERR] and a foam hei ght  fromg0Og og20a8mg| pegres. 7. A process according

~to any .one pf the precefgl ng davi*hs-:M/rﬁTebni h& surface active agent i's
“non-ionic. .30 - 8. A gxocess according-to claim7 wherein the surface

- active agent is prepared By gddingy 39 p,(egl gne oxide foll owed by et hyl ene

oxide.to pr opyl ene gl ycol@andgtf gt @ery( ag | ecul ar wei ght of the
resul.ting pol y(oxypr opybene) “boftiBn Bf ¥ H&.c¥pol ymer is from 1750 to 2750
and the resulting percegi by |&gh poI (oxyet hyl ene) is from10 to 30; or
(b) said nolecular wei g is ﬁw é? &)0@ and said percent '

342.0

238.4:
327.3
g

é\

7D
(kg/cm2
- '2.3.3-4.-
314.2

cs
3391
4469
4280
3391
4656
4763
4865

3D

(PSI) (kg/em?®) (PSI)
101.3

344 1648 4469

1537 '

101.3
169.5
181.1
186.3

1441
2344

2186

1441 101.3
2411 1
2576
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..8 5

3:1
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9. A process according to any one of clains 1 to 7 wherein the surface
active agent is a non-ionic acetylinic glycol or an al koxyl ated product
thereof. 10. A process according to claim9 wherein the surface active

agent 75 a tertiary acetylinic glycol. 40 11. A process according to
claim 10 wherein glycol is 2,4,7,9-tetranet hyl -5-decyn- 40 4 ,7.diol..
12. A proc ac ing to any one of clainms 9 to I1 wherein the surface:

I ..v r"?/ D
active-agegy ¥s eaction product: of ethyl ene’oxide" and said acetylinic . —
gl ycol . 13, Anpr ocess accor d| ng to clai mggd-arerei n the product cont ai ns 59 'y
3.5 to 10 .noies—e ~

-4 Tyeme-oxTae-per otreofaceryrtnr ¢ gl ycor .

45 14. A process accordl ng to any one of clainms 1 to 7 wherein the surface .
active agent is a block copolymer of ethylene diam ne, ethylene oxi ‘de and
propyl ene oxide.-15. A process aeCRr din@:t & cBaip 14 wherein the nol ecul ar
wei ght of the poly- (oxypropyl ene) '150I’t| oh & 'Sai® copol-yner ranges from
2500 to 4500 and the percent by 50 & weight poly (oxyethylene) units. in the
polymer nolecule is from 10 to 20. .%g .. »v. 80 &6.aA process according to any
one of the preceding clainms wherei n@he 8e§n8 cﬁrrposd tion contains a nmjor
amount by vol ume ‘of - aggr egat e. 17. g pr Gte Recor di ng-to any one of the .
precedi ng cl ains wherein the cerrenb;sorrg)sn,{lan &ont ai ns a set- accel erati ng
agent. 55 18. A process accordm% vvhe‘rel n the

set - accel er atl ng agent is cal cium 5
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~-accordi ng to any one of the precealng cHar s wherern
- '54 1 595 482 give a water to cenent

or a mxture thereof. 60°20:

chloride. 19. A process according to any one of the preceding clains
wherein the cenent conposition contains a water-soluble, water-reducing
agent which is a carbohydrate; polyhydroxy pol ycarboxylic conpound;

| i gnosul phonic acid or a salt thereof: a boric acid 60 salt; a siTrcone

process accordi-ng to any one of t he. precedi’ng cl'ai ms wherein the Ga
cenposition contains -an amine. 21.. A process accordlng to claim?20,:

sai dbtani ne is an al kanol ani ne org. @mt ure ther eof . 22. A Ss
'Wwﬁﬂﬁ“ﬂﬂ?-&d&ed to

65

-wei ght ratlo of fron10 4:1 to Q 1&32 A process according to claim1
50

p

substanti-ally as described in

: Exanples t, 11l and Vto VIl. 24.
A cenent ‘conposition wheréver ﬁ?epared by a process as clained in any one

-7 of the preceding clains. 2§ A Portland cenent structural concrete
conposi-tion whenever- prep ed- bw p#leess
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as claimed in any one of clains 1 to 23. 26. A hydraulic cenent conposition
whi ch conprises a hydraulic cenent and a synthetic surface active agent as
defined in claim1 and possessing the characteristics (a) and (b) specified
in clarmmI—in an anount from0.001 to 0.1 percent by weight based on the
wei ght of: . '27. a conposition .according to claim26 mhlch has one.

or noie of jthe features of clains 2 to 4 and 16 to 21 28. A

set-aécerV g , o
conpri ses, . a rraj or anount of 1a5gse¢szaccel er at| ng agent for '52' B4
hydraullc CEHppt—a —A-rorT—amount—of & SYTTNer ¢ SuUrtace active agent
possessi ng- t he. characterlstlcs (a) and (b) specified-i-n claimdl and of an

am ne. 29. An additive according to clai m.28.wherein the sét-accelerating
agent is ‘cal.ci.umchloride. 30. ‘An addi ti ve" accordlng to claim28 or 29

whi ch cont ai ns. a” water - sol ubl e, mater-redUC|ng agent ‘which is a = . . =
car bohydr at e, - pol yhydr oxy polycarbo lic conpoung ”Ilgnosulphonlc acid or a"
salt thereof, ~a boric acid salt, §i|IG@5 PR nixture thereof. 31. An

addi tive accordlng to claim 30 mheréin ihe _”FbrmredUC|ng agent -i s pesent

in an ampunt. . from'l to 25 percent . melght ‘based on<the weight of the.
additive. 32. An -addi ti ve accordi. nglmo dhy %ne-uo cl alms 28 to 31 V\/m ch

contains from1l t6-6 percent by ME|§¥t e'gnite; and 0.15°to 3 percent
by melght of the synthetlc surface -
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active agent. 33. An additive according to any one of clains 28 to 32
wherein the amne is an al kanolam ne or a m xture thereof. 34. A
conposition or additive according to any one of clains 26 to 33 wherein the

7 SynthetiCc Surface active agent 15 one derined 1 any one of ctrarms t—amd 5
to 15 35. A conposition or additive according to claim?26 or 28 - ;

substantially as described in any gne of Ex lq to/
KEMP & CO.; Chartered Patent Agents, 14, Soam IHC" rI ,HIH s |
(WE1R35EU. Printed for Her Majestysgz sabationerty & ficedr by Groydo
% By eth—CFey H-Fey—1 084 —Published—by tha-Ratent-Of i ce, 25
Sout hanpt on Bui | di ngs ,- London, WC2A 1AY, from which .copies may be
Obt al ned.wj'm‘UWE CL.AIM IS:. Lo _ 1, -'--'_,-'l.-;‘ "_" CHEs ::.;"1'.--'-.'.'\' R I T S I ..-.__,;'-.-_. .
- . L~ A process for the:production of. ahydraulic. coment.composition. such that- the
hydrated cement has improved compressive strength which comprises introduding into:the
o :composition from-0.001. to-0.1 percentiby .weight:based:on the weight of the cement. ofa
-] fl)i;;lt etic surface active agent which is a non-ionic block copolymer of one or more alkylene. - 5
- diamines and -an:alkylene oxide; a;non-ionic acetylenic. glycol or.a reaction product thereof

.;‘ C . \

with an alkylene oxide, a non-ionic polyethylene glycol.ester, a non:ionic polyoxyethylene
-~ ~ether of-oleyl alcohol,:an anionic-phosphate: gster..of an 'e_t_t_lg;gyl_-at’_qdi‘._aliyl_ .phenol or'a
- non+ionic.-block: copolymer . prepared by . sequential..addition .of  ethylene oxide, :then
10 . -pr?ip_ylene oxide to ethylene glycol or a-non-jenic block -gop@lqurf epared by sequential - 10
o addition of propylene oxide, then ethylene oxide to propylene glycol, other than a ?_ast said
. - non-ionic-block copolymer-in which the pelyoxyethylene content is from 30 to:90 percent by
“« w?'fght' and the polyoxypropylene portion has a molecular weight from 870 to 2330, said
. -$urface:active;-agent having the following characteristics; (a) a.cloud point (as hereinbefore
- 15 ::defined) not in excess of 80°C; and: (b) a “mechanically-induced agitatéd foam height” (as : 15
. ‘heteinbefore . defined) of less than 30..millimetres.. -. e e T §
& 2. A process according to claim 1 wherein said cement is.Portland cement. . ..
"« 3. A progess :according to.claim: 1 or 2 wherein said cement is a. structural concrete
_ composition &o'ssessin a compressive strength, measured after 28 days of hydration, in
.20 .-excess of:’ p.sio(140 kglem?). - el L i o s
" .. 4. Acprocess-aecording to:any one of claims 1 to.3.whereil
‘present -in: an- amount -from- 0.001 te..0.05 percent.. .. .. ... . ;7 (.t L L0
-~ =5, /A process.according to-any one of the preceding claims wherein _tl%e_:_ surface active’
agent exhibits.a surface tension as:a 0.01% by weight aqueous solution at 25°C.of less than
25 - 5 dynespercenﬁmetre- e I A T .-’l._'.-_:'. . . el '-: , 3. ”':e—: o
-+ :6. A process according to any-one of the preceding claims wherein the surface active
~ -agent possesses a cloud point from 20° to'35°C and a foam height from 10 to 20 millimetres..
.27, . A process according to any one of the preceding claims. wherein the surface -active
: -agent is non-ionic. ' O
30 =: 8. Aprocess according to claim 7 wherein the surface active agent is prepared by adding ;30
pr.oFylen'e oxide followed -by ethylene oxide to.propylene glycol and further (a) the = .
--'molecular weight .of the: resulting’ p_ol,y.,(oxypropylenequrt_iqn of _.the,;co'polgmer- is from
1750 to 2750 and the resulting percent by weight poly (oxyethylene) is from-10 to 30; or (b)
. 35 ;:aid molecular weight is from 2750 to and said percent poly(oxyethylene) is from 10 to 3-
T.. : - :_. .l“'..' - \: B ° L L. . ':-.- 5
9. A process according to any-one of claims 1 to 7 wherein the surface active agent is a
non-ionic acetylinic glycol or an -alkoxylated. product thereof. . o
10. A process according to claim-9 wherein the surface active agent is a tertiary
acetylinic glycol. DEICRL e
40 11. A process according to clai
4,7 diol. v s e o B T IR C L _
12. A processaccordifig to any one of claims 9 to 11 wherein the surface active agentis a
reaction product of ethylene oxide and said acetylinic glycol. .
13. A process according to claim 12 wherein the product contains 3.5 to 10 moles of .
45 ethylene oxide per mole of acetylinic glycol. : _ S 45
.~ 14. A process according to any one of claims 1 to 7 wherein the surface active agent is a :
H ' block copolymer of ethylene diamine, ethylene oxide and propylene oxide. :
15. A process according to claim 14 wherein the molecular weight of the poly
(oxypropylene) portion of said copolymer ranges from 2500 to 4500 and the percent by
© 50  weight poly (oxyethylene) units in the polymer molecule is from 10 to 20. 50 -
16. A process according to any one of the preceding claims wherein the cement
composition contains a major amount by volume of %:iggregate. : :
17. A process according to any one of the preceding claims wherein the cement
. composition contains a set-accelerating agent. . . : '
.. 55 18.d A process according to claim 17 wherein the set-accelerating agent is calcium = 55
" chloride.. , : '
. 19. A process according to ani\; one of the preceding claims wherein the cement
composition contains a water-soluble, water-reducing agent which is a carbohydrate;
. polyhydroxy polycarboxylic compound; lignosulphonic acid or a salt thereof; a boric acid
"60  salt; a silicone or a mixture thereof. . _ :
-. 20, A process according to any one of the preceding claims wherein the cement
composition contains an amine. S :
21. A process according to claim 20, wherein said amine is an alkanolamine or a
. ~ mixture thereof. . ; o o _
65 22. A process according to any one of the preceding claims wherein water is added to' 65

) the Surface.active agent.is

;28

10wherem the glycol is 2,4,7,9-tetra|hethyl-5-decyn- 40
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“weight;~a ‘miajor-amotnt ‘of 4 ‘se
- amount .of a synthetic surface active agem possessmg the charactenshcs (a __'.?and ()

“*'chioride: "

“‘amount from 1 t6°25 percent by weiglit \based -on. the-weigh

gwe a water to_cement welght ratio of from 0.4:1 to 0.6:1. ° bl
protess actording to claim: 1 substantla]ly as’ descnbed 'n any one of E

c]alms R 2 s
’-"Portland Ement structitral ooncret GOmpositlon whenever prepared bya proeess
med in idny one of, claims'1 o 23:°
K".hy&raulic cement" Gomiposition - whic

h'e tined in claun 1 and gossessmg the charaeteristics (a) and

on: es-:by
:hydraulic’ cement’ an a:minor

-acceleratmg agent for

spec:ﬁed‘ iri-claim- T-and of-dn*amine.

29. - An ddmve aocordmg to claim 28 wherem the set-a'- i leratmg agent is calcmm

; ater-soluble .

30. An addltlve according to clalm 28 or 29 *whlch oontams

** water-reducing“ageént ‘which -is “a carbohyd:rate, golyhydroxy -polycarboxylic: compound,
i _hgnosulphomc acid or.a salt thereof, ‘a boric aci

salt; -asiliconé;  or a-mixture :thereof.
7317 Amadditive according to ¢laith"30 ‘wherein the water-reducglfg agentis _present m an

‘the ;additive: *: .+
32. An additive according to any one of claims 28 to 31 which:contains from: 1 fo 6

‘ 'percent'by welght of ‘the amine and 0. 15 to'3 percent by welght of the synthetlc surface

“activ ent‘ : i EN s .
330 AR additive acéordinig 'to aiiy one- o‘f clalms 28 to 32 wherem ’the amme ls an

,__falkanolamme or a mixture_thereof. ’

"Aéomposition “or-addjtive- ‘aecordiigto any one "of claims: 2%: to* 33 wherem the
i __surfaée active'‘agent -is one-defiied in any onerof-claims: Lfand 5 to:15.::
com' Osmon or_addlfxve accotding to claiin 26-or- 28 substantlally as descnbed*m

an’ VtoV 11
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