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Microstructural Properties of Gypsum Composites containing Pineapple
Leaf Fibre
Esan, M. T., Khairulzan, Y., Zaiton, H., Gambo, M. D. and Hassan, H.

Abstract: The interest in prospective uses of gypsum as a finishing component has diminished in
recent years as a result of its weak mechanical strength, which is essential in interior construction.
Therefore, to overcome this challenge, researchers have come up with various ways of improving
the gypsum composite materials. The microstructure of the composites and the contact surface
with pineapple leaf fibre were investigated by Scanning Electron Microscopy (SEM) and X-Ray
Diffraction (XRD). The microstructural properties of the gypsum paste changed when pineapple
leaf fibre was added. These studies showed that at 2% fibre volume, a jellylike surface coating was
formed around the gypsum crystals, giving the pineapple leaf fibre (PALF)-gypsum composite its
high interlocking and compactness, thereby impacting high strength than the pure gypsum and this
suggests its broader application in building industry for production of partition boards.

Keywords: Gypsum; Microstructure; X-Ray Diffraction (XRD); Scanning Electron Microscopy
(SEM); Pineapple leaf fibre.

I. Introduction

Gypsum is a binding material created by
heating and partially or completely
eliminating the crystallization water that is
naturally present in gypsum rock. It is one
among the first materials that people used
for building. Depending on the temperature,
heating calcium sulphate dehydrate (CaSO,
2H,0O) from gypsum rock causes partial or
total dehydration. It can be transformed into
anhydrite or hemihydrate (CaSO, 0.5H,O)
[1]. Gypsum rock entirely dehydrates when
heated to temperatures over 190-200 °C.
The water that causes the gypsum rock to
crystallize is lost in this circumstance. This
results in CaSO,, commonly known as
gypsum anhydrite [2], [3].
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Depending on the method of calcining used
during production, the hemihydrate can
have one of two distinct crystal structures:
alpha, which is a saturated atmospheric
water vapour, when made from gypsum
using a wet method, and beta, which is a
saturated atmospheric water vapour created
using a dry method. Unprocessed gypsum,
which is composed of calcium sulfate
dihydrate (CaSO, 2H,0), is chemically
converted into calcium sulfate hemihydrate
(CaSO, 0.5H,0) by calcining by eliminating
1.5 water molecules [4]. The alpha-
hemihydrate is a building material that is
referred to as "Plaster of paris" [5]-[7]. The
hydration of hemihydrate has been the
subject of numerous  investigations,
including those on the kinetics and setting
of hydration [8]-[13]. Equations 1 and 2
combined to represent the integral reaction
to hydration. Equations (2) and (3) show
how hemihydrates quickly hydrate after
combining with water [14], first becoming
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water-soluble (Equation (2)), then becoming
anhydrous gypsum (Equation (3)).

CaS0O,.0.5H,0—Ca2"+SO,*+0.5H,0 (1)
Ca’*+S0,+H20—CaS0, .2H,0 @)
CaS0O,.0.5H,0+1.5H20—CaSO,.2H,O0 (3)

Ca’* and SO,” are produced when the
hemihydrate dissolves in water; when they
combine, a dihydrate is produced, which
precipitates out of the solution. As a result,
crystallization nuclei appear, and crystals
develop around them to form a network of
long, interconnecting crystals that gives the
substance its strength [10], [14], [15]. This
hydration mechanism is explained by Le
Chatellier. The resulting compound, CaSO,
2H,0O, shares the same
composition as gypsum rock [16], [17].

chemical

During the hydration phase, the hardened
paste's microstructure is established. It is
determined by the water to gypsum ratio,
which is responsible for initiating hydration
processes and ensuring the workability of
the gypsum slurry. Gypsum crystals become
looser and create vacancy fractions as the
amount of water in the substance rises,
which lowers its strength [6], [10]. In
comparison to other kinds of inorganic
cement, the gypsum binder is thought to be
more ecologically friendly because of its low
thermal treatment temperatures and capacity
for closed-loop recycling [1]. At the
moment, wall coverings, partition walls, and
ceiling designs are the main uses for gypsum
plasters. Gypsum-based products, including
as mortar, composites, and boards, are being
utilized in construction more and more
frequently because of their superior fire
resistance, thermal properties, and sound
insulation advantages [18]—[27].

Gypsum board is growing in popularity
because of its excellent potential for sound
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insulation, speed of construction, and ease
of installation. Contrarily, plain gypsum
board is fragile, has a low flexural strength,
and has poor sound absorption [28]—[30].
The physical and mechanical properties of
gypsum products have been improved by
scientists using a variety of additive-based
approaches. In addition to expanded
polystyrene (EPS), silicate fillers (clay
minerals, perlite, vermiculite, silica fume, fly
ash), and foaming agent additions, other
appropriate choices include glass fibres,
mineral wool, cork, organic fibre and rice
husk [31]. In the literature, fillers such as
rice husk [32], blast furnace slag (BFS) [33],
nanotubes [33], iron oxide [34], calcium
carbonate [32], silica gel [35], and silica and
fume [35] have been employed in gypsum-
based composites. Fibre, which normally
has a higher tensile strength than the
gypsum matrix, appears to help increase the
mechanical effectiveness of the composite
by spreading the applied stress load [30],
[37]. Fibreglass and natural fibres were
employed in eatlier experiments to solve this
issue [38]—[40]. Fibres were added to the
gypsum board to increase its mechanical
properties. The fibres act as reinforcements,
reduce the matrix's brittleness, and improve
how evenly the matrix is stressed [41]. The
quantity of trash produced as a result of the
quick setting time of the gypsum presents
another issue with the usage of gypsum
products [15], [42]. However, despite recent
efforts, the development of composite
materials still confronts a number of
challenges, many of which need solutions.
As a result, it is necessary to develop
gypsum composites with natural fibres,wich
reduce potential for global warming caused
by carbon dioxide emissions from the
production of various synthetic fibres that
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has been used before in making composite
materials.

Pineapple leaves can also serve to reduce
environmental consequences, because they
are frequently discarded and constitutes
wastes. As a result, the focus of this study is
on the microstructure properties of the
PALF-gypsum composite. The aim of the
study has lately been impacted by the quest
for ecologically friendly building materials.
The study's conclusions will be beneficial to
the building sector, which calls for the
adoption of more lightweight materials.

II. Materials and Methods
A. Materials
which 1is

Gypsum  plaster, commonly

accessible at the market, was the type of

gypsum
experiment. Table 1 provides the gypsum's

natural employed in  this
chemical composition. Ground PALF as
shown in Figures 1 was purchased from
Chemical Engineering department,
Universiti Teknologi Malaysia. Table 1 and 2
provides a list of the chemical characteristics
of the gypsum and PALF used in this
experiment. In Figures 2 and 3, the particle
size distributions of the PALF and gypsum
powder employed in this investigation are

displayed.

Figure 1: Pineapple fibre with 15mm size
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Figure 3: PALF Particle Size
Distribution
The chemical composition of gypsum is
shown in Table 1. It contains the oxides of
several metallic elements. The major
component of gypsum is Sulphur trioxide
(8O;). The mass content of Sulphur trioxide
was 52.1%. This is the main oxide
components that contributes to secondary
hydration in the gypsum matrix as in
Equation 2. In addition to the main
components, a substantial amount of lime
(CaO) is also present, about 46.8%. There
were other oxides such as magnesia (MgO)
with 0.222%, silica (8iO,), Iron oxide

(Fe,0O;) and Alumina (ALQO,) in reasonable
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quantities. The oxides, such as MgO, ALO;
Fe,O, and SiO,, shows no significant
content. It shows there are very small
impurities in the sample. According to [43]
the minimum content of CaSO,2H,O in
gypsum for building use should have at least
70% by weight, and this can be obtained by
summing up the value of SO; and CaO. As
can be seen from Table 1, the gypsum rock
content of SO, and CaO planned for use in
the investigation was 52.1% and 46.8%.

28

Which implies the value of CaSO,2H,O
was  98.25%. The composition and
percentage of chemical composition of
gypsum may vary depending on their origin.
According to the XRF results, the gypsum
had  similar  chemical = compositions
compared with other gypsum reported in
the literature [44]; [45]. The gypsum consists
essentially of sulphur trioxide and lime with

other components in smaller amounts.

Table 1: Gypsum chemical composition analyzed by XRF

Chemical
. Sulphur __ . ) . Iron
composition Lime .. Silica Alumina magnesia ]
(Ca0) trioxide Si0) (ALO,) (MgO) oxide
a i
(Oxide) (SO, L e 8 (Fe,0))
Mass content
46.8 52.1 0.517  0.354 0.222 0.0433

(%0)

The chemical composition of PALF is
detected using XRF analysis and presented
in Error! Reference source not found.2.
From the table, it is noticed that Lime
(CaO) and Sulphur trioxide (SO;) are the
most dominant oxides in the sample with
mass content of 55.9% and 35.4%
respectively. There were other key oxides
such as magnesia (MgO), Alumina (Al,O,),
Silica (SiO,) and Iron oxide (Fe,O,) in
reasonable  quantities.  The  chemical
attributes under investigation by other
researchers were on cellulose, hemicellulose,
holocellulose and lignin, apart from the

study conducted by [46] which also studied

the chemical composition (oxide) of PALF.
Although the results obtained from this
study was not similar with the results in this
present study, the result revealed the
presence of silica, carbon, oxygen and
nitrogen on the treated and untreated PALF.
This is due to different treatments applied
on PALF, sources of fiber and process of
obtaining the fiber. For example, in this
study 6% NaOH solution was used in the
treatment of PALF while the combination
of 5% silane and NaOH concentration wete
applied for the PALF treatment according
to the study conducted by [406].

Table 2: PALF chemical composition analysed by XRF-

Chemical . Sulphur " Iron .
composition lime crioxide magnesia .. Alumina
CaO SiO MgO Al,O
(Oxide) ( a ) (803) ( 1 2) ( g ) (Fe203) ( 2 3)
Mass content
55.9 354 2.9 1.74 0.982

(%0)
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B. Preparation of the PALF-Gypsum
Composite Material and

instrumentation

In this study, the gypsum composite was
created using gypsum, PALF, and tap water.
A 0.6 water-to-gypsum ratio was used to
create 15 mm fibre diameters for wvarious
PALF percentages. The composite PALF-
gypsum mixes were made using a constant
water-gypsum ratio of 0.6. The ratio was
determined based on trial mix results from
earlier tests, which showed that PALF-
Gypsum with a 0.6 water-gypsum ratio had
exceptional workability. To compare the
samples, a set of controls that lacked PALF
was also created. Then, C2, C3, C5, C10,
and C20 were substituted for the PALF
increases of 2%(C2), 3%(C3), 5%/(C5),
10%(C10), and 20%(C20), respectively.

In order to ascertain the mechanism of
strength increase with and without PALF,
the morphology of the gypsum composites
was examined under a scanning electron
microscope. The chemical composition of
the PALF and gypsum were identified using
X-ray fluorescence. The diffraction pattern
of gypsum with and without PALF was also
measured using an X-ray diffractometer
with the model number Rigaku D-max
2200.

III1. Results and Discussion
A. Scanning electronic microscopy

Figure 4 displays the 15 mm PALF-gypsum
composites' micrographs. It was shown that
PALF altered the microstructure of the
gypsum matrix. The micrograph of the
control specimen shows a small, needle-
shaped crystal with a length of 11.31 um.
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Similar observations were made on the SEM
micrograph of fibre according to study
conducted by [47]. Additionally, it might be
challenging to locate the pores (as shown in
Figure 4a control). The crystal's diameter is
3.81 to 3.9um, while the pore size is around
27pm. However, as seen in Figure 4b, the
needle-like crystal lengthens when PALF is
administered. According to [48] the control
hydrates significantly and the induction and
acceleration durations are short. The crystal
then struggled to develop into a long, thick
crystal. However, in the case of PALF-
gypsum  composites, these specimens
experience  lengthy  induction and
acceleration times, which are followed by
lengthy crystal development processes that
cause the crystal to become long and thick.
The gypsum particles are tightly bound to
the PALF, as seen by micrographs of the
composite PALF-gypsum material. This may
be demonstrated with PALF volume
fractions of 2%, 3%, and 5%. The interfacial
transitional zone (ITZ) was compact with a
small gap after adding 2% PALF to the
gypsum matrix. The diameter thickened to
41um, the crystal length increased to
40.42m, the pore size decreased to 60m, and
the crystal with 3 percent PALF had a
longer length (32.27m) and a wider diameter
(5.93um) as shown in Figure 4c. [42] also
observed a similar trend in their work when
looked into the mechanical properties of
cellulose fiber, the surface adhesion between
the fibres and the gypsum matrix was
improved when recycled cellulose pulp was
employed. The composites’ mechanical
qualities improved as a result.

The existence of voids in the composites is
shown by micrographs taken at higher fibre
volume percentages. The occurrence of
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voids between fibres for the 5% fibre (14m)
suggests that composite delamination, with
the separation contact along the PALF, was
the primary cause of failure. A 10% increase
in PALF concentration (Figure 4e) resulted
in a 47m increase in crystal length and a
99m pore size on the microstructure
micrograph. With 20% addition of PALF,
the crystal's length increased by 28.38 m
(Figure 4f). Poor adhesion between the fibre
and the gypsum crystals is the result of the
fragmented sample's insufficient matrix and
100m wide pores. The inter transitional
zone (ITZ) now has larger gaps as a result.
The higher fibre count may have prevented
the fibre from being encapsulated in the
matrix during processing by obstructing
matrix flow. As a result, the strength of the
composites can be affected. Carvalho et
al.[42] utilized SEM imaging to investigate
how vacancies affect a pulp fibre composite.
They found that gypsum crystal sizes varied
across the fibre in samples with 10% pulp.
They came to the conclusion that the fibre's
form and hydrophilic qualities may be due
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to the larger size of the crystals around it. A
strong medium for interlocking with the
gypsum matrix is provided by the rough
fibre = surface. =~ SEM
demonstrate that substantial fibre-matrix

measurements

adhesion was achieved at a fibre volume
fraction of 2%. With gypsum-cellulose
composites, the same phenomenon has
been verified in the research conducted by
[49]. The [50] looked into the
morphological changes brought on by
various NaOH concentrations on sisal-
gypsum composites of 2 percent, 4 percent,
6 percent, 8 percent, and 10 percent weight.
The findings shown that treated fibres
outperformed untreated solutions in
solutions containing 6% NaOH. The
micrograph also reveals a fracture plane at
the end of a sisal fiber at 20 percent volume,
demonstrating the high fiber effect involved
in the failure. This also corroborate with this
present study when 20% PALF were added
to the composite mixture, which affected
the strength of the composite.
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Figure 4: Micrographs of 15mm PALF-gypsum Composites

B. Energy Dispersive X-ray addition of 2% PALF (C2). Calcium,
Spectrometer (EDX) oxygen, and sulphur are the most common
Figure 5 displays the EDX results of the elements in the EDX charts for PALF-
control gypsum without fibre (CO) and the gypsum composites, whereas silicon and
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carbon are minor contributors. This is in
line with the research conducted by [51], in
which Calcium, Oxygen and Sulphur were
the chemical elements of gypsum present in
both the interior of the cork and gypsum
matrix. The specimen prepared with 2%
PALF and a calcium value of 13.61 had no
carbon, according to the EDX analysis. On
the other hand, as the graph shows, the
control sample had a greater carbon ratio
(5.90). Gypsum's chemical components,
calcium, sulphur, and oxygen (C-S-O), are
present in both the gypsum matrix and the
inside of PALF cells, proving that gypsum
has entered these cells. Furthermore, at C2,
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the concentration of C-S-O increases from
94.11 percent to 100 percent. The results
show that the wettability between the PALF
and the gypsum paste is quite high at C2.

The results of the SEM pictures and
mechanical characteristics are supported by
the EDX images, which show that the
gypsum with 2percent PALF added included
and O, which is the
components of the calcium sulphate
dihydrate crystal (CaSO,2H,0), as also
supported by other researchers[6],[49]. The

more Ca, S

b

estimated component concentration is
shown in Table 3.

Table 3: EDX results of Plain Gypsum (CO) and Composite (C2)

Elements/ O (%) Ca (%) S (%) C (%) Si (%)
PALF/gypsum

contents

COo 66.66 19.17 8.28 5.90 -

C2 77.33 13.601 9.06 0.00 -

C3 50.35 38.24 7.00 4.41 -

C5 57.23 34.66 5.26 2.85 -

C10 04.14 20.88 14.41 0.57 -

C20 54.45 10.73 5.19 29.06 0.57
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Figure 5: EDX Spectra and Maps of Control Gypsum and C2

The presence of Ca, O, S, C, and Si in the
C20 sample, as shown in Figure 6, points to
the presence of expanded gypsum and
ettringite minerals. At 19.17% and 10.73%,
respectively, Figure 6 demonstrates that the
Ca content in C20 is lower than that in the
control specimen (C0). This may help to
explain why C20 failed. The mechanical

characteristics will be deteriorated if 20%
PALF is added while containing the least
amount of Ca and S. This is also in line with
other research of gypsum based composite
in which the mechanical properties was also
reduced when greater percentages of fibre

was added [52]
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Figure 6: EDX spectra and maps of control gypsum and C20

C. X-Ray Diffraction Test of Gypsum
PALF Composite

In this portion of the investigation,
crystalline  hydration  products ~ were
qualitatively analyzed on a variety of samples
using XRD analysis to spot any similarities
and differences in the samples and to
pinpoint the causes of the mixes' behavior.
The hemihydrate transition is seen using
diffraction patterns for b-hemihydrate
(gypsum powder) (Figure 7a), gypsum
dehydrate (Figure 7b), and PALF-gypsum
composite (Figure 7c). Dihydrate gypsum
(CaSO,.2H,0) is the main crystal in the
hydrated systems, with creation peaks
appearing at 14.7, 20, 24, 33, 34, 40, 43, and

56, in a comparable way to the work
conducted by [53], which is created as a
result of the hydration of b-hemihydrate
paste. The anhydrite peak is also seen in
pure gypsum at 25.4 and 36.2. Anhydrite is
produced during the production of
hemihydrate, as evidenced by its presence in
hemihydrate. All of the hemihydrate must
have been moved to the dehydrated phase
because there was no basanite phase
(CaSO,. 0.5H,0) in the hydrated phase.

On the other hand, x-ray diffraction analysis
of the PALF-gypsum composites shown in
Figure 7c revealed that the primary
crystalline component was small peaks of
calcium sulphate dehydrate (CaSO,.2H,0)
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and calcium carbonate (CaCO;). At 20, 28,
32, 44, and 506, there is a substantial amount
of calcium carbonate. The variation in peak
strength demonstrates that PALF has an
impact on how well gypsum plaster hydrates
(Figure 7c). It was discovered that adding
PALF to the gypsum plaster reduced the
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hydration peak's intensity. The mechanical
properties of composite materials were
enhanced by calcite (CaCO,). These findings
are consistent with previous research [54].
Table 4 shows the study data and sample
phases that were chosen at random from the
literature.

Table 4: Major phases found in sample material.

Sample Phases Peaks at Remarks
20
Hemihydrate CaSO42H,0O 14.6, 20, 24, In the hydrated systems, the
31.7,34,40, primary crystal and formation
49 and 56 peaks of the dihydrate gypsum
produced as a result of the
hydration of b-hemihydrate
paste can be seen.
CaSOy4 38 Pure gypsum has very few
anhydrate peaks.
CaSOy4 0.5H,O 35 This phase contained basanite

Hydrated hemihydrate CaSO42H>0

CaSO4

Composite(PALF+GYPSUM) CaSO, 2H,O

CaCOs

with a lower intensity.

11.6, 20.7, This specimen has a more

24, 32, pronounced peak.

34,40, 43

and 56

12, 14.7  When water was introduced to

and 29 the pure gypsum, this peak was
raised.

147  and Calcium sulphate dehydrate was

29.4 detected as a small peak due to

the presence of PALF.
20, 28, 32, Due to the presence of PALF, a
44 and 56 modest  peak of  calcium
sulphate dehydrate was found.
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Figure 7: Gypsum hemihydrate, gypsum dehydrates, and PALF-gypsum composites'

X-ray diffraction patterns

IV. Conclusion

In this study, the effects of wvarious
concentration ~ of PALF  on  the
microstructural characteristics of gypsum
plaster were investigated. The following
conclusions were drawn based on the
microstructural properties experiments that
were carried out.

The SEM results showed that at 2% fibre
volume, a sticky surface coating formed
around the gypsum crystals, which
contributed to the high interlocking and
compactness of  the PALF-gypsum
composite. It also demonstrates how
composite materials experience considerable
development as PALF percentage increases.
The pores increase in number as
percentages of PALF increases in the
composites. The average pore size of these
materials was 60 to 100 micrometres, as
opposed to 27micrometers in the pure
gypsum sample, according to SEM tests.

In contrast to when a higher amount of
PALF was applied to the gypsum matrix, the
between the gypsum crystal and 2% PALF
was compact with a tiny gap. During the
process of hydration, the structure change
continuously as seen in X-ray diffraction
diffractogram of the examined specimens
which reveals a high peak of dihydrate
gypsum. This peak was greatly lowered by
the addition of PALF to the gypsum matrix.
Different crystalline structures (needles,
prism and fibres) were formed. The XRD
diffractogram of the test specimen of the
PALF-gypsum composite, which acts as a
filler, showed a strong peak of calcium
carbonate.

The findings of this experiment have
conclusively shown that producing bio
composite gypsum with a 2% PALF fraction
is a viable option in enhancing their
characteristics. The improvements in the

performance of gypsum with Z2percent
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PALF

application in construction industry for

addition  suggests its broader
production of ceiling board, panels and

partition boards.
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