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The preparation of foam cement and determining some of its
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ABSTRACT

The purpose of this research is to prepare samples of foam cement with different
mixing ratios of raw materials. Several exams have been performed such compressive
strength which was (5.9 N/mm?) and density (0.903 gm/cm?) for some samples.

These values show that this material is suitable to be used as untraditional building
material for construction of non structural walls. Due to its liquidity, foam cement is
suitable to be used for mold casting, surface repairing and voids filling for walls.
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INTRODUCTION
oam concrete is either a cement paste or mortar, classified as lightweight
concrete, in which air-voids are entrapped in mortar by suitable foaming agent.
It possesses high flowability, low selfweight, minimal consumption of
aggregate, controlled low strength and excellent thermal insulation properties [1]. By
proper control in dosage of foam, a wide range of densities (400-1600 kg/m3) of
foamed concrete can be obtained for application to structural, partition, insulation and
filling grades. Although the material was first patented in 1923[1,2], its construction
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applications as lightweight non- and semi-structural material are increasing in the last
few years. The first comprehensive review on cellular concrete was presented by
Valore in 1954 and a detailed treatment by Rudnai and Short and Kinniburgh in
1963[1,3], summarising the composition, properties and uses of cellular concrete,
irrespective of the method of formation of the cell structure. Recently, Jones and
McCarthy have reviewed the history on use of foam concrete, constituent materials
used, its properties, and construction application including some projects carried out
worldwide[1,4]. The production of stable foam concrete mix depends on many
factors, selection of foaming agent, method of foam preparation and addition for
uniform air-voids distribution, material section and mixture design strategies,
production of foam concrete, and performance with respect to fresh and hardened
state are of greater significance [1,5]. The aim of this research is to prepare foam
cement with good specifications in terms of compressive strength, density and
liquidity is used in the construction of non-structural walls.

Theoreticalpart
Properties of foam cement

Physical and chemical properties of foam cement depends on several factors,
including methods of pores formation in the material ,arrangement and distribution of
pores and its kinds ( that were closed or open or connected) , type of foaming agents,
solidification conditions and other factors. The properties of foam cement are
interrelated; so the thermal conductivity coefficient, in the dry atmosphere, mainly
depends on the density value of foam cement, either type of foaming agents and
solidification conditions and other factors have very few effect on the thermal
conductivity property: As an example, porous walls, where porosity and density are
controlled by thermal conductivity process for foam cement [6].

The pores which formed in foam cement are two types, surface pores (macro
porosity) and internal pores (micro porosity). The pore structure of cementations
material, predetermined by its porosity, permeability and pore size distribution, is a
very important characteristic as it influences the properties such as strength and
durability. The pore structure of foam cement consists of gel pores, capillary pores as
well as air-voids (air entrained and entrapped pores). As foam cement being self-
flowing and self-compacting cement and without coarse aggregate, the possibility of
entrapped air is negligible. The air-voids in the foam cement can be characterized by
a few parameters like volume, size, size distribution, shape and spacing between air-
voids. The air-void distribution is one of the most important micro properties
influencing strength of foam cement, where the foam cement with narrower air-void
distributions shows higher strength [5].

The Density of foam cement can be either in fresh or hardened state. Fresh density
is required for mix design and casting control purposes. A theoretical equation for
finding fresh density may not be applicable as there can be scatter in the results
caused by a number of factors including continued expansion of the foam after its
discharge (i.e. the interaction that happen between the foam and other components of
the cement did not reach to its final stage), in addition to that there may be loss of
foam during the mixing process [7]. Many physical properties of foam cement related
to/depend upon its density in hardened state. While specifying the density, the
moisture condition needs to be indicated as the comparison of properties of foam
cement from different sources can have little meaning without a close definition of
the degree of dryness [8]. As the properties are expressed in terms of dry density, the
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relationships proposed in literature between dry and fresh density are summarized in
table (2) [9].

Hydration rate of foam cement have an important influence on the properties of
foam cement where drying process of foam cement (reduce the humidity) lead to
contraction distortions (shrinkage deformations), these distortions depend on the first
level of hydration and the level of balance between the moisture of cement and the
environment, the low hydration of foam cement (include of deflationary distortions)
is posses a few resistant of cracks compared with foam cement which has appropriate
hydration, so the resistance of foam cement are depend on the water content of the
foam cement during the formation [4].

The foaming agents type plays an important role in influencing the properties of
foam cement, a description of commonly used natural material-based and Synthetic
foaming agents as well as the method of preparation of foam cement also have an
important influence on the properties of foam cement where foam cement is produced
either by pre-foaming method or mixed foaming method. Pre-foaming method
comprises of producing base mix and stable preformed aqueous foam separately and
then thoroughly blending foam into the base mix. In mixed foaming, the surface
active agent is mixed along with base mix ingredients and during the process of
mixing; foam is produced resulting in cellular structure in cement [10]. The foam
must be firm and stable so that it resists the pressure of the mortar until the cement
takes its initial set and a strong structure of cement is built up around the void filled
with air [11].

Advantages of foam cement

Foam cement is multiple benefits as follows [12]:

« Strong walls. » Good thermal and sound insulation (save the energy). .
Quick and easy achievement. * Flexibility. * Light weight (easy shipping
and construction).

 Appropriate cost of complex building.

Experimentalpart
Used Materials:

The used materials for preparing foam cement are:
Cement

Cement used in this research is the sulfate-resistant cement (bridge marker), this
cement is distinct from other types of cement by low- tripartite stockings alumina
(CsA) content which are responsible for interaction with sulfate ions in the soil or
water and caused expansion in the cement and occurrence of cracks, the cement is a
fine powder ,it is composed from four basic components which are: -(C3S Silicate
tricalcium , C,S silicate dicalcium , C3A aluminate tricalcium , C,AF aluminate
iron tetracalcium).

Foaming agent:

foaming agent used in this research is animal protein based cement foam agent is
made from select animals (cattle, sheep) keratin protein as the main raw material, the
finished products produced through a series of hydrolysis reactions, the specifications
of cement foam agent are shown in table (1).
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Silica powder : - silica powder used in this research is local Ramadi silica powder
(Erdhuma sand glass) of grain size (less than 17 pm) to composition (82%) of silica
oxide, (8.4%) of aluminum oxide, (6.3%) of calcium oxide and (2.3%) of magnesium
oxide.

Red sand :

used in this research the Iragi red sand (Habbaniyah sand) of fine grain size (68
um) which consists of (73.2%) of silica oxide, (0.8%) aluminum oxide, (0.9%) of iron
oxide, (5.2%) of calcium oxide, (3.1%) of magnesium oxide, (14.5%) of sodium
oxide and (0.6%) of potassium oxide.
Kaolin :

kaolin used in this research is local Ramadi kaolin powder (Dukhla kaolin) of grain
size (300 pum), which consists of (47.14%) of silicon oxide, (34.74%) of alumina
oxide, (1.26%) of iron oxide, (1.2%) titanium oxide,(0.25%) magnesium oxide,
(0.07%) of sulfur trioxide, ( < 1 %) of calcium carbide and (14.06%) is loss of
incineration.

Samples preparation and devices

Different samples of cement foam was prepared with different mixing proportions
as shown in table (3) where Often trial and error process is adopted to achieve foam
cement and determine its characteristics [13]. Where the foam was prepared by using
a foam-generating device (which consists of air compressor (20 bar) and storage tank
(170 liter)), where the foam pumped under pressure (2 bar) and the water pumped
under pressure (3 bar) until reach to better homogeneous foam, then the foam and
basic mixture for each sample transported to laboratory mixer with continuous
mixing for (10 minutes) to obtain a homogeneous foam cement , then followed by a
molding process where hand-molding technique was used in this stage, where the
molds made of iron, the tests (compressive strength, density and durability) were
calculated for all prepared samples by using the compressive strength test device (
Toni pact 3000 — Germany).

Results and discussion

In this research different samples of foam cement with different compositions had
been prepared as shown in table (3) .Because most physical properties of foam
cement depend on the dry density, these values had been determined. The
compressive strength of all samples had been measured after immersing in water for
period (29) day. Depending on these results the most suitable samples were detected
by comparing with international values that had been published. Trial and error
method is universally used to detect the best composition [15], this method is used in
this study to find the best suitable composition of foam cement.

As shown in table (4) and figures (1,2,3), the samples no.(8 and 9) have the most
suitable compression values of (6.1 Mpa , 5.9 Mpa) respectively, and density of
(1.009 , 0.903 gm/cm?®) respectively, these values are compatable with universal
values, which can be used for structural building materials (block).It is found that
using the optimum value of foam to water ratio leads to best cohesive and adhesive
values of foam with the basic mixture which they have significant affect on the
stability of foam cement [14]. In low densities of foam cement, foam ratio controls
the strength of foam cement [14,15]. The suitable foam ratio leads to best porosity of
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foam cement by arranging the pores, the distance among them and their volumes. It is
found that a large dispersion of pores within the foam cement (increasing small pores
and reducing large pores) leads to best properties of foam cement. The distribution of
pores within foam cement is the most imported factor affecting the strength of foam
cement [16]. Samples no. (8 and 9) which had been immersed in water for period (29
day) show low water penetration. This was detected by cutting their block samples
and observing water penetration which is found to be restricted to surface of the
block. This phenomenon is expected because water absorption by foam cement
decrease with decreasing of density (increasing of pores number). The decrease of the
volume of pores and increasing their number lead to form capillary pores which will
form very quirky way to water flow within foam cement which damping water
penetration phenomenon[16,17].

As shown in table (4), sample no. (1) has the minimum values of density and
compression strength .This low compression strength is due to that for low densities
of foam cement (0.5-1 gm/cm®) , the compression strength decreases with increasing
of pores diameter. In high densities of foam cement (greater than 1 gm/cm?), the
distance among the pores have the major effect on the compressive strength, where
the compression strength increases with increasing these distance [18, 19]. The
increase of foam ratio leads to increase of formation of pores and may united together
to form large volume pores, this increase in pore volume leads to decrease in
compression strength and density.

The addition of red sand of particle size (less than 68 pm), as in sample no. (2),
leads to increase the values of compression strength and density. As it is known the
addition of red sand leads to increase the density which leads to increase in the
compression strength (the compressive strength of foam cement is a function of
density) [20,21]. Also it’s found that the addition of other fine fillers have a great
influence on the uniformity of pore distribution which leads to increase in the strength
of foam cement.

In samples no. (1 and 3) the increase in the water ratio (increase the hydration)
leads to raise the compression strength and density. The water ratio has a great effect
on the shrinkage deformations that occur inside the foam cement, the low hydration
ratio increase the shrinkage deformations which leads to decrease the strength of
foam cement compared with that suitable hydration ratio. It is found that the suitable
hydration make to reduce the shrinkage by a ratio of (12-50%) [22, 23].

In sample no. (4), the addition of fine silica powder (less than 17 um) leads to
increase the compression strength and density, as mentioned before, the addition of
fine filler improve the mechanical properties of cement in general[24 ].

It is found that the addition of foam (1 liter) to the basic mixture, with the addition
of Kaolin, as in sample no. (5), leads to decrease the compression strength compared
with the addition of red sand, as sample no. (6), because the red sand reduce the
shrinkage inside foam cement [25].

The increase of cement ratio has leads to increase the compression strength and
density of sample no. (7) Compared with sample no. (3), which has lower cement
ratio, this attributed to the fact that the increasing cement by high ratio (within
stability and adhesion limit), will leads to increase density and compression strength.
The small increase in cement ratio has only a minor effect on the cement properties,
as in normal cement [20, 25].
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Conclusions

In this research we have good results linked with the preparation of foam cement
and study some its properties, where we have reached important conclusions are as
follows:

1. Preparation of foam cement conformity with international standards

2. The prepared foam cement posses good liquidity can be used to treat the
cracks in buildings, or as separators between the walls.

3. Using the local materials which make the possibility of research applying on
commercial level in the housing projects.

4. In general, most samples have low densities (lower than the density of water),

where these samples float when immersed with water and posses light weight, low
cost as well as fast achievement (i.e. quick and easy formation).
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Figure (2) shown the density values of samples
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Figure (3) shown the durability values of samples.

Table (1) The specifications of cement foam agent.

Appearance Brown viscous liquid
Density(kg/L) 1.2
PH value 6.8
Inorganic salt(%as Na,SO,) 1.3
Absorb ability % 23

Table (2) The relationships between dry and fresh density [5].

Reference Equation Remarks
ASTM C 796-97 [8] Dry density = (W + W, and V e are weight of cement and
0.2W )V patch volume of batch, respectively.

ACI committee 523 [9]

Dry density = 1.2C +A

C and A are weight of cement and aggregate
in kg per cubic meter of cement.

Kearsley [10]

y dry = 0.868 y cast _ y Casting density range of 700-1500 kg/m°.

55.07

Cement—fly ash mixture of varying fly ash—
cement ratio (F/C = 0-4).

Table (3) The mix proportions for cement foam samples.

Materials

Samples — -

Cement Foam Water Silica Kaolin Red sand
Sample no.(1) | 600 gm 15L 210 ml | - - -
Sample no.(2) | 600 gm 15L 210ml | - - 240 gm
Sample no.(3) | 600 gm 15L 300ml | - - -
Sample no.(4) | 600 gm 15L 300ml | 300gm | - -
Sample no.(5) | 600 gm 1L 300ml | - 200 gm -
Sample no.(6) | 600 gm 1L 300ml | - - 200 gm
Sample no.(7) | 900 gm 15L 300ml | - - -
Sample no.(8) | 600 gm 750 mi 300ml | - - -
Sample no.(9) | 600 gm 750 ml 300 ml | 200 gm
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Table (4) The values of compressive strength, density and durability of all

samples.

Tests
Samples Compression strength | Durability Density

(MPa) (KN) (gm/cm®)
Sample no.(1) 0.08 0.8 0.4
Sample no.(2) 0.5 5 0.65
Sample no.(3) 0.1 1 0.5
Sample no.(4) 2 20 0.8
Sample no.(5) 1.2 12 0.8
Sample no.(6) 5.6 56 1.065
Sample no.(7) 3.6 36 0.766
Sample no.(8) 6.1 61 1.009
Sample no.(9) 5.9 59 0.903
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