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Abstract

The elaboration presents a method of testing the foam index and the associated research problems. Current issues
concerning the impact selection of materials on the obtained results were broached. Tests of the foam index conducted in-
house were described and results were analyzed. An assessment was made on the basis of the results and the usefulness of
the method in terms of testing the compatibility of cement — superplasticizer — aerating admixture system was determined.
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1. Introduction

A commonly used method of protection of concrete
against frost is its proper aeration. Still, it is a
problematic issue due to the fact that it is a complicated
process, influenced by many factors. Moreover,
intensive development of construction chemistry can
be observed. It is a strongly positive phenomenon but
another problem results from it: compatibility of the
cement — superplasticizer — aeration admixture system.
To check the correlation between these materials, it is
best to use a quick, simple testing method requiring
minimum financing. Testing of the foam index is
undoubtedly such a method.

2. Testing of foam index - course of the test

This test is not normalized. Therefore, various
testing procedures are presented in literature [1-3].

In accordance with the description contained in
[1], the test should be performed on a small sample
of grout; one should use 10 g of cement and 25 ml
of distilled water. These two ingredients should be
mixed — by shaking the buret for 60 s. The next step
is adding 2 drops of 10% aerating admixture water
solution. While dosing the admixture, one should
shake the container for 15 s each time. Observation of
the obtained foam is conducted. The test ends when
the obtained foam is stable and it floats on the surface

of the sample for a min. of 45 s. A summary volume
of the 10% aerating admixture water solution added
during the test should be assumed as the result.

3. Description of the in-house tests

For the in-house tests, three types of cements
meeting the requirements according to the standard [4]
were applied: CEM 142.5 R cement from two different
cement factories: (A and B mark) and CEM III/A 42.5
(sample mark C). Water meeting the requirements
contained in the standard [5] but with various hardness
presented in French degrees [°fH] was used; soft - 6°fH,
medium-hard — 17°fH, hard 29°fH. The samples were
marked with water hardness symbol in French degrees,
respectively - 6, 17 and 29. The admixtures with various
chemical bases, meeting the requirements contained
in the standard [6] were used: two superplasticizers
(with a various level of dosing presented in table 1) —
lignosulfonate base — L mark and acrylate base — label
A. An aerating admixture with a natural base was used
as an aerating agent.

The combinations and samples markings created
in this way are presented in Table 1. The tests
were conducted in stable temperature conditions,
maintaining the same procedures during the dosing
of ingredients and mixing.
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Table 1. Material combinations and sample markings
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The test method presented in [ 1] was adopted for the
tests. After mixing the cement in the amount of 10 g
with water in the amount of 25 g, the sample was
shaken for 60 s. To some samples, a plasticizer in the
amount of 1 or 2 drops was added, and then it was
shaken for 30 s. As the last ingredient, to each sample,
the 10% aerating admixture solution was dosed. After
each 2 drops of the aerating admixture, the container
with the sample was closed and it was shaken for 15 s.
This step had been repeated until the stable foam was
produced. According to the literature, a stable foam
is a foam which maintains for 45 s [1-3]. Due to the
fact that the “stable foam” significantly varied from
each other in macroscopic assessment in individual
samples (Fig. 1), in addition, as a final result it was
assumed that the produced foam should cover the
entire surface of the container.

Fig. 1. Stable foam on the surface of cement grout
samples, with various superplasticizers

To eliminate the impact of human factor on the
structure of the obtained foam, for the purpose of
tests using the foam index method, a special device
for mechanical shaking of the samples was prepared
(Fig. 2).
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Fig. 2. Device for mechanical mixing of samples during
testing of grouts using the foam index method

4, Study result

According to the literature [1-3], the test of foam
index is used for determination of the effectiveness
of aerating admixtures with various material systems.
The test result is the summary volume of the 10%
aerating admixture water solution added during the
test. The amounts of aerating admixture in [%] in
relation to the cement weight necessary for producing
a stable foam are presented in Figure 3. The smallest
demand for aerating admixture was shown by samples
without the addition of superplasticizer.

Fig. 3. The amount of aerating admixture, necessary for
producing a stable foam

The impact of the presence of superplasticizers
on the amount of aerating admixture that has to be
added to produce a stable foam on the surface of the
container with the sample is presented in Figures 4
and 5. Samples with addition of superplasticizer
where lignosulfonate forms the base clearly
demonstrate that with the increase of the amount of
superplasticizer the difficulties with obtaining the
aeration arise [7, 8] (Fig. 4). Samples with addition
of superplasticizer, in which acrylates are a base,
showed significantly smaller demand for the amount
of the aerating admixture (Fig. 5).
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Fig. 4. The impact of the superplasticizer (lignosulfonate
base) on the amount of aerating admixture necessary for
producing a stable foam

Fig. 5. The impact of the superplasticizer (acrylate
base) on the amount of aerating admixture necessary for
producing a stable foam

Due to the clear differences in macroscopic
assessment of the obtained samples, apart from
the presented test result, additional, more accurate
analyses were conducted. A clear diversity of the
height of the obtained foam is worth noting, as well as
the occurring sedimentation of ingredients. When this
process was ceasing (after 30 minutes form mixing of
the sample), a reading of the grout — water — foam
height was made with a specially prepared scale (Fig.
6 and 8).

Fig. 6. The height of the grout — water — foam, after 30
minutes from the last mixing of the sample

It is worth noting that the water used had an impact
on test results, in varying degrees, depending on the
type of cement, addition of superplasticizer, type of
superplasticizer. A dependence between the amount
of aerating admixture, which had to be added to the

sample to obtain a stable foam, and water hardness
for all three cements is presented in Figure 7.

Fig. 7. Impact of water hardness on the amount of
aerating admixture

Apart from the impact of water on the amount
of aerating admixture, another important aspect
is causing a differentiation in the structure of the
produced foam (Fig. 8). Clear differences in the size
and structure of bubbles can be seen. In some samples
the bubbles were fine with a similar size, in others,
bubbles from very fine to very large can be found.

Fig. 8. Examples of samples varied in terms of water
source: containers on the left side — sample with water
with a hardness of 6°fH, on the right — sample with the

same combination of type of cement, superplasticizer and
aerating admixture but with water with a hardness of 29°fH

5. Conclusions

The conducted tests have shown that each admixture
added even in the small amount may have a significant
impact on the results.

To check the compatibility of the cement —
aerating admixture, or cement — aerating admixture
— superplasticizer system, it is worth to use the foam
index method at the initial stage. The conducted tests
confirmed the usefulness of this method, they allowed
to obtain a knowledge on which materials should
be mixed together and which combinations are not
recommended. The test of foam index takes a very
short time and samples are small, therefore one can
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quickly conduct the repetitions of a given ingredients
combination.

A Dbeneficial solution is to mechanize mixing
samples so as to reduce the number of mistakes and
increase the repeatability of test results.

It should not be forgotten that this is a qualitative
test [1] therefore, in the end it should be supplemented
by more accurate methods. Testing concrete
mixtures with an Air Cavity Analyser (AVA) is the
recommended method here.
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Wykorzystanie metody wskaznika piany w zaczynach
cementowych do badania kompatybilnosci
uktadu cement - superplastyfikator - domieszka
napowietrzajaca

1. Wprowadzenie

Powszechnie stosowang ochrong betonu przed
dziataniem mrozu jest jego odpowiednie napowie-
trzenie. Poniewaz jest to skomplikowany proces, na
ktory wptywa wiele czynnikow, wciaz jest to zagad-
nienie problematyczne. Dodatkowo zaobserwowac
mozna intensywny rozwoj chemii budowlanej. Jest
to zjawisko zdecydowanie pozytywne, lecz wynika
z niego kolejny problem: kompatybilnos¢ uktadu
cement — superplastyfikator — domieszka napowie-
trzajgca. Aby sprawdzi¢ korelacje migdzy tymi ma-
teriatami najlepiej jest zastosowaé metod¢ badan
szybka, prosta, wymagajaca minimalnych naktadow
finansowych. Niewatpliwie jest nig badanie wskaz-
nika piany.
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2. Badanie wskaznika piany - przebieg badania

Badanie to nie jest znormalizowane. Dlatego w litera-
turze przedstawione sg rézne procedury badawcze [1-3].

Zgodnie z opisem zawartym w [ 1] badanie przeprowa-
dza si¢ na matej probce zaczynu: 10 g cementu i 25 ml
wody destylowanej. Te dwa skladniki taczy sie, wstrza-
sajagc menzurke przez 60 s. Kolejng czynnoscia jest do-
dawanie po 2 krople 10% wodnego roztworu domieszki
napowietrzajacej. Podczas dozowania domieszki, po-
jemnik nalezy za kazdym razem wstrzasa¢ przez 15 s.
Prowadzi si¢ obserwacj¢ uzyskanej piany. Badanie kon-
czy sie, gdy uzyskana piana jest stabilna i utrzymuje si¢
na powierzchni probki przez minimum 45 s. Za wynik
przyjmuje si¢ sumaryczng objetos¢ 10% roztworu do-
mieszki napowietrzajacej dodanej podczas proby.
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3. Opis badain wtasnych

W badaniach wilasnych zastosowano trzy rodzaje
cementoéw spetniajacych wymagania zgodne z norma
[4]: cement CEM I 42,5 R z dwdch roznych cemen-
towni (oznaczenie A i B) oraz CEM III/A 42,5 (ozna-
czenie probki C). Zastosowano wode spetniajaca
wymogi zawarte w normie [5], ale o zr6znicowanej
twardosci przedstawionej w stopniach francuskich
[°*fH]: miekka — 6°fH, sredniotwarda — 17°fH, twarda
29°fH. Probki oznaczono symbolem twardosci wody
w stopniach francuskich odpowiednio — 6, 17 oraz 29.
Zastosowano domieszki o roznych bazach chemicz-
nych, spetniajace wymogi zawarte w normie [6]; dwa
superplastyfikatory (o réoznym poziomie dozowania
przedstawionym w tabeli 1) — baza lignosulfonian —
oznaczenie L oraz baza akrylan — oznaczenie A. Jako
srodek napowietrzajacy zastosowano domieszke na-
powietrzajaca o bazie naturalne;.

Powstate w ten sposob kombinacje oraz oznacze-
nia probek przedstawiono w tabeli 1. Badania prze-
prowadzono w stalych warunkach temperaturowych,
z zachowaniem tych samych procedur podczas dozo-
wania sktadnikéw oraz mieszania.

Do badan zaadaptowano metode badawczg przed-
stawiong w [1]. Po zmieszaniu cementu w ilosci 10 g
oraz wody w ilo$ci 25 g probke wstrzasano przez 60 s.
Do czesci probek dodano plastyfikator w ilosci 1 lub
2 kropli, po czym wstrzasano przez 30 s. Jako ostatni
sktadnik do wszystkich probek dozowano dziesigcio-
procentowy roztwor domieszki napowietrzajacej. Po
kazdych 2 kroplach domieszki napowietrzajacej po-
jemnik zprobka zamykano i wstrzagsanonimprzez 15s.
Czynno$¢ te¢ powtarzano do momentu wytworzenia
stabilnej piany. Wedlug literatury stabilna piana to
taka, ktora utrzymuje si¢ przez 45 s [1-3]. W zwiazku
z tym, ze ,,stabilna piana” bardzo wyraznie r6znita si¢
migdzy soba w ocenie makroskopowej w poszczego6l-
nych probkach (rys. 1), dodatkowo za wynik konco-
wy przyjeto, ze powstata piana ma zajmowac cata
powierzchni¢ pojemnika.

Aby wyeliminowa¢ wptyw czynnika ludzkiego na
strukture uzyskanej piany, na potrzeby badan meto-
da wskaznika piany, zostato przygotowane specjal-
ne urzadzenie do mechanicznego wstrzasania pro-
bek (rys. 2).

4. Wyniki badan

Zgodnie z literaturg [ 1-3], badanie wskaznika piany
wykorzystuje si¢ do okreslania efektywnosci dziata-
nia domieszek napowietrzajacych, przy zréznicowa-
nych uktadach materiatowych. Wynik badania stano-

wi sumaryczng objetos¢ 10% roztworu domieszki na-
powietrzajacej dodanej podczas proby. Na rysunku 3
przedstawiono ilo$¢ domieszki napowietrzajacej
w procentach w stosunku do masy cementu, niezbed-
nej do wytworzenia stabilnej piany. Najmniejsze za-
potrzebowanie na domieszke napowietrzajacg wyka-
zaty probki bez dodatku superplastyfikatora.

Na rysunkach 4 i 5 przedstawiono wptyw obecno-
$ci superplastyfikatorow na ilo§¢ domieszki napowie-
trzajacej, jaka trzeba doda¢, aby na powierzchni po-
jemnika z probka wytworzy¢ stabilng piang. Dla pro-
bek z dodatkiem superplastyfikatora, gdzie bazg jest
lignosulfonian, wyraznie wida¢, ze wraz ze wzrostem
ilosci superplastyfikatora pojawiajg si¢ trudnosci
z uzyskaniem napowietrzenia [7, 8] (rys. 4). Znacznie
mniejsze zapotrzebowanie na ilo§¢ domieszki napo-
wietrzajacej wykazaly probki z dodatkiem superpla-
styfikatora, ktérego bazg sg akrylany (rys. 5).

W zwigzku z wyraznymi réznicami w ocenie ma-
kroskopowej uzyskanych prébek, oprocz przedsta-
wionego wyniku badania, przeprowadzono dodat-
kowe, dokladniejsze analizy. Na uwage zastuguje
wyrazne zréznicowanie wysokosci uzyskanej piany,
a takze wystepujaca sedymentacja sktadnikéw. Gdy
proces ten ustawatl (po 30 minutach od wymieszania
probki), specjalnie przygotowang podziatka dokony-
wano odczytu wysokosci zaczynu — wody — piany
(rys. 61 8).

Na uwage zastuguje fakt, ze réwniez uzyta woda
miata wptyw na wyniki badan, w réznym stopniu,
w zalezno$ci od rodzaju cementu, dodatku superpla-
styfikatora, rodzaju superplastyfikatora. Na rysunku
7 przedstawiono zaleznos$¢ ilosci domieszki napowie-
trzajacej, jaka nalezato doda¢ do probki, aby uzyskac
stabilng piane, od twardosci wody, dla wszystkich
trzech cementow.

Oprocz wpltywu wody na ilo§¢ domieszki napowie-
trzajacej innym istotnym aspektem jest spowodowa-
nie zréznicowania w strukturze wytworzonej piany
(rys. 8). Wida¢ wyrazne roéznice w wielkosci i budo-
wie pecherzykow. Dla czgsci probek pecherzyki byty
drobne i o zblizonej wielkosci, w innych mozna spo-
tka¢ od bardzo drobnych po bardzo duze pecherzyki.

5. Wnioski

Przeprowadzone badania wykazaty, ze kazda do-
mieszka, dodana nawet w niewielkiej ilosci, moze
istotnie wptywac¢ na wyniki.

Aby sprawdzi¢ kompatybilnos¢ uktadu cement —
domieszka napowietrzajaca lub cement — domieszka
napowietrzajaca — superplastyfikator warto we wstep-
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nym etapie wykorzysta¢ metode wskaznika piany.
Przeprowadzone badania potwierdzity przydatnos$c
tej metody, pozwolity na uzyskanie wiedzy, ktoére
materiaty nalezy ze sobg laczy¢, a ktére kombinacje
sg niezalecane. Samo badanie wskaznika piany trwa
bardzo krétko, a probki sa niewielkie, w zwigzku
z tym mozna szybko przeprowadzi¢ powtdrzenia da-
nej kombinacji sktadnikow.

Korzystnym rozwigzaniem jest zmechanizowanie
mieszania probek, tak aby zmniejszy¢ ilos¢ bledow
1 zwigkszy¢ powtarzalnos¢ wynikow badan.

Nie nalezy zapominaé, ze jest to badanie jakoscio-
we [1], w zwiazku z tym ostatecznie powinno by¢
uzupehlnione o metody doktadniejsze. Tu zalecang
metoda jest badanie mieszanek betonowych analiza-
torem pustek powietrznych AVA.
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