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Abstract. Buildings are responsible for more than 40% ofehergy consumption
and greenhouse gas emissions. Thus increasingrwuidthergy efficiency is the
most cost effective way to reduce emissions. The ofs thermal insulation
materials constitutes the most effective way ofurdlg heat losses in buildings
thus reducing heat energy needs. These materials dahermal conductivity
factor, k (W/m.K) lower than 0.065 while other itetion materials like for
instance aerated concrete can go up to 0.11. Quimenlation materials are
associated with negative impacts in terms of toxidPolystyrene, for example
contains anti-oxidant additives and ignition retans, additionally, its production
involves the generation of benzene and chloroflcaroons. Polyurethane is
obtained from isocyanates, which are widely known their tragic association
with the Bhopal disaster. Besides current insutati@terials releases toxic fumes
when subjected to fire. This paper reviews literatan foam geopolymers that
could constitute a lower toxicity alternative tormnt commercial insulator.
Current methods use foaming agents (blowing agents) as hydrogen peroxide
(H20;), sodium perborate (NaBp silica fume, powder alumina. Results of an
experimental research on foam hybrid alkaline cemare reported.

Keywords. Foam agents, hybrid alkaline cements, compresgiemgth, thermal
conductivity, density.

Introduction

Energy consumption is one of the greatest problefmthe human civilization
being responsible for high greenhouse gas emisdtorergy efficiency is the most cost
effective way to reduce emissions. Since buildiags responsible for more than 40%
of the energy consumption it's reduction is of pawant importance not only
environmental speaking as well as to reduce etebills [1].

In this context the development of innovative thefrrmsulators constitutes a
research priority [2].

Current insulation materials are associated witljatiee impacts in terms of
toxicity. Polystyrene, for example contains antidant additives and ignition
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retardants, additionally, its production involveke t generation of benzene and
chlorofluorocarbons. Polyurethane is obtained frimmcyanates, which are widely
known for their tragic association with the Bhogaaster [3].

Foamed materials are produced by using either cepeste or mortar in which
large volumes of air are entrapped by using foaentg

Giannakau and Jones explored the potential of feancrete to enhance the
thermal performance of low rise building has shawat the foam concrete ground
supported slab foundation possess better thermmllaition and lower sorptivity
properties while producing satisfactory strength [4

Using foam concrete instead of inner leaf leadintoease thermal insulation of
brick wall by 23%. Furthermore, insulation is mare less inversely proportional to
density of foam concrete [5]. The heat transfehigh temperature is done through
porous materials which are affected by radiatiogatHransfer is an inverse function of
the number of air—solid interfaces traversed [6].

In this context the first part of this paper reviethe state of the art of these
materials followed by the disclosure of some pralany experimental results on the
influence of several foam agents on the propedidsg/brid alkaline cements.

1. State-of-the-Art

Proportioning and the preparation process of foanciete are usually achieved by a
trial and error process to obtain the desired mechaproperties of foam concrete [7].
Most proposed methods result in calculation of lagoantities. In this direction,
McCormick based on solid volume calculations pregbs rational proportioning
method [8].

Kearsley and Mostert have proposed a set of equeafir calculating the foam
volume and cement content [9].

Porosity network, permeability and pore size disttion affect compressive
strength and durability properties of foam concf&®. The porosity of foam concrete
consists of gel pores and capillary pores whichaffected by volume, size, size
distribution, shape and spacing between air-vdidsrower air-void distribution leads
more compact foam concrete which subsequently higlmenpressive strength is
achieved. Using finer filler materials such asdkh results in more uniformity of air
void distributions. The compressive strength of nfioaoncrete is significantly
functioned to the density [10].

Therefore, the density of composition for foam aete is adjusted by
compressive strength. The type of mixer and bagchimd mixing sequences of foam
concrete depends upon pre-formed foam method ofgaixing method [11].

Pre-formed foaming is preferred to mix-forming teicfue due to the lower
foaming agent requirement and a close relationsbiveen amount of foaming agent
used and air content of mix [12].

Foam concrete with density 1000 k§/mas one-sixth thermal conductivity of
typical cement-sand mortar [13].

The name ‘geopolymer’ was introduced by Davidouitshe 1970s, however the
technology of alkali-activation predates this teratogy by more than 60 years [14].
According to the rigorous definition of Provis [1#fese materialsafe produced
through the reaction of an aluminosilicate—normallypplied in powder form as an
industrial by-product or other inexpensive materiabith an alkaline activator, which



is usually a concentrated aqueous solution of alkgtiroxide, silicate, carbonate or
sulphaté.

Despite all the investigations published on theagenals in the last decades some
aspects still needed to be further investigatede@afly concerning durability
performance [15].

Foam geopolymer constitutes a recent research fidtld high potential in the
development of low toxicity thermal insulators witiermal conductivity value around
0.22 W/mK [186].

The discovery of one-part geopolymers (also knosvinybrid alkaline cements) is
considered a key event on the evolution of low carlgeopolymer technology,
however they were associated with very low comjiwvesstrength [17].

Some authors recently investigated these matehialéng reported a 28 days
curing compressive strength of 27 MPa by usingafyh and 30% OPC [18]. These
mixtures are used in this paper to produce foaneriads. The influence of the foam
agent is highlighted.

2. Experimental

Hybrid alkaline cements are based on kaolin, fly, asdinary Portland cement (OPC),
sodium hydroxide, calcium hydroxide (Ca(QH)water and superplasticizer (Table 1).
As previously reported [18] the kaolin and sodiuydioxide were calcined in a

furnace at 650 °C during 140 minutes being ternsechicined stuff.

Table 1. Mixture proportions (%)
Cement Fly ash Ca(OH) Calcined stuff Water/Powder SP/Powder  Sand
30 58.3 7.7 4 35 0.8 80

Two foam agents in three percentages (1%, 2% anjl \8&te used, namely
hydrogen peroxide (#D;) and sodium perborate (NaBO Figure 1 shows how
foaming agents induce the increase in open porosity

1.1.Testing description

To study foamed hybrid alkaline cement four paramsetvere considered bulk density;
open porosity (water absorption); thermal condutstisnd compressive strength.Bulk
density was assess according to the ASTM C 373-78.

For water absorption the specimens were immersedater until their their
weights become stable. After they were then roligdtly on a wet cotton cloth to
remove all excess water from their surfaces tolre¢he status of saturated-surface-dry
(SSD), and were weighed and denoted by

Furthermore, the saturated IPF specimens were tiriednstant weight by heating
in an oven at 150 °C, and the resulting oven-drip)(©pecimens were then weighed
and recorded as ¥¥.

The water absorption of each specimen can be edéxlifrom the relation of W*=
(Wssp -Wop)/Wop.
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Figure 1. Porosity aspect in hybrid alkaline cement witHfet#nt foam agents

Compressive strength were performed on 50x50x50° comcrete specimens
according to NP EN 195-1. The specimens were ldciat¢ghe chamber room at 23 °C
for 28 days. Compressive strength for each mixiuaie obtained from an average of 3
cubic specimens. The compressive strength afteosexp to high temperatures was
also assessed. The specimens were exposed duenovs at 600 °C and 800 °C.
After two hours the specimens were removed fronfuheace.

2. Results and discussion

Figure 2-4 shows the open porosity (water absamptitbulk density and thermal
conductivity results of mixtures with hydrogen peade (H0O.) and sodium perborate
(NaBG).

Sodium perborate addition shows a more higher énfte on the increase of open
porosity than hydrogen peroxide. The increase diuso perborate content from 1% to
2% leads to just a minor increase in the open fgresile the increase to 3% even
reduced it.

A higher reduction in open porosity is noticed whemrogen peroxide content
increases from 2% to 3%.
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Figure 2. Water absorption (open porosity)

Concerning bulk density the increase in the sodparborate from 1% to 3%
content seems to had little influence on the baliégrmance.

A not very different behaviour takes place when rbgén peroxide content
increases from 2% to 3%.
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Figure 4. Thermal conductivity

The best thermal conductivity performance was olketiin the mixture with 3%
sodium perborate. Still this performance is un&mtiery because the thermal
conductivity of commercial foamed masonry blocksafxy) are below 0.2 W/m.K and
some aerated concrete mixtures have a thermal ctwidp around 0.11 W/m.K.
Further investigations concerning the use of higtmrtents of sodium perborate are
therefore needed.

Figure 5 shows the 28 days compressive strengiinbtent temperature and after
the specimens were submitted to a high temper&@@° C and 800 °C).

Only the mixtures with 1% hydrogen peroxide and tomes with 2% and 3%
sodium perborate have a 28 days compressive dtrabgtve 6MPa.

The exposure to high temperature leads to a seeenpressive strength reduction
for the reference mixture while the reduction sischnless severe for foam mixtures.

3. Conclusions

The best thermal conductivity performance was olkethiin the mixture with 3%
sodium perborate. Still this performance is un&mtiery because the thermal
conductivity of commercial foam masonry blocks (i¥gy are below 0.2 W/m.K and
some aerated concrete mixtures have a thermal ctwidgiaround 0.11 W/m.K..

Further investigations concerning the use of higlmrtents of sodium perborate
are therefore needed.
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References

(1
(2
(3]
(4]
(5]
"
8l
(9]

[10]
[11]
[12]
[13]
[14]

[15]

[16]

[17]

[18]

F. Pacheco-Torgal, L. Cabeza, M. Mistretta, Aklduskas, G. Granqvist, Nearly zero energy buidin
refurbishment. A multidisciplinary aproch Springéerlag, London, UK, 2013

F. Pacheco-Torgal, A. Fucic, S. Jalali, ToxiafyBuilding Materials. Woodhead Publishing Limited
Abington Hall, Cambridge, UK, 2012

F. Pacheco-Torgal, Eco-efficient constructiod banilding materials research under the EU Framiewor
Programme Horizon 202@onstruction and Building Materials1 (2014), 151-162.

A. Giannakou, M.R. Jones, Potentials of foamewceete to enhance the thermal performance of low
rise dwellings. In: Dhir RK, Hewelett PC, Cseteriyl, editors. Innovations and development in
concrete materials and construction. UK: Thomasofel 533-44, 2002.

W. H. Taylor, Concrete technology and practicendion: Angus and Robertson; 1969.

R.C. Valore, Cellular concrete. Part 1 compositiad methods of productioACI J50 (1954) 773-96.
M. Nehdi, Y. Djebbar, A. Khan, Neural network nebdor preformed foam cellular concret&Cl
Mater J98 (2001) 402—-409.

F.C. McCormick, Rational proportioning of prafeed foam cellular concretACI| Material Journal
64 (1967) 104-109.

E.P. Kearsley, H.F. Mostert, Designing mix cosifion of foamed concrete with high fly ash congent
In: Dhir RK, Newlands MD, McCarthy A, editors. Usé foamed concrete in construction. London:
Thomas Telford, 29-36, 2005.

K. Ramamurthy, E. Nambiar, G. Ranjani, A classiiima of studies on properties of foam concrdte.
Cement & Concrete Compositg$ (2009) 388—-396.

S. Karl, J.D. Worner, Foamed concrete-mixing andkability. In: Bartos PJM, editor. Special
concrete-workability and mixing. London: E&FN Sp@17-24, 1993.

K.J. Byun, H.W. Song, S.S. Park, Development oficitrral lightweight foamed concrete using
polymer foam agent. ICPIC-98; 1998.

Y.M. Hunaiti, Composite action of foamed and ligktght aggregate concreté.Mater Civ Eng8
(1996) 111-113.

J.L. Provis, Geopolymers and other alkali activateaterials: why, how, and what®aterials and
StructuresA7 (2014) 11-25.

F. Pacheco-Torgal, Z. Abdollahnejad, A. Camdes,Jamshidi, Y. Ding, Durability of alkali-activated
binders. A clear advantage over Portland cemergnounproven issue Construction and Building
Materials 30 (2012) 400-405

E. Prud’homme, P. Michaud , E. Joussein, C. Peytata Smith, S. Arrii-Clacens, J.M. Clacens, S.
Rossignol, Silica fume as porogent agent in gecerias at low temperaturépurnal of the European
Ceramic Societ30 (2010) 1641-1648.

D. Kolousek, J. Brus, M. Urbanova, J. Andertova,Hulinsky, J. Vorel, Preparation, structure and
hydrothermal stability of alternative (sodium silie-free) geopolymersournal of Materials Science
42 (2007) 9267-9275.

Z. Abdollahnejad, P. Hlavacek, S. Miraldo, F. Pach&orgal, A. Aguiar, Compressive strength,
microstructure and hydration products of hybrickditie cementdMaterials Researci7 (2014) 10



