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Abstract. The properties of a concrete mix should secure the self-elimination of needless air bubbles from its volume.
What is interesting, these properties are not taken into consideration in commonly used self-compacting tests. On the basis
of different tests concerning self-compacting concrete mixes, it has been discovered that too high air content in their vol-
ume was a result of a superplasticiser, in spite of meeting the self-compactibility criteria. To decrease too high air volume
in SCC, the use of an anti-foaming admixture (AFA) is proposed by the authors. Because of an AFA introduced into a
self-compacting mix, air-content in this mix is decreased, mix flow diameter is increased and flow time is decreased. In
case of a mix incorporating an AFA, its high flowability does not cause segregation of the mix, which is possible in case
of SCC incorporating only a superplasticiser. However, time of introduction of an AFA is essential to get higher flowabil-
ity degree, but is not important in achieving low air volume in SCC. Moreover, the workability of a self-compacting mix
with an AFA keeps the same level for a longer period of time.

Keywords: anti-foaming admixture (AFA), decreasing the air-volume, self-compacting concrete (SCC), superplasticiser,

rheological properties, workability loss.

1. Introduction

The properties of a concrete mix should secure the self-
elimination of needless air bubbles, assuming that the mix
is self-compacting. These properties depend on the size of
rheological parameters: yield stress and plastic viscosity of
cement paste (Szwabowski 1999). Because availability of
the direct measurement of rheological properties is limited,
technological tests are used in building practice, assessing
the self-compactibility of a concrete mix (SCC), such as a
flow test (Tables 1 and 2). The value of SCC flow diameter
depends on the mix yield stress 7, whereas SCC time
flow depends on its plastic viscosity 77, The diameter and
time flow of SCC should correspond to the classes present-
ed in Tables 1 and 2. In the European guidelines for self-
compacting concrete (European Project Group 2005), de-
tailed outlines in respect to SCC classes and other technical
tests of a self-compacting concrete mix depending on its
purpose are given.

On the basis of the results of various tests it was
stated that in numerous cases a problem of excessive air-
entrainment of a concrete mix appears (Szwabowski,
Lazniewska-Piekarczyk 2008, 2009), despite the fact that
a fresh mix has achieved recommended flow in suitable
time according to European Project Group (2005) (Ta-
bles 1 and 2). The tests of porosity characteristics of con-
crete proved that excessive air-entrainment of a mix in-
fluences air-entrainment of concrete (during the process
of concrete hardening, formed pores are not filled with
hydration products, because C-S-H gel may form only in

Table 1. Slump-Flow classes (European Project Group 2005)

Class [mm]

SF1 from 550 to 650
SF2 from 660 to 750
SF3 from 760 to 850

Table 2. Viscosity classes (European Project Group 2005)

S
Class 5]

T's00 V-funnel
VS1/VFI <2 <8
VS2/VF2 >2 from 9 to 25

water) (Kucharska 2000; Kurdowski 2003; Szwabowski,
Lazniewska-Piekarczyk 2008).

Different test results (presented in Table 3) (Rama-
chandran 1995; Mosquet 2003; Szwabowski, tL.azniew-
ska-Piekarczyk 2008), prove that new generations of
superplasticisers (SP) show air-entrainment effect. It
should be emphasised that according to standard require-
ments concerning chemical additives of concrete, SP
should not cause air formation in a mix higher than 2%
(compared to a mix that is made of the same components
but without SP).

One of the reasons for the PCP air-entrained super-
plasticiser effect is its influence on the decrease of sur-
face tension of liquid phase in paste, as it was proved by
other tests (Lazniewska-Piekarczyk 2008c).
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Table 3. The influence of a superplasticiser on mix air-
entrainment (Mosquet 2003)

New Generation
SP type LS | SNF | SMF | Superplasticisers
PCP AAP
Air-content ++ + 0 ++ ++

Here: LS — lignosulfian; SNF — sulfonated Naphtalene Formal-
dehyde Condensate; SMF — Sulfonated Melanine Formaldehyde
Condensate; PCP — PolyCarboxylate Polyoxyethylene, 44P —
Amino Phosphonate Polyoxyethylene; ++ means high influence,
+ means medium influence, 0 means no influence.

Table 4. Test results of rheological properties of concrete mix
with the use of Abrams cone (Gorzelanczyk 2007)

. SP Slump-
Symbol Btlnd:r based wib T[js"]”’ Flow,
yp on: [mm]
e [ e
B 142.5, 45 .
C fly ash PCP 0.34 4.9 690
D 0.45 4.1 710

Here: PCE — polycarboxylic ether; PCP — polycarboxylate.

Table 5. Concrete air void parameters investigated according to
EN 480-11 (Gorzelanczyk 2007)

Series

Porosity structure parameter
B C D

air-content, 4 [%] 6.7 830 | 290 | 4.45

content of micropores below

0.3 mm, 4300 [%] 1.50 | 2.96 | 0.70 | 1.74

spacing factor, L [mm)] 0.26 | 0.11 | 0.33 | 0.13

specific surface, o [mm ] 17 36 21 45

On the basis of the tests (Lazniewska-Piekarczyk
2008b) and the results shown in Gorzelanczyk (2007), we
can conclude that an ether-based and poly-carboxyl su-
perplasticiser has influence on SCC porosity structure.
The test results of 4 to D fresh mix properties are pre-
sented in Table 4, whereas in Table 5 test results of po-
rosity characteristics of hardened concrete are shown.

The tests results presented in Table 5 prove that su-
perplasticisers based on poly-carboxyl ether cause con-
siderable SCC air-entrainment. Air-entrainment of con-
crete is higher in case of higher w/c value and amounts to
even 8.30%. It should be emphasised that the mix
achieved relatively high flow, which is 660 mm (which
corresponds to class SF2, Table 1). Despite this fact, no
suitable self-compactibility took place (self-elimination
of air bubbles). Air-entrainment of a fresh mix was prob-
ably higher than 8.3%, because air content marked in
hardened concrete is approximately by 1% to 2% lower
than that found in the mix. The reason for the excessive
air-entrainment of a fresh mix is probably the influence of
the mechanism of working and structure of a superplasti-
ciser on the formation and behaviour of air bubbles in its
volume (Lazniewska-Piekarczyk 2008c). Incase of a

poly-carboxyl superplasticiser, air content was lower and
amounted to 4.45% with w/c = 0.45. Test results concern-
ing the effects of a polycarboxyl superplasticiser comply
with other test results published in Szwabowski and
Lazniewska-Piekarczyk (2008). Excessive air content
appeared although the fresh mix achieved even 710 mm
flow. A well-founded question is formed concerning the
effectiveness of commonly used tests aiming at qualify-
ing the mix as self-compacting (Szwabowski, Lazniew-
ska-Piekarczyk 2009) in case of a superplasticiser show-
ing the air-entraining effect.

2. Negative effects of excessive air-entrainment in case
of a self-compacting mix and concrete

Air-entrainment of a fresh mix may decrease its flow
depending on the degree of initial fluidity, — as a result of
internal compression of air bubbles and lower density of
the fresh mix. Air-entrainment may also initially increase
the flow when the fresh mix is originally characterised by
originally low fluidity (Neville 2000; *%azniewska-
Piekarczyk 2008a). However, other amounts of an air-
entrained admixture cause the decrease of the diameter of
the flow in a fresh mix (Lazniewska 2007).

Sizes of pores formed as an effect of a superplasti-
ciser in hardened concrete are characterised by too big
sizes (Figs 1-4). Mostly, they are air voids with 1 mm
diameter (Figs 1 and 2). They are the reason of the de-
crease of concrete mechanical parameters and are not
beneficial to its frost resistance (Table 6) from the point
of view of its absorptivity (Szwabowski, Lazniewska-
Piekarczyk 2008).

30 T i
E===d Air content

25 T
—u— Accumulated air content -+

20 T

|
T
N W RN OO N

Air content [%]
o

Accumulated air content [%]

Fig. 1. Air void content according to its size in non air-entrained
SCC investigated according to EN 480-11 (2006) (CEM 1 32.5
R + 10% silica fume; w/b = 0.41) (Szwabowski, Lazniewska-
Piekarczyk 2008)

Table 6. The values of non entrained concrete porosity structure

parameters (Szwabowski, tazniewska-Piekarczyk
2008)

. E, o, A, A3zo0, Afem”,
NS | m | ey | 60 | el | )
SCC-A 0.13 36.14 7.19 2.1 14
SCC-B 0.22 25.47 4.86 1.74 21

* after 300 freezing-thawing cycles
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Fig. 2. Air void content according to its size in non air-entrained
SCC investigated according to EN 480-11 (2006) (CEM II 32.5
R B-S; w/b=0.29) (Szwabowski, Lazniewska-Piekarczyk 2008)

Fig. 3. Air void in non air-entrained SCC, w/b = 0.40. Scale on
the figure means 0.5 mm (Szwabowski, L.azniewska-Piekarczyk
2008)

Fig. 4. Air void in non air-entrained SCC, w/b = 0.35. Scale on
the figure means 0.5 mm (Szwabowski, Lazniewska-Piekarczyk
2008)

In order to protect concrete from the effects of cy-
clic freezing and thawing it is beneficial when the bub-
bles are characterised by diameters of 0.05 to 0.10 mm
and are in the paste volume in the range of 0.15 to
0.20 mm from each other (Fagerlund 1999). However the
problem of the critical value of pores range in frost re-
sistant concrete, depending on its type, has not been
solved (Szwabowski, Lazniewska-Piekarczyk 2008,
2009). The SCC porosity structure formed as a result of
superplasticisers functioning, showing air-entraining
activity, can be characterised by adequate parameter val-
ues on condition that the level of fluidity of a mixture is
not too high.

Analysing the results of other tests shown in
Szwabowski and Lazniewska-Piekarczyk (2008), it has
been proved that 4% of air-entrainment (being the result
of a superplasticiser) cause the resistance decreases down
to 24% when SCC concrete with ratio w/c = 0.4 with zero
air volume is taken into consideration.

Taking into account the above mentioned test results
it may be stated that certain superplasticisers of new gen-
eration cause excessive air-entrainment which remains in
the self-compacting volume of a fresh mix and concrete,
causing deterioration of their properties, although the mix
meets commonly accepted criteria of technical tests (Ta-
bles 1 and 2). Desired suitable fluidity of a fresh mix,
essential for its efficient self-compacting, is not included
in any commonly used technical tests. Commonly accept-
ed criteria for such tests are insufficient in this scope and
do not guarantee effective self-compacting. It can be
obtained by increasing fluidity of a fresh mix with a su-
perplasticiser, however, it may cause its segregation. Due
to this fact, in order to prevent the presence of excessive
air-entrainment, superplasticisers should not only be
compatible with cement, but also should not create air-
entraining effect in paste.

To eliminate too high air content in a fresh self-
compacting mix, anti-foaming admixtures (AFA) may be
used. Unfortunately, AFAs are not commonly used in self-
compacting concrete. However, the mechanism of func-
tioning of anti-foaming admixture is known. It may be
explained in the following way. The active components are
distributed around gas bubbles, displacing surfactant mole-
cules. As a result, the thickness of the lamella wall built
from surfactant causes its destabilisation and results in the
fracture or coalescence of the bubble (Fig. 5).

AFA
Air bubble 4 J—/ift force

© Ao

)
\_Y_J

@ Coalescence
» ]
§ AFA

Fig. 5. Stages of the mechanism of action of an anti-foaming
admixture (Lazniewska-Piekarczyk 2008c¢)

Authors’ research results (Fig. 6) show that the ef-
fectiveness in decreasing air content in cement paste of
anti-foaming admixtures does not consist in increasing
the value of surface tension of its liquid phase. The sur-
face tension of water solution of an anti-foaming admix-
ture, a superplasticiser and an anti-foaming admixture are
characterised by even smaller value than the surface ten-
sion of water solution of air-entraining superplasticiser
(Fig. 6).

Because of the fact that AFAs are not commonly
used in self-compacting concrete, to identify the wider
unknown influence of anti-foaming admixtures on air-
entrainment of a self-compacting mix and its properties,
suitable authors’ tests were carried out.
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Fig. 6. The influence of a type of admixture on the surface
tension of water; SP based on polycarboxylate (PCP); and AFA
based on polyalcohol (Lazniewska-Piekarczyk 2008c)

3. Methodology of the research

The mix proportions of the tested self-compacting con-
cretes are shown in Table 7 and Fig. 7. The characteris-
tics of SCC ingredients are given in Tables 8 and 9.

The process of mixing started with dry components
(about 0.5 min). Then water was added where superplas-
ticiser was earlier distributed At the end of the process of
mixing, an anti-foaming admixture was added (in case of
one series such admixture was introduced after 20
minutes, Table 7), and all ingredients were mixed for
another 6 minutes in case of ordinary concrete.

After 20 and 60 minutes, the fresh mix was subject-
ed to another short mixing and then rheological meas-
urements were carried out and the air content in the fresh

Table 7. The mix composition of self-compacting mixes,
w'/b =0.41 (M1-Mla); w'/b = 0.42 (M1bt)

CEM 11/ Sand aggggeallzs

. SP |AFA
. B-S [kg/m’]
Series 32,5R
0-2 | 2-4 | -8 | 8-16

% m.C.
[ke/m’] [mm] [Yom.C.]
Ml 0.00
Mla 541 890 | 200 | 228 | 256 |0.77 | 2.02
Mlbt* 2.02

water + liquid chase of admixture; * AFA added after 20 min.

= 100 =
2 & }3/" 85
2 60 60

8 0 A7

2 A3

E 20

2 oel "

3 0 0125 025 05 1 2 4 8 16

[mm]

Fig. 7. Curve of aggregate grading

Table 8. Chemical characteristics of CEM II/ B-S 32,5 R

Cement components [%]
N Specific surface
. o < | o 8 m/k
SlelS|218]9 s [m/kg]
» | o | < | 2| =]z |®
2471567 63 | 23|29 (0.70| 3.2 325
Table 9. Characteristics of admixtures
. . Density, Concentra-
Admixure type | Admixture base [e/em’] tion, [%]
Superpasticiser Polycarboxylate 1.09 34
perp (PCP) :
Anti-foaming Polyalcohol 1.05 30
admixture

mix was checked. After filling up the container, the fresh
mix was kept for 10 minutes. The air content was defined
after proceedings described after EN 12350-7 (2009), mix
density after EN 12350-6 (2006), whereas the flow and
its time after ASTM C143 (2010).

4. Results and discussion

Research results presented in Fig. 8 show the effective-
ness of anti-foaming admixture in decreasing air content
in a fresh mix. Self-compacting of the mix is faster and
easier.

@ SCC without AFA

@ SCC with AFA

. SCC with AFA added
after 20 min

air content in SCC [%)]
w

Fig. 8. The influence of AFA on air-content in SCC

The results prove that the time of introduction of an-
ti-foaming admixture is not essential for the effectiveness
of this admixture in decreasing the air-entrainment of the
mix (Fig. 8). This conclusion is very important because
anti-foaming admixtures may be used (with the same
results) in order to:

— prevent the occurrence of excessive air-entrain-
ment of a mix (introducing anti-foaming admix-
ture with air-entrained superplasticiser);

— decrease already existing air content (caused by
air-entrained superplasticiser) in a fresh mix.

Additional advantage that was achieved due to the
use of anti-foaming admixtures, was high increase of
fresh mix diameter flow (Fig. 9), and, what was essential,
in considerably shorter time (Fig. 10). Using an AFA
causes the increase of slump-flow classes (Fig. 10).

In Figs 9 and 10 test results on technology of prepara-
tion of a fresh mix containing an anti-foaming admixture
are also shown. In one case, the admixture was introduced
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Fig. 9. The influence of AFA and the time of its introduction on
flow time of SCC. Symbols VS1 and VS2 represent viscosity
classes according to Table 2
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g 70
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8 68 B SCC without AFA
w
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Fig. 10. The influence of AFA and the time of its introduction
on flow diameter of SCC. Symbols SF 1 and SF2 represent
slump-flow classes according to Table 1

immediately after a superplasticiser, in another one, 20
minutes after starting the process of mixing and introduc-
tion of a superplasticiser to the mix volume. The test re-
sults presented in Fig. 9 show that the time of introduction
of an anti-foaming admixture significantly influences the
diameter and flow time of a fresh mix. In order to achieve
the highest fluxing of a mix, an anti-foaming admixture
should be introduced as fast as possible.

The relationship between air content and flow pa-
rameters in AFA introduced SCC mixes is shown in
Figs 11 and 12. Of course, with the increase of mix flow
diameter the air content is decreased. AFA causes de-
crease of air-content and the best possible increase of
flow diameter when it is introduced immediately after SP
(Fig. 9). In case of introducing an AFA after 20 min, the
decrease of flow diameter is significantly smaller but the
air-content decrease is comparable.

It is important that despite shorter time and lower
viscosity of a mix, the segregation did not occur
(Fig. 13). On the contrary, a fresh mix containing anti-
foaming admixture was more stable than a mix with simi-
lar diameter of flow, but containing higher amounts of a
superplasticiser.

The advantage achieved as a result of the usage of
an anti-foaming admixture due to its fluxing effect was
the decrease of the volume of the necessary superplasti-
ciser. As a result, similar consistency was obtained but,
what should be emphasised, of non excessively air-
entrained self-compacting mix.

5
4 b 4 ¢ without AFA
)
3
& — e
< 2
1 [ A with AFA added
[ after 20 min
0
60 65 70 75

D [em]

Fig. 11. The relationship between flow diameter of SCC
incorporating different admixtures and air-volume

& T
|

4 $ + without AFA
o 3 i
X ry W with AFA
<

A with AFA added
1 after 20 min
0
0 1 2 3 4

T500 [sec.]

Fig. 12. The relationship between time flow of SCC
incorporating different admixtures and air-volume

Fig. 13. The view of high stability of a concrete mix
incorporating AFA

Moreover, in case of a fresh mix containing AFA,
the loss of initial consistency was considerably slower
(Figs 14 and 15).

72

SF2

70
= &8 2 B SCC without AFA
5 ] = after 20 min

66
8 M SCC with AFA
@ 64 after 20 min
s}
5 92 SCC without AFA
g 60 after 60 min
ol
T 58 - @ SCC with AFA
2 after 60 min
S 56-

54 -

52 -

Fig. 14. The loss of initial consistency of SCC with and without
AFA. Symbols SF 1 and SF2 represent slump-flow classes
according to Table 1
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1 M SCC without AFA
5 1 after 20 min

B SCC with AFA
after 20 min

.1 SCC without AFA
after 60 min

M SCC with AFA
after 60 min

flow time of SCC [sek.]

Fig. 15. The change of initial flow time of SCC with and with-
out AFA. Symbols VSI and VS2 represent viscosity classes
according to Table 2

Tests by other authors proved that it was not possi-
ble to air-entrain a fresh mix for the second time, if an
anti-foaming admixture was introduced. So, anti-foaming
admixtures should not be used in case of mixes that were
air-entrained on purpose.

Summarising, the anti-foaming admixture:

— decreases the air-content in self-compacting mix;

— increases its flow diameter achieved in shorter

time (it is important: without its segregation);

— decreases the loss of its initial consistency;

— should be introduced to a mix immediately after

introducing a superplasticiser to achieve bigger
mix flow diameter increase. However, the time of
introduction of an AFA is not important to the fi-
nal decrease of air content in concrete mix.

Moreover, the results of another research performed
by the authors proved that the biggest air-entraining ef-
fect of a superplasticiser on mixes takes place when the
w/c ratio is high. Even more, the effectiveness of an
AFA in decreasing too high air content is the greatest.

Nevertheless, the last tests by the authors proved
that using AFA gets high flow diameter of mortars and
mixes with extremely low w/c ratio (Fig. 16).

Fig. 16. Slump flow of mortar of self-compacting mortar with
w/c = 0.15; flow diameter = 39 cm

5. Conclusions

In the scope of the tests which were conducted on anti-
foaming admixtures, the following conclusions may be
proposed:

1. Anti-foaming admixtures may be used in order
to prevent excessive air-entrainment of a mix (introduc-
ing anti-foaming admixture with air-entrained superplas-
ticiser), or in order to decrease already existing air vol-
ume, caused by air-entrained superplasticiser in a fresh
mix.

2. Anti-foaming admixtures decrease air-content in
a self-compacting mix, increase its flow diameter
achieved in shorter time (and what’s important — without
its segregation) and decrease the loss of its initial con-
sistency. So, due to the use of anti-foaming admixtures, it
is possible to decrease the need of a superplasticiser in
order to achieve suitable flow of the mix.

3. What is essential for the above mentioned rheo-
logical property modifications developed by the effect of
anti-foaming admixtures, is the moment of its introduc-
tion to a fresh mix. The best effectiveness is obtained by
the introduction of that admixture immediately after a
superplasticiser. However, the moment of introduction of
this admixture is not essential to achieve the low air vol-
ume in a fresh mix.

Summarising, the test research proved that using
AFAs is an effective method of decreasing air-volume
(that is the effect of some superplasticisers) in a self-
compacting mix[J1]. Moreover, workability of self-
compacting is higher. Because of using AFA, the mix
keeps the initial consistency longer.

The next step of authors’ investigation will be the
analysis of effects of chemical and physical properties of
SCC ingredients (mineral additives and chemical admix-
tures) on the effectiveness of an AFA. The influence an
AFA on hardened SCC properties will also be investigated.
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PRIESPUCIO (AFA) ITAKA SUSITANKINANCIO BETONO MISINIO SAVYBEMS

B. Lazniewska-Piekarczyk, J. Szwabowski

Santrauka

Betono misinio sudétis turi bati tokiy savybiy, kad uztikrinty nereikalingo oro kiekio pasiSalinima. Idomu, kad i $ias
savybes dazniausiai néra atsizvelgiama atlickant susitankinan¢io betono bandymus. Remiantis jvairiais susitankinancio
betono misinio tyrimais, buvo nustatyta, kad per dideliam oro kiekiui itakos turi superplastikliai, nepaisant to, kad jie turi
tankinanciy savybiy.

Norint susitankinanc¢io betono miSinyje (SCC) sumazinti per didelj oro kiekj, sitiloma naudoti prieSputi (AFA). Kadangi
AFA jterpimas i susitankinan¢io betono misini sumazina oro kieki, padidéja misinio pasklidimo skersmuo ir sumazéja
pasklidimo trukme. Jeigu miSinio sudétyje yra AFA, misinio takumas neskatina i$sisluoksniavimo, o tai gali atsitikti nau-
dojant SCC tik superplastiklj. Taciau AFA jterpimo trukmé turi poveiki miSinio takumo laipsniui, bet néra reikSminga
pasiektam mazam oro kiekiui SCC. Be to, susitankinan¢io betono misinio su AFA klojumas ilgesni laikq islieka to paties
lygmens.

ReikSminiai Zodziai: prieSputis (AFA), oro tiirio sumazéjimas, susitankinantis betonas (SCC), superplastiklis, reologinés
savybés, klojumo nuostoliai.
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