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Abstract.

Malaysia faces three major environmental problems, out of which solid waste and management is one of them. Palm Oil Fuel Ash
(POFA) and eggshells are two agro-food waste materials which are produced in enormous quantities in Malaysia. Due to the characteris-
tics possessed by eggshells and POFA, these waste materials can potentially be utilized in the production as cement replacement, reduc-
ing the use of cement which is one of the major production of Carbon Dioxide (CO2) gas emissions. This study was conducted to deter-
mine the chemical and fresh state properties of foamed concrete incorporating POFA and eggshell ash (ESA) as cement replacement.
Based upon the results, it was observed that the increase in usage amount of POFA and ESA as cement replacement, the workability of
foamed concrete reduced without blocking. For the chemical analysis result shows the POFA which had high amount of silicon dioxide
and ESA having large amount of calcium oxide were compatible and could be used together as cement replacement. The use of ESA and
POFA as cement replacement to reduce the cement consumption with various percentage of ESA (0% - 15%) and POFA (20% - 35%) in

1800 kg/m3 density of foamed concrete.
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1. Introduction

Concrete is one of the oldest manufactured construction material
and.it has been used widely in the construction of various struc-
ture since ancient day. The continuous research and development
of concrete has resulted.in the production of many types of con-
crete possesses own unique characteristic to meet and suit the
demand of industry. Concrete is used in many different types in
construction such as building frames, dams, bridges and other
variety. Cement, water, and aggregate is a material mixture in
concrete which must be workable, chemical resistance, low per-
meability, and economy [1].

Foamed concrete has been used and gained popularity in construc-
tion industry due to its excellent thermal and acoustics properties
and lower self-weight [2] than conventional concrete. Reducing
the density of concrete also can reducing the dead load and corre-
sponding reduction in the size of concrete. It produced by the
mixing of cement, sand, water, and performed stable foamed to
generate small bubble of air into Portland cement. Characteristic
of foamed concrete depends on the mix design there are however
several general properties which are constant across a range of
mix design. Due to its advantages in self-compacting, light
weight, self-levelling nature, flow ability and low dimensional
change, it has widely used in variety of lightweight non or semi-
structure [3].

In Malaysia, egg consumption of the people was recorded at 2.8
million eggs daily especially from chicken [4]. Hence, the egg
consumption of Malaysian.is increasing with high demand for

local food industry. Eggshells waste are seriously affecting the
environment and causing pollution to public health.

POFA structure for chemical properties has high silica oxide but
less proportion on calcium oxide compared to ESA which has
high composition of calcium oxide and less content of silica oxide
[5]. Therefore, the combination of supplementary material of
POFA and ESA provide good composition of chemical properties
as cement replacement.

Based upon their properties, the solid waste materials can either
be used as supplementary cementitious materials or as replace-
ment of fine aggregate in mortar or concrete. Therefore, recycling
POFA and Eggshells into the useful product gives good potential
for agricultural industry, food manufactured and a much wider
construction industry. It is because by using waste product can
reduce the cost of cement and manufacturing, but also has reduce
the cost for land fill activity and reduce the pollution.

This research studies the chemical and fresh properties of foamed
concrete incorporating POFA and eggshell ash as cement re-
placement. The sample specimens of 1800 kg/m3 density foamed
concrete containing POFA and Eggshells as partial cement re-
placement had been tested. The workability of fresh state foamed
concrete was determined by J-Ring test. The foamed concrete was
undergo X-Ray Fluorescence (XRF) test to determine its chemical
composition.
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2. Literature Review

2.1 Uses of Foamed Concrete

The foamed concrete has good characteristic such as low density
and high strength preferred normal concrete. Using foamed con-
crete reduces dead loads on the structure and foundation, contrib-
utes to energy conservation, and reduces the labor cost during
construction. The use of foamed concrete as non-load bearing
components has decreased the structural dead load based on com-
pressive strength and its density. The decrease of dead load could
lead to reduce the cost of production and transportation of build-
ing components and has the potential of being used as a structural
material such as decreases the size of column and thickness of
wall.

Other applications include precast elements, in raft foundation of
houses, as a foundation-layer for sports fields and athletic tracks,
for annulus grouting of segmental tunnels, backfilling the voids
behind tunnel linings, providing base for storage tanks or as blind-
ing material.

2.2. Material of Foamed Concrete
2.2.1. Ordinary Portland Cement (OPC)

OPC is one of the most product used for a wide range of applica-
tions, including as general construction engineering and construc-
tion works, smaller works and even plastering works. OPC was
classified.as type | cements [6]. It is suitable for all-purpose con-
struction when there is no exposure to sulfate in soil or groundwa-
ter [7].

2.2.2. Water

From the constituents of the foamed concrete, water plays an im-
portant role in strength and durability of concrete. The strength of
the concrete will reduce if the water contains the concentration of
salt [8]. Generally, water used for mixing concrete have to be
clean and does not contain any impurities that can affect the
strength and durability of concrete. The most important factor to
determine the strength that must be consider in concrete produce
are the water cement ratio. The low water cement ratio is conducts
to stronger concrete while the higher of water cements ratio will
make the concrete become weak [9].

2.2.3. Sand

Sand is a fine, fragmented, naturally-occurring material containing
of very small particles of decayed rocks, corals, or shells. Sand is
used to provide bulk, strength, and other properties to construction
materials like asphalt and concrete. River sand become the most
used material in construction applications nowadays. Due to a
small size, sand is very useful in concrete mix as a material for
filling voids or cavity in concrete. River sand is known as material
which is free from any chemical impurities or any substances that
can affect the quality of concrete. The contents impurities can be
shows by results of the dirt obtained while the sand is being touch
by hand.

2.2.3. Foam Agent

Pre-foamed foam consists of two types which are wet foam and
dry foam with forcing foaming agent through high density re-
strictions until create air compressed into mixing chamber and
produced dry foam that size is smaller than 1 mm by using foam
generator to produced foam. The bubble size of wet foam is larger
than dry foam with the size of 2 mm to 5 mm. In order to resists
the pressure of mortar, the foam need to be firm and stable until
strong concrete is construct around the void filled with air and
cement takes its initial set.

2.3. Supplementary Cementitious Materials
2.3.1. Palm Oil Fuel Ash

With the continuously to increase production of palm oil in Ma-
laysia, there will be produced more solid waste by-product of
POFA with measured as nuisance to environment and disposed
without any other use compared to other type of palm oil by-
product. It will be created a severe environmental problem in the
future if there are failure to find any solution in making use of this
by-product. In order to overcome this problem, many studies from
researches proved that the waste by-product of POFA can be reu-
tilized as cement replacement material or aggregate in concrete
due to it pozzolanic properties possesses [10-13].

2.3.2. Eggshell Ash

Eggshell consists of composition compounds of calcium with the
calcium carbonate (CaCOs) is the major composition of eggshell.
In the cement, the primary material in production of cement is
calcium carbonate (CaCOs). OPC contains of four main composi-
tion of calcium compounds which is dicalcium silicate (C2S),
tricalcium aluminate (CsA), tricalcium silicate (CsS) and tetracal-
cium aluminoferite (C4AF). Therefore, the composition of ESA
and OPC has the same primary composition of calcium. The egg-
shell can be used and increasing the strength properties of con-
crete in addition reducing and solving the problem about eggshell
waste materials proved that in construction purpose and applica-
tion [14-18].

3. Experimental Program

3.1. Material Preparation

This research is mainly on the application of the eggshell ash and
POFA as cement replacement material in mixing compound of
foamed concrete. It contains types of material which is OPC, ESA,
POFA, sand, water and foaming agent. The ESA and POFA mate-
rials was used in the concrete composition according to the de-
signed density. The preparation of materials and specimens is the
process of selection appropriate materials and good quality to
produce a good sample of concrete mix. The materials are used to
determine whether the experiment is a success or a failure.

3.1.1. Cement

Ordinary Portland Cement (OPC) is the most common cement
used in all-purpose concrete construction when there is no expo-
sure to sulphate in the soil or ground water. This experimental
work will use OPC categorized of Type 1. The rheological and
strength characteristics especially use in grouping with chemical
admixtures and supplementary cementing materials is different.
The Portland cement can be get at the market or it is provided in
UTHM laboratory for the project purposes and was certified by
SIRIM compliance to MS 197-1:2007.

3.1.2. Palm.Oil Fuel Ash

The palm oil fuel ash (POFA) that was used in this study collected
from Ban Dung P.O Ind. Sdn. Bhd, Seri Medan, Batu Pahat, Johor
as shown in Fig. 1. The POFA is a part of burning palm oil shells,
husk, fibre and the non-combustible residues of combustion in a
furnace or incinerator process. The POFA will be collected from
combustion plant which expose to uncontrolled moisture condi-
tion was oven dried at 105 °C for 24 hours, sieved 300 pm to re-
move unwanted particle and impurities material. The POFA will
be grinded and sieved using 75 um for finess as cement replace-
ment.
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Fig. 1: Palm oil Fuel Ash

3.1.3. Eggshell Ash

Egg Shells collected from Federal Agricultural Marketing Author-
ities (FAMA), Rengit and bakery shops around Parit Raja, was
used as a cement additional in this study as shown in Fig. 2. The
egg shells were cleaned with normal water and left to dry in open
air for 24 hours and then put in oven to dry for another 24 hours at
a constant temperature of 105 °C. Then the eggshells were grinded
into powder such that the eggshell ash pass through 75 um sieve.

e,

; LS t9.8
Fig.2: Eggshell

3.2. Specimen Preparation
3.2.1. Mix Proportion

By assuming a given target plastic density, water/cement ratio,
POFA, ESA and cement percent, the total mix water and fine sand
was calculated. In this study, the density of foamed concrete was
fixed as 1800 kg/m3.

The ratio of cement content, sand content and water
content of the base mix which was used throughout this research
is 1:2:0.55 while the ratio of foaming agent is 1:20 of water. The
mix proportion of POFA and ESA to be replace as cement in
foamed concrete content for each batch is shown in Table 1.

Table 1: POFA and ESA percentage for each sample
. POFA ESA Total Cement
Mix Name (%) (%) Replacement (%) Cement (%)
FC Controlled 0 0 0 100
FC P20 EO 20 0 20 80
FC P20 E5 20 5 25 75
FC P20 E10 20 10 30 70
FC P20 E15 20 15 35 65
FC P25 E5 25 5 30 70
FC P25 E10 25 10 35 65
FC P25 E15 25 15 40 40
FC P30 E5 30 5 35 65
FC P30 E10 30 10 40 60
FC P30 E15 30 15 45 55
FC P35 E5 35 5 40 60
FC P35 E10 35 10 45 55
FC P35 E15 35 15 50 50

Note: FC = Foamed Concrete, P = Palm Oil Fuel Ash and E = Eggshells
Ash

3.2.2. Mixing Procedure

The mixing procedure for this study is following the general prac-
tices for the normal concrete mixing and all the method was car-
ried out manually. OPC, POFA, ESA and sand was weighted and
mixed in a concrete mixer until the dry mix was consistently
mixed. After that, water was weighted and added into the dry mix
until wet mix was uniformly mixed. Then, an amount of foam was
weighted and added into the wet mix repeatedly until the desired
density of 1800 kg/m® was achieved. Lastly, determine the fresh
of foamed concrete for workability.

3.3. Chemical Properties Test

XRF is used in some laboratories in forensic investigation of con-
crete to determine the elemental chemical composition of samples.
XRF is for chemical compositions investigation of concrete sam-
ple and material replacement. In this study, XRF analysis will
performed to study the chemical composition of OPC, POFA and
ESA. The atoms of the sample were absorbed energy from the X-
rays, become temporarily excited and then emit secondary X-rays.
Each chemical element emits X-rays at a unique energy. The X-
ray Fluorescence Analyzer can deliver qualitative and quantitative
analysis regarding the thickness and composition of the material
being tested by measuring the strength and characteristic energy
of the emitted X-rays.

3.4. Workability Test

This test technique covers determination of the passing ability of
self-consolidating concrete by using the J-Ring in combination
with a slump cone mold. The test method is restricted to concrete
with maximum size of aggregate of 25 mm. The J-ring test can be
used in combination with the slump flow test to evaluate the abil-
ity of passing through steel bars of self-compacting concrete [19].
The difference between the flow diameters in the two tests was
measured and denoted as PA. The value of PA should not exceed
50 mm for the concrete to achieve sufficient flow through the steel
bars [20]. The J-ring consists of a steel circular ring and 16 round
steel rods with 16 mm in diameter and 100 mm in height. Then
the 16 rods were welded on the circular ring with equal spacing as
shown in Fig. 3. It conforms to the ASTM C 1621/C 1621M*
guideline [21].

iglé: J-Ring Test

4. Result and Discussion

4.1. Chemical Analysis

X-Ray Fluorescence was study to determine elemental chemical
composition of concrete sample as cement replacement. In this
study, XRF analysis was performed to study the chemical compo-
sition of Ordinary Portland Cement, POFA and ESA. As seen in
Table 2 Ordinary Portland Cement is most high content with cal-
cium oxide (CaO) and silicon dioxide (SiO2). Chemical composi-
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tion of POFA is high with Silicon dioxide (SiO2) and ESA high
with Calcium Oxide (CaO) [22-23].

Table 2: Chemical composition of OPC, POFA, ESA

Chemical Composition OPC (%) POFA (%) ESA (%)
Calcium Oxide (CaO)

o S . 57.30 4.86 68.00
Silicon dioxide (SiO,) 14.10 31.10 0.33
CenaT (€ 0.10 0.10 0.10
Sulphur oxide (SO3) 3‘81 1'34 0‘68
Aluminium Oxide (Al,O3) ’ ’ ’

L 3.68 1.39 =
Ferric oxide (Fe;Os) 208 456 :
Magnesium oxide (MgO) 1‘87 1‘88 0.48
Potassium oxide (K;0) 0'32 8.23 -
Titanium (Ti) " - :
Phosphorus pentoxide )

(P,05) 2.58 0.35

The material is attributed to the chain of reactions happening be-
tween the pozzolans i.e. palm oil fly ash (POFA) and water. The
amorphous structure of POFA stimulates the pozzolanic reactivity,
as the alkaline activators cement, and alkalis (Sodium and Potas-
sium) acts as a catalyst. The amorphous SiO2 present in POFA
forms low basicity calcium silicate hydrate gel (C-S-H). The ex-
istence of CaO in ESA react with water to form a hydrated gel.
Palm oil fly ash (POFA) also acts as a source of siliceous and
aluminous material forms silicate and aluminate hydrates when
reacted with calcium hydroxide in the presence of moisture, which
will be developed strength. The reaction happened during the
hydration process is as follows equation 1 and 2.

Ca0 + H,0 = Ca(OH): 1)

Ca(OH) + SiO2 + H20 = C-S-H @)

Due to the characteristics possessed by POFA and ESA, these
waste materials can be utilized in the production as cement re-
placement, reducing the use of cement which is one of the major
production of Carbon Dioxide (COz) gas emissions.

4.2. Fresh State Properties

4.2.1. Workability

The J-ring test was conducted to determine the workability of
foamed concrete incorporating POFA and ESA as partial cement
replacement. The test was performed according to the guidelines
prescribe in ASTM C 1621/C 1621M1. Table 3 shows the result
of J-ring test from foamed concrete.

Based on the J-ring result, it can be seen that the control sample of
foamed concrete has the maximum flow ability [19]. It also ob-
served that the flow ability of foamed concrete reduces with the
increase in cement replacement. This reduction in workability is
due to the presence of POFA and eggshell ash the porous structure
of surface area in foamed concrete which absorb the water and the
foam resulting in less flow ability. Moreover, the properties colour
of POFA is blackish causes it to absorb more water while reduc-
ing the size of diameter to achieve the target density of mix pro-
portions which contain more POFA and ESA required more
amount of foam then the control sample and the sample which
contain less of POFA and ESA. The smallest diameter difference
between slump flow and J-ring flow is FC Controlled which was
approximately 11mm. Whereas the biggest diameter difference
between slump flow and J-ring flow observed by FC P30 E15, FC
P35 E10, FC P35 E15 which was 21mm. While the average of
diameter difference is 17.3 mm. All the J-ring results which were
recorded in Table 3 have difference of 0 to 25mm between slump
flow and J-ring flow and had no visible blocking.

Table 3: The result of J-ring test of each mix proportion

Slump Flow J-Ring Flow Difference
i between

Mix Propor- Type of

tion d1 (mm) d2 (mm) a1 JZ“ dz d1 (mm) d2 (mm) a1 JZ’ dz JS_'F;';‘SI‘:"{(‘)?N Blocking

(mm)

FC Control 533 528 531 520 520 520 11 No blocking
FC P20 EO 430 428 429 425 400 413 16 No blocking
FC P20 E5 398 390 394 385 370 378 16 No blocking
FC P20 E10 383 377 380 370 360 365 15 No blocking
FC P20 E15 420 410 415 419 376 398 17 No blocking
FC P25 E5 419 415 417 415 390 403 14 No blocking
FC P25 E10 399 397 398 385 380 383 15 No blocking
FC P25 E15 455 453 454 440 430 435 19 No blocking
FC P30 E5 410 400 405 394 381 388 17 No blocking
FC P30 E10 476 408 442 465 381 423 19 No blocking
FC P30 E15 432 396 414 400 385 393 21 No blocking
FC P35 E5 407 391 399 381 376 379 20 No blocking
FC P35 E10 436 390 413 400 381 392 21 No blocking
FC P35 E15 398 380 389 370 365 368 21 No blocking

5. Conclusion

Based upon the results obtained, the following conclusion are
drawn:

1. In conclusion, the chemical proportion of POFA comprise reac-
tive silica is vary from different sources of mill. The difference
of the chemical constituent is due to several reasons e.g. the
parts of the palm oil tree burned, particle fineness and the burn-
ing temperature. Higher reactive silica content comes from the
kernel of palm oil tree. If the brunches are comprised in the
burning process, the fiber of the palm oil tree brunches would
produce more carbon content, which does not bring effect on
strength and just remain as a filler in concrete. The reactivity of
POFA particles is majorly depends on its fineness. Finer POFA

particles rise the content of more reactive silica (SiOz), and this
would help in developing higher strengths and durability. Fur-
thermore, chemical composition calcium oxide (CaO) of Egg-
shell Ash is higher than Ordinary Portland Cement. Therefore,
the behavior of Eggshell Ash of this study can be compared
with OPC as cement replacement.

. The workability of fresh state foamed concrete of 1800 kg/m?
density incorporating POFA and Eggshells as cement replace-
ment. This was achieved which flow ability all the samples of
fresh foamed concrete have difference between 0 to 25mm of
slump flow and J-ring flow and had no visible blocking. Ac-
cording to ASTM C 1621/C 1621M?%, the difference between 25
mm to 50 mm minimal to noticeable blocking and more than 50
mm is noticeable to extreme blocking.
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