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ABSTRACT OF THE DISCLOSURE 
An additive for cementitious mixtures capable, when 

used in quantities in the range from 0.1% to 3.0% by 
weight on the cement component of the mixture, of in 
creasing the compressive strength of the hardened prod 
uct by 25% to 12.5%. In its optimum form, the additive 
consists essentially of components selected from each of 
three groups of organic compounds: viz, Category 1, 
consisting of the partial fatty acid esters of glycerol, the 
partial fatty acid esters of sorbitan, the partial fatty acid 
esters of sorbitol, the ethoxylates of the partial fatty acid 
esters of sorbitan, the ethoxylates of the partial fatty acid 
esters of sorbitol and the partial fatty acid esters of cho 
line glycerophosphates such as are termed lecithins; Cate 
gory 2, consisting of the sulfates of the partial fatty acid 
esters of polyglycols, the sulfate salts of the partial fatty 
acid esters of polyglycols, the sulfates of the partial fatty 
alcohol ethers of polyglycols, the sulfate salts of the par 
tial fatty alcohol ethers of polyglycols, the sulfates of the 
partial fatty acid esters of glycerol and the sulfate salts 
of the partial fatty acid esters of glycerol; and Category 
3, consisting of the sulfonated condensation products of 
formaldehyde and a naphthalene, and the salts of the sul 
fonated condensation products of formaldehyde and a 
naphthalene. However, certain members of Category 1 
are, to a degree, effective alone, or together with each 
other, or with a member from either of the other cate 
gories; while members of Categories 2 and 3 are ineffec 
tive alone or in any association which does not include a 
member of Category 1. 

SPECIFICATION 
It is well known in the technology of concrete and re 

lated products that the strength-usually the compressive 
strength as measured by the ASTM test C39-64-is a re 
liable criterion of general quality. For obvious reasons, the 
whole technology of concrete is developed around ob 
taining a significant and practical strength with a mini 
mum of cost, and a maximum of convenience in use. De 
spite much research, most concrete presently used com 
prises a simple mixture of sand and coarse stone with a 
minor proportion of portland cement, sufficient water 
being added to make this mixture fluid enough to place 
in forms. It has been known in the art that, as a general 
proposition, the less water used in concrete, the higher 
the strength; a great deal of fruitful research has occu 
pied itself with determining what mixtures of various 
particle sizes of sand and stone will give fluid concrete 
with minimum water content. Various organic and inor 
ganic additives have also been tested, which permit a re 
duction in the water content of concrete while maintain 
ing a usable level of fluidity (commonly measured in the 
ASTM slump test). However, these previously known ad 
ditives tend to reduce strength for reasons of their chemi 
cal structure, with the result that the final strength of 
concretes made with such additives and lower levels of 
water is not increased enough to warrant their general 
use; rarely is compressive strength increased more than 
10%. Perhaps the most successful of such additives are 
various lignosulfonates, which give improvements of the 
concrete with respect to uniformity and workability, and 
often a modest enhancement in strength (generally 5-10% 
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but occasionally up to 25%) at a very low cost. Hy 
droxyacids and sugars, such as tartaric acid, citric acid, 
and sucrose, are used to a lesser degree, the problem 
being that the cost of the additive and the inconvenience 
of measuring it (since excessive proportions of these 
cause deterioration of the concrete) tend to overshadow 
the improvement in strength, which rarely exceeds 20% 
in any case. The commonest organic additives are air 
entraining agents such as petroleum sulfonates, which 
are not germane to the purpose of increasing strength 
as these additives always reduce strength and are used to 
increase the resistance of concrete to frost action. 

I have discovered an organic additive which, when in 
corporated in cementitious mixtures in a ratio of 0.1% to 
3.0%. on the mass of cement in the mixture, will produce 
strength increases on the order of 25% to 12.5% without 
significant deleterious effect upon the handling character 
istics of the mixture. The additive may be mixed, in a 
dry state, with the cement to be used in the cementitious 
mixture. It may also be added to the water used in pre 
paring the mixture, or it may be introduced into the 
cementitious mixture in any other manner so long as it is 
reasonably uniformly dispersed in the final mixture be 
fore setting occurs. - - 

I presently believe that an optimum embodiment o 
my new additive should comprise at least three ingre 
dients, including at least one selected from each of the 
following categories: 

CATEGORY 1 
The partial fatty acid esters of glycerol. 
The partial fatty acid esters of sorbitan. 
The partial fatty acid esters of sorbitol. 
The ethoxylates of the partial fatty acid esters of sor 

35 bitan. 
- The ethoxylates of the partial fatty acid esters of sor 
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bitol. 
The partial fatty acid esters of choline glycerophos 

phates such as are termed lecithins. 
CATEGORY 2 

The sulfates of the partial fatty acid esters of poly 
glycols. 
The sulfate salts of the partial fatty acid esters of 

polyglycols. 
The sulfates of the partial fatty alcohol ethers of poly 

glycols. 
The sulfate salts of the partial fatty alcohol ethers of 

polyglycols. 
The sulfates of the partial fatty acid esters of glycerol. 
The sulfate salts of the partial fatty acid esters of 

glycerol. 
CATEGORY 3 

The Sulfonated condensation products of formaldehyde 
and a naphthalene. 
The salts of the sulfonated condensation products of formaldehyde and a naphthalene. 
For optimum results, I have found that a significant 

proportion of an ingredient from each of the above 
categories must be present in the additive; and I presently 
believe that, although variations are permissible, as will 
appear hereinafter, the proportions of the several ingre 
dients should preferably be on the order of: Category 1, 
25% to 50%; Category 2, 10% to 35%; Category 3, 20% 
to 80%. The expression "a significant proportion is used 
herein to distinguish from trace amounts, and may be 
interpreted to mean "at least about 10% by weight 
The individual substances of Categories 2 and 3 have 

no advantageous effects when used alone or in combina 
tion with each other but, in fact, in some instances pro 
duce deleterious results. Neither do the sorbitans, the sor 
bitols, the ethoxylates thereof, nor the partial fatty acid 
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(sters of glycerol produce any desirable effects when used 
alone; but commercial, water-dispersible lecithins alone 
and lecithin mixed with a substance selected from Cate 
gory 2 or with a substance selected from Category 3 will 
achieve strength enhancement on the order of 50% to 
i 10%. Even in the case of the lecithins, the best overall 
properties-high strength, low shrinkage, and good work 
ability-are obtained only when selected substances from 
each of the three categories are present. 
Many of the ingredients used in these categories are 

i' mmercial products which need explanatory definition. 
Among the ingredients which I have used is lecithin. 

Since the word "lecithin' is used rather loosely in the 
ornmercial field, I wish it to be understood that, in the 
pIesent specification and in the claims appended thereto, 
that term, when used without qualification, is intended to 
include natural lecithins such as admixtures containing 
cephalin or lipositol as well as pure lecithin itself, and the 
so-called water dispersible lecithins commonly sold in com 
merce, which are hydroxylated, maleinated, ethoxylated 
or glycidolated derivitives of natural lecithin mixtures, or 
blends of natural lecithin with small amounts of dispers 
ants. These materials are all usable for the present inven 

| tion, and such commercial lecithins may otherwise be re 
ferred to as partial fatty acid esters of choline glycero 
phosphates, 
Among the ingredients from Category 1 which I have 

used in the tests which are set forth in detail below are: 
Commercial oil-seed lecithin which is obtainable from 

numerous sources on the open market. 
Kelecin 1081, a product sold by the Spencer Kellogg 

jivision of the Textron Corporation, of Buffalo, N.Y., 
and which is a water dispersible lecithin believed to be 
ar; ethoxylated natural lecithin. 
Centromix LP-250, a product sold by the Central Soya 
tympany, of Chicago, Ill., which product is a commercial 

37ater dispersible lecithin. 
Centrolene S, a product sold by the Central Soya Com 

c: ny, of Chicago, Ill., which product is a hydroxylated 
atural lecithin. 
Slycerol monostearate and glycerol monolaurate, which 

are commercially available from the open market in tech 
rical purity grades. 

Atmull 84, a product sold by the Atlas Chemical Indus 
: lies, Inc., Chemical Division, of Wilmington, Del, and 
...hich is a mixture of approximately equal amounts of 
... monoglycerides and the diglycerides of fatty acids from 
Jinmon edible oils. 
Span 20, a product offered for sale by the Atlas Chemi 

i Industries, of Wilmington, Del. (formerly the Atlas 
wder Company) which product is a sorbitan mono 

is fate. 
Span 60, which is a sorbitan monostearate offered by 

: ;& same company. 
Span 80, which is a sorbitan monooleate offered by 

he same company. 
Span 85, which is a sorbitan trioleate offered by the 

sime company. 
-Tweet,80, which is a polyoxyethylene Sorbitan mono ticate offered by the same company. 
"Among the ingredients from eategory 2 which I have 
ised in the tests which are set forth in detail below are: 
Sipon EA, which is a lauryl ethoxylate sulfate am 
ionium salt offered by the Alcolac Chemical Corpora 

::)n, of Baltimore, Md. It is believed to contain C and 
is alkyl groups in minor amount. 

Alfonic 14 12S, which is a lauryl ethoxylate sulfate 
Sodium salt offered by the Continental Oil Company, 
Petrochemical Department, 630 Fifth Ave., New York 
lity. 

Alfonic 1412A, which is a lauryl ethoxylate sulfate 
:::nonium salt offered by the same company and which 
is similar to Sipon EA, though probably differing from 
somewhat in the number of polyoxyethylene groups. 
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sodium salt, offered by the Alcolac Chemical Corpora 
tion. 
The fatty acid or fatty alcohol radicals in the sub 

stances of Categories 1 and 2 may range from 12 to 22 
carbon atoms in the carbon skeleton. 
Among the ingredients from Category 3 which I have 

used in the tests which are set forth in detail below are: 
Lomar D, which is a condensate of naphthalenesulfonic 

acids and formaldehyde, offered by the Nopco Chemical 
Company, Newark, N.J. 

Blancol, which is a sulfonated condensate of formalde 
hyde and naphthalenes, offered by the Antara Chemicals 
Division of General Dyestuff Corporation, New York 
N.Y. 
The testing of concrete with respect to strength can be 

carried out with a variety of types of concrete, but 
usually the basic test itself is the American Society for 
Testing Materials C39 test. I have evaluated my present 
invention largely upon concrete which is a normal con 
struction type, namely a so-called "5 bag mix' with re 
spect to contained cement, and using a crushed rock ag 
gregate, together with a customary concrete sand (i.e., 
a coarse sand). However, such additives were also eval 
uated with high strength mixes, i.e., mixes containing 7 
or 10 bags cement per cubic yard, and showed the same 
beneficial effects as discussed in detail below in a stand 
ard 5 bag mix. The bulk of evaluation for strength has 
therefore been confined to a standard 5 bag mix. On the 
other hand, a few test evaluations in very lean mixes 
so-called 3 bag mixes-showed again that such additives 
function beneficially in very lean mixes. I therefore pre 
sent the standard five bag mix as showing typical ad 
vantages of my present invention. 
The standard test concrete was made in an approxi 

mately one cubic foot charge, in a standard rotating drum 
contractor's concrete mixer of approximately 1.5 cubic 
foot capacity. The ingredients were weighed out on test 
scales, the ratio generally used being 22 lbs. cement, 56 
lbs, sand, and 84 lbs. of crushed limestone of nominal 
%' size. An initial charge of water sufficient to give a 
pasty mix was used, and additional water was added until 
an ASTM slump test of 9' plus or minus one inch was 
obtained. Where an additive was used, the dry additive 
was usually added to the initial charge of water. Therc 
after cement was added, followed by the remaining in 
gredients. The mixer was run for 15 minutes before final 
water adjustment. In certain tests the order of addition 
was varied, with respect to time of addition of additive 
or water, but test results showed little significant variance 
in results; however, the above procedure was used in the 
tests reported herein to minimize variations. As men 
tioned before, a standard slump test and value was used 
to regulate the water content of the mix in order to com 
pare concrete on a basis of practical equal fluidity. It is 
possible further to compare concretes of somewhat differ 
ent slumps by reducing the data through slump-strength 
curves to the basis of exactly equal slump. In view of 
possible errors, the data used here is uncorrected and 
represents actual mixes and slumps obtained in mixes 
made to give as near equal slump as possible. 

It will be apparent that the standard test, which uses 
100 grams of test additive per mix, constitutes the addi 
tion of 1% of additive by weight based on the portland 
cement used. 

In each case, the concrete as mixed was cast into stand 
ard ASTM 6' x 12' compressive strength cylinders. In 
most cases, the remaining concrete was cost into weather 
ing samples (actual blocks used in an experimental re 
taining wall) for long term study as to soundness and 
weathering in practice. The test cylinders were condi 
tioned at 100% humidity and 70 F. till set, and delivered 
to a commercial testing laboratory for conditioning under 
the same conditions for a total of 28 days, after which 
they were subjected to destructive compression tests by 

Siponate SGS, which is a lauroyl monoglyceride sulfate 75 the C39 method. 
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The additive formulations tested were as follows: Additive U-217 
Additive U-211 Percent 

P Span 80-------------------------------------- 35 ercent Sipon EA ------------------------------------ 15 Kelecin 1081 --------------------------------- 20 Lomar D 50 
Lomar P------------------------------------- 80 Villa ------------------------------ 

Additive U-210 Additive B-5 
Keleci Span 60 -------------------------------------- 40 elecin 1081 --------------------------------- 40 Si EA 24 
Lomar D------------------------------------ 60 Pol A ------------------------------------ Lomar D ------------------------------------ 35 

Additive U-209 10 Foam control agent --------------------------- 
Kelecin 1081 --------------------------------- 60 Additive B-1 
Lomar D ------------------------------------ ' Span 60 ------------------------------------- 40 

Additive FS-32 Act 12A a was a man or a mass op was use open a won : 
Olaf ------------------------------------ 

ESA-II commercial foam control agent III. 
Lomar D------------------------------------- 45 Additive A-33 

O. Span 60 ------------------------------------- 40 
Additive C-8 Sulfate of monostearoyl polyglycol 

Commercial soybean lecithin -------------------- 80 20 (laboratory sulfate of Myrj45) ---------------- 25 
Alfonic 1412S --------------- ags will us a sag was a mom a 19 Lomar D -------------------------------- 35 
Commercial foam control agent------------------ 1. Additive A-2 

Atmull 84 ------------------------------------ 35 
Additive C-22 Alfonic 1412A ------------------------------- 15 

Commercial hydroxylated lecithin, Centrolene S ---- 48 25 Lomar D ------------------------------------ 49 
Lomar D------------------------------------- 48 Foan control agent --------------------------- 
Air entrainer --------------------------------- 4. Additive A-6 

Span 80 ------------------------------------- 37 
Additive C-21 Tween 80 ------------------------------------ 24 

Centromix LP 250 ---------------------------- '' Lomar D ------------------------------------ 35 
mar D. ------------------------------------ Foam control agent --------------------------- 4 

Air entrainer --------------------------------- 4. Additive FS-31 
Additive U-177 Kelecin 1081 --------------------------------- 45 

ve Lomar P ------------------------------------ 40 
Commercial oilseed lecithin -------------------- 23 Alfonic 1412s........I.I.I.I. 10 
Alfonic 1412A -------------------------------- 33 Air entrainer --------------------------------- 5 
Lomar D ------------------------------------ 23 Additive FS-28 
Air entrainer --------------------------------- 20 Span 85 30 
Foam control agent -------------------------- 1. 40 Alfonic 1412S -------------------------------- 34 

Additive A-26 Lomar D. --------------------------------- 35 
Span 80 ------------------------------------- 37 Commercial foam control agent ----------------- 
Polyoxyethylene sorbitol monolaurate G1020 ------ 24 Additive FS-60 
Lomar D ------------------------------------ 35 Commercial oil seed lecithin alone 
Commercial foam control agent ---------------- 4. 45 Additive Fs 61 

Additive FS-38 Kelecin 1081 alone. 
Span 80 ------------------------------------- 28 The effects resulting from the use of the above de 
Siponate SGS -------------------------------- 28 fined formulations in tests conducted in accordance with 
Lomar D ------------------------------------ 30 the above explanation are set forth in the following 
Air entrainer --------------------------------- 1450 examples. 

Compressive Percentage 
Additive strength, p.s.l. increase Remarks 

None.----------- 2,420 0 Weathered well. Fat, pasty mix, tendency 
to bleed. 

U-27.---------- 3,410 Al Weathered well. 
FS-61----------- 3,620 50 Harsh mix; settled, 

3,645 50 Eclient workability; not harsh; placed 
3,975 64 Etient workability. 
4,040 67 Medium fat mix; workability about opti 
4,085 69 g'weatherin ; surfaces retained initia 

polish very well. 
4,300 78 Fat, readily workable mix. 
4,330 79 Good workability; thixotropic. 
4,370 81 Fair workability. 
4,510 86 Harsh mix, shovelled easily, good work 

ability; wet shrinkage S. 
4, 510 86 Excellent mix, low wet shrinkage. 4,540 88 Excellentworkability, 
4,720 95 Fair workability; soupy mix. 
5,010 107 Fair workability; weathering. 
5,220 5 Ellent workability; soupy in forms but 

A 28------------------------------------------ Excellent workability. 
A-33 (i) Excellent workability. (1) 

() 32 Soupy, harsh mix, 
- a sm - w w w w m - was or a no wo Fat, thixotropic mix; excellent workability. 

- - - - - - - - -a - - - - - - - - - - - - - a -- - - - - Fat, very workable mix. 

Tested only in laboratory micromix; laboratory evaluation showed excellent strength 
on qualitative basis. 

Control changed inadvertently for C-8 mix so data not comparable for this table. 
Indicated strength increase is over special control for C-8 only, 
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Other additives, consisting of single substances from 
Category 3, single substances from Category 2, Sorbitans 
or sorbitols alone and mixtures of substances from Cate 
gory 2 with substances from Category 3, mixtures of 
sorbitans or glycerides with substances from Category 2, 
and mixtures of sorbitans or glycerides with substances 
from Category 3 have been tested and have been found 
ineffective to produce significant strength enhancement, 
or have actually been detrimental to strength. However, 
as is demonstrated by the above examples, water-dispersi 
ble lecithins alone and lecithins mixed with substances 
from Category 3 alone are quite effective. 

While the proportions of substances selected from the 
three categories may be varied within a fairly wide range, 
as indicated above, it is quite possible by significantly 
exceeding the stated ranges, to destroy the beneficial ef 
fects of an additive. For example, I have found that a 
significant excess of a substance selected from Category 
2 may result in a concrete very rich in voids and with a 
consequent radical reduction in strength. 

It will be noted that many of the indicated examples 
of additives show the presence of air entrainers, foam 
control agents, and the like. Such agents are known in the 
art to be useful in producing a finished concrete, and may 
be used as necessary or desired in concrete containing my 
additives. The presence of these materials is not necessary 
for the present invention as is shown by such examples 
as FS-32, FS-31, and U-210, wherein such materials 
at one time assist and at another hinder maximum 
strength development; they are normally used for other 
purposes notably weathering improvement and plasticiza 
tion. 

Broadly stated, it may be said that my invention resides 
primarily in the discovery of additives of the character 
herein disclosed which produce such significant enhance 
ment of the strength of a given cementitious mixture that, 
despite the need to use relatively large amounts of the 
additive (0.1%-3.0% is the preferred range) with con 
sequent appreciable cost (one-half to several dollars per 
yard of concrete), the resultant strength increase is com 
mercially worth while. As illustrating this, it may be 
pointed out that it is well known in the art that commercial 
additives are largely limited to sugars, hydroxyacids, and 
lignosulfonates because they are very cheap in the low 
concentrations needed for the modest benefits obtained. 
I use relatively expensive amounts of additives, which how 
ever, produce unusually beneficial results. Thus for a cost 
of one or two dollars per cubic yard of concrete in some 
cases, I obtain a compressive strength which cannot readily 
be obtained by adding one or two dollars worth of addi 
tional cement. In fact, comparable results cannot often be 
obtained even with five dollars more worth of cement per 
cubic yard of concrete. Thus it may be said that I have 
broken through a barrier in reaching a level of effective 
ness where one is not competing with the simple addition 
of more cement to a concrete mixture. 
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Similarly, it is well known in standard text books on 
concrete that strengths of 8000 or more p.s. i. can be 
obtained, but only with specially selected aggregates, very 
high cement contents, and very low slumps necessitating 
power compacting. Even to attain 6000 p.s. i. is difficult, 
and it is to be noted that the additives taught herein pro 
duce strengths up to 5220 p.s. i. in lean, "5 bag" mixes, 
with extremely fluid mixtures of 9 inches slump. I have 
also shown that the same additives produce strengths of as 
high as 7315 p.s. i. with slump of 84' when slightly 
richer "7 bag" mixes are used. Comparable strengths with 
comparable slumps are impractical to reach in conven 
tional concretes, as the amount of cement used is so high 
as to occasion unreasonable costs and impractical curing 
shrinkage. 
Another advantage of significance, beyond mere direct 

material cost, lies in the amenability of the present addi 
tives to use as partial replacement for cement, in concrete 
to be placed in inaccessible areas where transportation or 
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8 
logistics costs are high. Thus, in military work, cement 
delivered to a combat theatre is high in cost due to the 
extraordinary means of transportation needed-often on 
human backs or by airplane-and sometimes costly in 
terms of lives as well as money. Its bulk, weight, and 
water susceptibility also increase cost. It is far more prac 
tical and less expensive to transport to a battle Zone five 
bags of cement and five pounds of my additive, than it 
would be to transport the eight bags of cement which 
would be equivalently needed to make one yard of con 
crete of 5000 p.s. i. strength. Similar considerations apply 
to nonmilitary use in distant commercial operations, such 
as polar construction, mountain work, and the like, where 
the delivered cost of a bag of cement can be very high. 

I claim as my invention: 
1. A strengthening additive for cementitious mixtures, 

said additive consisting essentially of a significant propor 
tion of at least one substance selected from each of Groups 
I, II and III, wherein 
Group I consists of 

the partial fatty acid esters of glycerol, 
the partial fatty acid esters of sorbitan and ethoxy 

lates thereof, 
the partial fatty acid esters of sorbitol and ethoxy 

lates thereof, and 
the partial fatty acid esters of choline glycerophos 

phates such as are termedlecithins; 
Group II consists of 

the sulfates of the partial fatty acid esters of poly 
glycols, 

the sulfate salts of the partial fatty acid esters of 
polyglycols, 

the sulfates of the partial fatty alcohol ethers of 
polyglycols, 

the sulfate salts of the partial fatty alcohol ethers 
of polyglycols, 

the sulfates of the partial fatty acid esters of glyc 
erol, and 

the sulfate salts of the partial fatty acid esters of 
glycerol; and 

Group II consists of 
the sulfonated condensation products of formalde 

hyde and a naphthalene and 
the salts of the sulfonated condensation products 

of formaldehyde and a naphthalene, the fatty 
acid or fatty alcohol radicals in the above sub 
stances ranging from about 12 to 22 carbon 
atoms in the carbon skeleton. 

2. A strengthening additive for cementitious mixtures, 
said additive consisting essentially of a significant propor 
tion of at least one substance selected from each of Groups 
I, II and III, wherein 
Group I consists of 

the partial fatty acid esters of choline glycerophos 
phates such as are termed lecithins; 

Group II consists of 
the sulfates of the partial fatty acid esters of poly 

glycols, 
the sulfate salts of the partial fatty acid esters of 

polyglycols, 
the sulfates of the partial fatty alcohol ethers of 

polyglycols, 
the sulfate salts of the partial fatty alcohol ethers 

of polyglycols, 
the sulfates of the partial fatty acid esters of glyc 

erol, and 
the sulfate salts of the partial fatty acid esters of 

glycerol; and 
Group III consists of 

the sulfonated condensation products of formalde 
hyde and a naphthalene and 

the salts of the sulfonated condensation products 
of formaldehyde and a naphthalene, the fatty 
acid or fatty alcohol radicals in the above sub 
stances ranging from about 12 to 22 carbon 
atoms in the carbon skeleton. 

p 1. 
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3. A strengthening additive for cementitious mixtures, 
said additive consisting essentially of a significant propor 
tion of at least one substance selected from each of Groups 
I and II, wherein 
Group I consists of 

the partial fatty acid esters of choline glycerophos 
phates such as are termed lecithins; and 

Group II consists of 
the sulfonated condensation products of formalde 

hyde and a naphthalene and 
the salts of the sulfonated condensation products 

of formaldehyde and a naphthalene, the fatty 
acid or fatty alcohol radicals in the above sub 
stances ranging from about 12 to 22 carbon 
atoms in the carbon skeleton. 

4. A strengthening additive for cementitious mixtures, 
said additive consisting essentially of a significant pro 
portion of at least one substance selected from each of 
Groups I, II and III, wherein 
Group I consists of 

the partial fatty acid esters of sorbitan; 
Group II consists of 

the sulfates of the partial fatty acid esters of poly 
glycols, 

the sulfate salts of the partial fatty acid esters of 
polyglycols, 

the sulfates of the partial fatty alcohol ethers of 
polyglycols, 

the sulfate salts of the partial fatty alcohol ethers 
of polyglycols, 

the sulfates of the partial fatty acid esters of glyc 
erol, and 

the sulfate salts of the partial fatty acid esters 
of glycerol; and 

Group III consists of 
the sulfonated condensation products of formalde 

hyde and a naphthalene and 
the salts of the sulfonated condensation products 
of formaldehyde and a naphthalene, the fatty 
acid or fatty alcohol radicals in the above sub 
stances ranging from about 12 to 22 carbon 
atoms in the carbon skeleton. 

5. A strengthening additive for cementitious mixtures, 
said additive consisting essentially of a significant propor 
tion of at least one substance selected from each of Groups 
I, II and III wherein 
Group I consists of 

the partial fatty acid esters of sorbitan; 
Group II consists of 

the ethoxylates of the partial fatty acid esters of 
sorbitan and 

the ethoxylates of the partial fatty acid esters of 
sorbitol; and 

Group III consists of 
the sulfonated condensation products of formalde 
hyde and a naphthalene and 

the salts of the sulfonated condensation products 
of formaldehyde and a naphthalene, the fatty 
acid or fatty alcohol radicals in the above sub 
stances ranging from about 12 to 22 carbon 
atoms in the carbon skeleton. 

6. A strengthening additive for cementitious mixtures, 
said additive consisting essentially of a significant propor 
tion of at least one substance selected from each of 
Groups I, II and III, wherein 
Group I consists of the partial fatty acid esters of glyc 

erol; 
Group II consists of 

the sulfates of the partial fatty acid esters of poly 
glycols, 

the sulfate salts of the partial fatty acid esters of 
polyglycols, 

the sulfates of the partial fatty alcohol ethers of 
polyglycols, 
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10 
the sulfate salts of the partial fatty alcohol ethers 

of polyglycols, 
the sulfates of the partial fatty acid esters of glyc 

erol, and 
the sulfate satls of the partial fatty acid esters of 

glycerol; and 
Group III consists of 

the sulfonated condensation products of formalde 
hyde and a naphthalene and 

the salts of the sulfonated condensation products 
of formaldehyde and a naphthalene, the fatty 
acid or fatty alcohol radicals in the above sub 
stances ranging from about 12 to 22 carbon 
atoms in the carbon skeleton. 

7. The additive of claim 1 in which the Group I sub 
stance constitutes from 25% to 50% of the total mass of 
the additive, the Group II substance constitutes from 10% 
to 35% and the Group III substance constitutes from 
20% to 80%. 

8. The additive of claim 2 in which the Group I sub 
stance constitutes from 20% to 30% of the total mass 
of additive, the Group II substance constitutes from 10% 
to 35% and the Group III substance constitutes from 20% 
to 60%. 

9. The additive of claim 3 in which the Group I sub 
stance constitutes from 20% to 80% of the total mass of 
additive and the Group II substance constitutes from 20% 
to 80%. 

10. The additive of claim 4 in which the Group I sub 
stance constitutes from 25% to 40% of the total mass of 
additive, the Group II substance constitutes from 15% to 
30% and the Group III substance constitutes from 30% 
to 50%. 

11. A concrete mixture comprising by weight 100 parts 
portland cement, 20–70 parts water, 0-900 parts of a 
suitable aggregate, and 0.1 to 3.0 parts of an additive as 
defined in claim 1. 

12. A concrete mixture comprising by weight 100 parts 
portland cement, 20-70 parts water, 0-900 parts of a 
suitable aggregate, and 0.1 to 3.0 parts of an additive as 
defined in claim 2. 

13. A concrete mixture comprising by weight 100 parts 
portland cement, 20-70 parts water, 0-900 parts of a 
suitable aggregate, and 0.1 to 3.0 parts of an additive as 
defined in claim 3. 

14. A concrete mixture comprising by weight 100 parts 
portland cement, 20-70 parts water, 0-900 parts of a 
suitable aggregate, and 0.1 to 3.0 parts of an additive as 
defined in claim 4. 

15. A concrete mixture comprising by weight 100 parts 
portland cement, 20-70 parts water, 0-900 parts of a suit 
able aggregate, and 0.1 to 3.0 parts of an additive as defined 
in claim 5. 

16. A concrete mixture comprising by weight 100 parts 
portland cement, 20-70 parts water, 0-900 parts of a suit 
able aggregate, and 0.1 to 3.0 parts of an additive as de 
fined in claim 6. 
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