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 More cellulose extractives were removed through microwave irradiation.
 Microwave assisted alkaline treatment improved the fibre roughness and ductility.
 Cementitious composites with microwave treated fibers had optimum performance.
 Alkaline only treated fibers did not perform badly.
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a b s t r a c t
This study investigated the effectiveness of microwave irradiation pre- treatment in combination with
sodium hydroxide and other pretreatment methods on bamboo fiber cement composite characteristics.
The materials used for this study include bamboo fibers, Portland cement, fine sand and calcium chloride.
Microwave assisted sodium hydroxide (MT), sodium hydroxide alone (AA) and hot water (HT) treatments
were used to pre-treat the bamboo fiber before its use in the cementitious composite. Mechanical tests
were conducted after 7, 14 and 28 days while Fourier transformed Infrared spectroscopy (FTIR) with
Scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS) were used to characterise the composites. The use of microwave assisted alkali treatment is observed to have the best performance due to its more efficient role in improving fiber roughness, ductility and toughness in the
cementitious composites.
Ó 2020 Elsevier Ltd. All rights reserved.

1. Introduction
Sustainable and green concrete technology could be developed
through the use of natural fibers as reinforcement in cement composites. These fibers if adopted could be used to replace the conventional steel rebars and synthetic fibers which are more costly
and less environment friendly [1]. Reported studies have shown
that there are impressive results from mechanical, physical and
thermal performance tests conducted on natural fiber reinforced
cement composites. These studies include [2-4]. As good as this
may sound, natural fibers are however bedeviled with some
challenges which have hampered the adoption on a large scale in
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the construction industry. Among such setbacks are the problem
of reduced workability [5], setting time [6], degradation in alkaline
environment [7], mineralization [8] among others. Most studies
are in agreement that these setbacks are caused by their hydrophilic nature which is as a result of the abundant presence of cellulose,
hemicellulose, lignin and other extractives in their cell walls [9,10].
In other to mitigate this problem, several solutions have been proffered such as hot water treatment [11-13], alkaline pre-treatment
[14,15], acidic pre-treatment [16], polymer and silane coating [1719]. It should be noted that numerous researches exist on the use
of microwave energy in assisting chemical treatment of biomass
for different purposes such as to obtain feedstock for the production of bioenergy and green materials [20,21], pyrolysis for the
production of liquid fuel [22] and production of char [23].
However, limited data exist on the use of microwave irradiation
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in natural fiber reinforced cement composite studies, one of such
study considered its use in accelerated curing of coir fiber reinforced cement composites [24]. Microwave assisted chemical treatment is reported to have a higher efficiency in removing lignin,
cellulose and other extractives in any biomass material more than
using the chemical treatment method alone in isolation [25-27].
On application of microwave to aid the treatment of any biomass
material, it interacts with the hydrogen bonds located in the cellulose (Fig. 1) thereby increasing the temperature and subsequently
leading to breakage of the crystalline bonds in the cellulose. The
disruptions of the crystalline bonds cause rapid movement and
polarization of chemical groups in the molecule and the eventual
reduction of the cellulose within the biomass. It has also been
reported that it has the capacity to remove lignin as well from biomass materials because of its low polarity [28]. In another study, it
was observed that 80% and 90% of hemicellulose and lignin were
removed through application of short times of microwave irradiation treatment on cellulose based material [29].
It is therefore proposed in this study to investigate the role of
microwave assisted sodium hydroxide chemical treatment in
improving some selected properties of bamboo fiber reinforced
cement composites. In order to ascertain the efficacy of this treatment, other established pre-treatment methods of hot water
immersion and alkaline chemical treatment were also used and
their properties compared.
2. Experimental program
2.1. Materials

Table 1
Proximate chemical composition of Bambusa vulgaris [32].
Chemical composition

%

Lignin
Holocellulose
Alpha-cellulose
Cold water solubles
Hot water solubles

22.7
77.4
55.4
8.5
10.4

10% concentration of sodium hydroxide which had been diluted
with distilled water and subjected to microwave energy for 1 h.
At every interval of 10 min, the microwave was stopped, and the
container taken out and stirred for a few seconds. This is to ensure
uniform heating within the container and this was done for the
entire duration of heating [33]. Thereafter, the fiber was washed
thoroughly in water for the chemical to leach out before it was
dried in an oven at a temperature of 30 °C until the change in consecutive moisture content readings of ± 2 were achieved. For alkaline treatment only (AA), the bamboo fibers were immersed in
water containing the same 10% conc. of NaoH which had been
diluted with distilled water for 24 h. Subsequently, the fibers were
washed in water to remove the alkali absorbed on the surface and
thereafter dried in the oven at the same temperature. Hot water
treatment (HT) was performed by soaking the fibers in an aluminium pressure pot of 90 L containing hot water of 90 °C and
sealed for 1 hr before it was decanted. The fibers were washed in
20 L of water at 22 °C before oven drying at 35 °C.
2.3. Preparation of treated fiber cement composites

Bamboo culms from the Bambusa vulgaris species of 4 to 6 years
of age were cut and allowed to dry in the open for four weeks. The
nodes were broken to obtain the strips which were cut into an
average length of 20 mm before hammer milling was performed.
Bamboo fibers passing 2.0 mm sieve was used. The fibers had fiber
length of 1.82 mm and a fiber width of 11.08 mm. A general use
type of Portland cement with 42.5 rating and fine aggregate from
river sand having fineness modulus of 2.67 were used for the
cement composite. CaCl of 3% (w/w of cement) was used as cement
accelerator [31]. The chemical composition of the bamboo specie is
shown in Table 1.

For the production of the composites, the mix design in Table 2
was used. Portland cement was mixed with sand in the ratio 1:2
while water : binder ratio was kept at 0.52. The fibers were varied
at 1 and 1.5% of the mass of the constituents and the entire mixture
stirred manually until an homogenous mixture was attained. Two
different moulds of 200  150 mm for tensile test and
10  400  400 mm for bending strength tests were filled with
the mixture while a total of 124 specimens were produced, compacted and cured for 24 h in the laboratory at ambient temperature. Thereafter, the specimens were demoulded and cured in
water for 7, 14 and 28 days before the mechanical tests were
conducted.

2.2. Surface treatments of bamboo fibers
2.4. Equipments
Microwave irradiation assisted alkaline treatment (MT) was
conducted using a domestic LG microwave oven MWO 2595 model
with maximum power of 1000 W set to medium–low level of 300
Watts. The bamboo fibers were placed in glass vessel containing

2.4.1. Fourier-transform infrared spectroscopy (FTIR) analysis
FTIR spectra were used to evaluate the infrared spectrum of
absorption of the fibers after treatment and fractured samples after

Fig. 1. Microwave relationship with cellulose due to existence of hydrogen bond [30].
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Table 2
Experimental mix.
Sample

Treatment

Time (h)

Fibers (%)

Sand (kg)

Cement (kg)

Replicates

G1
G2
G3
G4
G5
G6

Hot water
Hot water
Microwave
Microwave
Alkali
Alkali

24
24
1
1
1
1

1
1.5
1
1.5
1
1.5

0.101
0.151
0.101
0.151
0.101
0.151

0.050
0.076
0.050
0.076
0.050
0.076

24
24
24
24
24
24

the mechanical tests using a Shimadzu FTIR-8400S spectrophotometer. The spectra for the specimens were recorded by grinding
the specimens to powder, mixing the powder with a small amount
of potassium bromide powder and compacting the mixture into a
disk.
2.4.2. Scanning electron microscope and energy dispersive
spectroscopy (SEM/EDS)
Microstructural analysis was performed using a field emission
scanning electron microscope (FESEM) (model:JSM-7600F, Jeol,
Japan) at an acceleration potential of 15 kV and a magnification
of different magnifications. Fractured sample surfaces were sputter
coated with a thin layer of platinum using a JFC-1600 auto-fine
coater and thereafter examined.
2.4.3. Universal testing machine
Tensile and bending strength tests were performed using a
Testometric Universal Testing Machine (Model No M500-50AT)
using a cross head speed of 10 mm/min for the tensile tests and
loading rate of 0.5 mm/min for the bending strength tests. Fig. 2
shows the load–deflection curves of some tested samples. There
are three noticeable stages of pattern during the test relating to
the damage level of the bamboo fiber composites. All the curves
showed linear and non-linear phases in Fig. 2. The linear part is
the elastic part before cracking occurred. In this stage the fibers
and the cement matrix carry the load together. The next phase is
where the real work of the fibers was noticed in which bridging
of cracks was performed. This is termed the work stage in which
G3 and G1 were able to carry the tensile stress more efficiently
than the G1. The last stage is denoted for the phase in which the
composite panel base starts to crack until failure occurred.
2.5. Testing procedure
Five specimens of 100  50  10 mm sizes were cut from the
bending strength test samples for each composition and tested
for modulus of elasticity (MOE) and modulus of rupture (MOR)
after 7, 14 and 28 days water curing using the Testometric Universal Testing Machine. The mean values were used to represent the
bending strength results. The split tensile test was also conducted
after each successive curing duration with the same equipment at
the specified loading rates. FTIR analysis was performed on the
treated fibers after the treatments and also on fractured samples
of fiber reinforced cement composites after mechanical tests.
SEM-EDS analysis was conducted on some specimens from the
bamboo fiber reinforced cement composites.
3. Results and discussions

xyl group but after irradiation with microwave more of these
bonds were reduced than the other pre-treatment methods. The
spectrum at this range is denoted for hemicellulose and fatty acid
[34]. The transmittance at 2897.18 cm 1 (MT), 2924.18 cm 1 (AA)
and 2926.11 cm 1 (HT) are attributed to CH and CH2 groups of fats,
waxes and pectins [35]. It was observed that on application of MT
treatment the least intensity in the extractives was observed translating to a reduction in this group; this was followed by a higher
peak at AA and lastly the highest peak at HT. The peaks between
1737.92 and 1791.93 cm 1 disappeared upon microwave pretreatment which meant that the carboxylic group had been
removed at MT but were still present at the AA and HT treated
fibers. This group denotes the presence of non-cellulosic fibres
such as pectin, lignin and hemicellulose [36]. The reduction of peak
intensity at 1639.55 cm 1 signifies that C = C which constitutes the
lignin portion of the fibre had been reduced at MT and HT pretreated samples. The decrease in the sharp intensities between
1420 and 1456.36 cm 1 most especially the peak at
1423.51 cm 1 which is ascribed to C–H bending in aromatic rings
present majorly in lignin groups suggests the significant reduction
of lignin by MT pre-treatment [37,38]. Table 3 gives a summary of
the various functional groups of MT, AA and HT pre-treated fibre
samples.
3.1.1. FTIR analysis of bamboo fibers reinforced cement composites
Some chemical changes took place after mixing the treated
fibers with cement mortars after the curing had been stopped. This
is shown in Fig. 4 and Table 4 respectively. The peak at the bands
ranging from 3423.76 3441.12 cm 1 indicated that the blending
of Portland cement with the fibers caused an increase in the peak
intensity obtained prior to this. This difference was instituted by
the Ca(OH)2 ascribed to OH band which shows that the chemical
elements within the cement led to this change [39]. The incorporation of cement with the bamboo fibers caused the broadening of
the bands at this range more than the IR peak at this band from
ordinary fibers. This band is denoted for hemicellulose of O–H
groups [40]. Spectra bands at 2926.11, 2924.18 and
2928.04 cm 1 had a reduced intensity which is caused by the
blending with cement, therefore the methylene and methyl vibration frequencies were overcome by the chemical constituents of
the binder [41]. The IR peak of 1791.93 cm 1 from the ordinary
fibers disappeared on mixing with cement particles but surfaced
in the form of broad band at 1737.92 cm 1. Some bands such as
2127.55, 1506.46, 1464.02, 1266.35, 896.93 cm 1 did not appear
because of inclusion of cement. The use of microwave energy to
assist in the treatment of the fibers exposed the cellulose to more
aggressive deposition of cement hydrates because of its increased
surface area and ultimately a better bond was established between
the fibers and the cement

3.1. FTIR analysis of pre-treated bamboo fibers
3.2. Mechanical results of bamboo fibre reinforced cement composites
The characteristics of MT, AA and HT in Fig. 3 showed that there
was a reduction in the peak at 3400.83 cm 1 for MT relative to
peaks at wave numbers corresponding to AA and HT. This meant
that using alkali treatment reduces hydrogen bonds in the hydro-

3.2.1. Split tensile
As shown in Fig. 5, MT had values ranging from 13.71 to
17.44 MPa and 13.88 – 19.01 MPa for 1 and 1.5% fibre inclusion.
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Fig. 2. Load-deflection curves of cement composites.

100

Table 3
FTIR bands of ordinary bamboo fibers.

% Transmittance

Bond type

75

–OH stretching
C–H vibration
C = H vibration
C = C stretching
C–H bending
C–C stretching

2926.11

50

1639.55
1427.37

25
1400

3400.83
2897.18
–
1639.55
1423.51
1035.81

1

)

Alkali alone
(cm 1)

Hot water
(cm 1)

3411.83
2924.18
1791.93
1643.21
1456.30
1058.96

3417.98
2926.11
1737.92
1639.55
1452.45
1076.32

3417.98

1033.88

400

Microwave
assisted (cm

2400
Wavelength (1/cm)
AA

HT

3400

MT

Fig. 3. FTIR spectra of ordinary pre-treated bamboo fibers.

AA treated fibers ranged from 11.06 to 12.76 MPa and
11.95 – 15.66 MPa at the same fibre variations. Similarly, HT samples ranged from 10.29 13.69 MPa and 11.92–12.94 MPa at 1 and
1.5% bamboo fibre inclusions. It was observed that MT treated
fibres in the reinforced cement composites performed better as
compared to AA and HT treated samples. This is because the fibers
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Fig. 4. (a) G1 (hot water treated fiber in cement composite) (b) G3 (microwave treated fiber in cement composite) (c) G6 (alkali only treated fibers in cement composite).

Table 4
Summary of FTIR spectra of microwave assisted alkaline, hot water and alkaline only treatments for bamboo fiber reinforcement in cement composites.
Wavenumber (cm
MT/Mix (G3)
3431.48
1737.92
1639.55
1429.30
1375.29
1244.13
1033.86
729.12
605.67
472.58

1

)
HT/Mix (G1)

AA/Mix (G6)

3423.76
1737.92
1639.55
1433.16
1383.01
1244.13
1074.39
794.70
605.67
464.86

3441.12
1737.92
1639.55
1429.30
1377.22
1255.70
1033.88
794.70
605.67
466.79

are more flexible and stronger after this treatment. Also, MT was
able to roughen the surface of the fibers more than the other
treatment methods thereby improving the strength and fibre–matrix bond at the interface. This was possible because the chemistry
of the bamboo fibers had been altered due to more reduction in the
hydroxyl groups which comprise of cellulose and lignin, hence an
improvement in the interaction between the fibers and the matrix
which subsequently led to this improved performance than the

Peak Assignment

Source

–OH stretching/ OH from Ca(OH)2
C = O vibration/CaCO3
C = C stretching
C–H aromatic rings
C–H deformation
C-O guaiancyl ring
C-O stretch
V2 of CO3 bending
Alkene C–H bending
V4 of SiO3 bending

bamboo polymers/cement
Xylan in hemicelluloses/cement
Lignin extractives
Lignin
Cellulose and hemicellulose
Lignin
Cellulose and hemicellulose
cement
Cement

other treatments [42]. It had also been reported that on removal
of hydrophilic constituents of cellulose fibers which are the hemicellulose, waxes and silica bodies after alkali treatment, the tensile
properties of composites would be enhanced. This removal is only
partial therefore many of the cellulose components are left open
which affect the fibrils and helps to wet the fibers easily [43,44] .
The tensile results for MT showed 24.32 and 20% higher strength
than HT and AA respectively while a slight improvement of AA over
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G1

8
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6
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4
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5
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0
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0
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Curing duraon
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28 Days

Fig. 6. Modulus of rupture of specimens.

Fig. 5. Split tensile of samples. (Note: G1 = HT, 1% fibre; G2 = HT, 1.5 fiber; G3 = MT,
1% fiber; G4 = MT,1.5% fibre; G5 = AA, 1% fiber; G6 = AA, 1.5% fiber).

90
80
70

MOE (MPa)

HT was noted at 3.6% improved tensile strength. This meant that
on treatment with AA some of the cellulose contents were
removed thereby creating voids on the surface of the fibers which
were filled by the cement hydration products leading to better tensile performance than HT treated samples which could possibly
have very little deposition of the hydration products on the surface
of the fibers due to minimal reduction of these extractives. But in
the case of MT, more voids and pores were created on the fiber surface which translate to more deposition of cement hydration products on the fibre surface and ultimately enhanced the fibre-cement
matrix adhesion caused by the mechanical interlocking mechanism [45,46]. The improved tensile properties from the microwave
irradiated fibers in the cement composite samples are caused by
the intense frequency of the dielectric system during the pretreatment which causes the chemicals to diffuse into the molecules
of the fibre. This leads to agitation within the molecular structure
and subsequently, the fibers rub against each other generating friction by reason of the electric field produced by the microwave
energy. Uniform heat is then produced all over the entire surface
area of the fibers and it aids greater penetration of the chemicals
into the fibre structure without destroying the morphology [47].

14 Days

Curing duraon

60

G1

50

G2

40

G3

30

G4

20

G5

10

G6

0
7 Days

14 Days

28 Days

Curing duraon
Fig. 7. Modulus of elasticity of specimens. (Note: G1 = HT, 1% fibre; G2 = HT, 1.5
fiber; G3 = MT, 1% fiber; G4 = MT, 1.5% fibre; G5 = AA, 1% fiber; G6 = AA, 1.5% fiber).

mately weakened the fibers, hence the poor resistance to rupturing
caused by the fibers low tensile strength [49].

3.3. Characterisation of bamboo fibre cement composites
3.2.2. Modulus of rupture and elasticity
The modulus of rupture and elasticity (MOR, MOE) displayed in
Figs. 6 and 7 showed that MT treated fibers in the cement composites performed best in comparison with AA and HT. For MT, MOR
improvement of 12, 29 and 10.1% in relation to AA was observed
while for MOE an increment of 4.9, 13.6 and 9.5% in relation to
AA was similarly noted after the curing duration. An higher difference in the bending strength was however observed on comparison between MT and HT with increase in flexural capacity of MT
ranging from 54.5 to 97% in the MOR results and 16 – 59.1% for
the MOE. One major reason for this improvement is that, MT fibers
within the cement composites had the highest aspect ratio than
both AA and HT treated samples. This was possible because an
enhanced toughness had been induced in the fibers from the
microwave irradiation in combination with the chemical treatment
leading to the increase in aspect ratio which subsequently
improved the ability of the fibers to bridge the cracks more efficiently than the other fibers [48]. It has been reported that combination of treatments are more effective in reducing the extractives
in cellulose fibers than using a single treatment because such treatments lead to disintegration of large bundles of fiber structure
causing an improvement in the fibrillated morphology [15]. The
bending strength showed clear increase when the content of the
bamboo fibers were increased from 1 to 1.5%. The poor performance in bending strength shown by HT treated samples could
possibly be caused by over removal of the extractives which ulti-

3.3.1. Scanning electron microscope (SEM)
The SEM micrographs are shown in Figs. 8, 9 and 10. Fig. 9
showed very distinct and clear interface between the hot water
treated fibers and the mortar. But Figs. 8 and 10 indicate that there
was homogenous blending between the alkali only treated fibers
and microwave assisted alkali treated fibers with the cement mortars and therefore this makes the interface to be unclear. This could
be credited to the fact that AA and MT pre-treatment methods produced rougher surface texture on the bamboo fibers than the HT
pre-treated fibers and it produced better adhesion to the mortar.
This was evident from the split tensile, modulus of rupture and
elasticity results in which both had better performance than the
hot water treated fibre reinforced cement composite samples. A
similar statement was made by [50] that good adhesion between
fibers and matrix produce high strength brittle material likewise
a reversal is the case if a poor bonding is sighted at the interface.
Numerous cracks were also found on the surface of Fig. 9 which
ultimately affected its mechanical strength. However, fewer cracks
occurred on the interface in Fig. 8 which translates to improved
performance more than that of Fig. 8. Fig. 10 had minimal occurrence of cracks at the interface and so this gave it the best performance in the mechanical tests conducted. As shown in Figs. 8 and
10, the fractured surface showed occurrence of fibre pull out and
pores left by remnants of the pulled out fibers sticking out from
the fractured sample surface. This implies that chemical treated
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Fig. 8. SEM and EDS of AA treated fibers with mortar (marked portion is the interface).

Fig. 9. SEM and EDS of HT treated fibers with mortar (marked portion is the interface).

Fig. 10. SEM and EDS of MT treated fibers with mortar (marked portion is the interface).
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bamboo fibers has a better pull-out resistance from the cement
composite because of better length to diameter ratio than the
hot water treated fibers. Enhancement in absorption and energy
dissipation during facture is the result of this resistance which hinders micro-crack formation and propagation, supports better and
improved fiber toughness and stiffness in the cementitious matrix
because of efficient stress transfer in the composite system. A previous study has shown that micro-fibers hinder the commencement of cracks; but macro-fibers however provide an efficient
bridging and convey toughness with ductility to the fibre composites [51]. More cement hydration products could be observed on
the micrograph surface in Fig. 9 which is due to the strong adhesion between the fibrillated bamboo fibers as seen from the FTIR
results and the cement mortar which possibly improved the
fibre–matrix bonding, hence the superior strength at the MT treated fibre cement composites. It had also been reported that better
bonding occur between sodium hydroxide treated fibers and
cement matrix due to precipitation of cement hydrated products
into the fibrillated exposed cavities of the natural fibre [52]. A better adhesion is formed between the cellulose molecular structure
and the calcium content of the cement hydration products

ods. This suggests that the good performance recorded for MT
was because of improved fiber ductility and greater adhesion of
the cement hydrate products to the fibre surface. It has been established through past research experiences and field applications
that it is essential for surface of natural fibers to be chemically
treated in order to improve the strength, durability and adoption
for industrial applications [21]. This conventional method of fiber
treatment has been shown to consume a lot of water, chemicals
and energy [47]. However, recent emerging studies have revealed
that the use of microwave energy in pre-treating natural fibers is
an environment friendly option because it saves time needed
for treatment which translates to reduced energy cost. Other
eco-friendly traits include less heat emitted and it also gives no
radiation during operation [54,55]. To ease the adoption of this
technique in field works, industrial scale microwave devices exist
which use magnetrons at 2.45 GHz frequency and it also come with
an extra frequency of 900 MHz for fuller range of penetration of the
microwave energy [56]. The fibre cement composites produced
from this process could be used in the fabrication of lightweight
ceiling and roof boards, building materials for low-cost shelters
and as wall plasters.

3.3.2. Energy dispersive X-Ray (EDS)
Elemental composition were done on some of the samples using
EDS by selecting region of interest, however quantification error
could occur as the sample volume is small usually in small
micrometers. Nonetheless, the results show the occurrence of
chemical elements with known chemical structures. MT treated
fibre cement composites (Fig. 10) had the least proportion of calcium and chloride which constitute a major part of the cellulose,
lignin and hemicellulose. This meant that the microwave irradiation was more effective in reducing its occurrence in the composite
sample. AA treated fibre cement composites in Fig. 8 also had
similar reduction in chloride content when compared with hot
water treated fibre cement composites in Fig. 8. Similarly, the
carbon/oxygen ratio for Figs. 8, 9 and 10 are 0.17, 0.22 and 0.16
respectively while the theoretical value based on chemical formular is 0.9 for cellulose and 2.9 for lignin [53]. This implies that the
cement matrix samples containing microwave assisted alkali treated fibers had the least composition of both cellulose and lignin,
showing that minimal contents of these chemical compounds were
found in them. This was closely followed by samples with alkali
only treated fibers and cement mortars. This is in line with the FTIR
results discussed earlier which showed that some peaks disappeared after these two treatments were conducted on the bamboo
fibers. Equally, elements such as Ca, Fe, Mg, S, C, Si are associated
with cement products and are located in all the samples tested.
Most of the surfaces of the samples are coated with tiny layers of
cement and the hydrated products in addition to elements found
in the bamboo fibers (C and O), therefore it is expected that a blend
of these elements in varying proportions would be found on them.

5. Conclusion
Cement composites reinforced with bamboo fibers pre-treated
with microwave assisted sodium hydroxide, hot water and
sodium hydroxide only at 10% concentration lead to improved
mechanical strength due to improved interfacial adhesion
between the cement matrix and the fibers. Distinct and better
improvement in some properties from microwave assisted
sodium hydroxide pre-treated fibers than the alkali only treated
fibers were associated with more and effective removal of cellulose, lignin and hemicellulose from the fibers molecular structure
which roughened the surface and enabled the cement hydrates
to fill the voids leading to good grip and anchorage with the
cement matrix. The tensile results for MT showed 24.32 and
20% higher strength than HT and AA respectively while a slight
improvement of AA over HT was noted at 3.6% improved tensile
strength. An higher difference in the bending strength was however observed on comparison between MT and HT with increase
in flexural capacity of MT ranging from 54.5 to 97% in the MOR
results and 16 – 59.1% for the MOE. The pre-treated fibre cement
composites generally showed improved strength on increase of
the fibre contents from 1 to 1.5% for the curing days under consideration. The better performance from the MT and AA treated
cementitious composites is also influenced by the compact
arrangement of the microstructure coupled with reduced pores
and voids on the interface.

4. Discussion

The authors declare that they have no known competing financial interests or personal relationships that could have appeared
to influence the work reported in this paper.

FTIR analysis of the pre-treated fibers in Fig. 3 clearly showed a
sharp contrast in MT system compared with others in the reduction of extractives associated with cellulose fibers. In the same
vein, on inclusion with cement and other aggregates in Fig. 4, the
chemical composition of the cement composites were changed
due to the development of cement hydration products. These were
deposited on the fibre surface to fill the voids created by the varying effects of the treatment methods adopted which altered the
fibre morphology and architecture. The mechanical strength
results in Figs. 5, 6 and 7, indicated that MT treated fibers had more
significant effect on the strength than the other treatment meth-
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