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Abstract

This paper presents an initial investigation on the use of a new lightweight construction material, composed of cement, sand and
fiber of waste from young coconut (Cocos nucifera) and durian (Durio zibethinus). Thermal conductivity, compressive strength and
bulk density were investigated. The experimental investigation reveals that the addition of these fibers reduces the thermal con-
ductivity of the composite specimen and yield a lightweight. The composite satisfies the basic requirement of construction materials,
and they could be used for walls and roofs. Thus, the potential for development, therefore, seems to be very promising. Finally,
apart from saving energy consumption for the building, the proposed materials offer an alternative option to dispose waste of fruit

industry. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

A large amount of agriculture waste from food in-
dustries such as fruit peels can be disposed by several
techniques. The most effective technique is to reuse this
waste by processing it as a new product, which depends
on user’s purposes. For instance, fertilizer fuel, house-
hold product and construction materials. Chemical and
physical properties of this waste have a main role on the
user’s decision.

Various types of agriculture waste, after being pro-
cessed, have been tested by blending with the other
common compounds (cement, sand and water) to make
composite materials [1-10]. Although the result from
those researches on mechanical properties of fiber rein-
forcement are satisfying, but from the point of view of
energy saving other properties should also be taken into
account, namely thermal conductivity.

Thailand, located in the tropical zone, has many kinds
of fruits [11], Table 1. It produces a huge amount of fruit
peels yearly [12]. Although, common approaches are al-
ready used, a considerable amount is left to landfill with
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the associated disasters. To our knowledge, only one
study was conducted on palm fiber composite materials
[13]. Therefore, development of composite materials
for building using these peels with low thermal conduc-
tivity will be an interesting alternative which would solve
simultaneously energy and environment concerns.

After a series of preliminary tests on thermal con-
ductivity and bulk density of peels of fruits, it was found
that durian (Durio zibethinus) and young coconut (Cocos
nucifera) are the most interesting products as they have
the lowest thermal conductivity and bulk density.
Though coconut fibers have been already considered,
durian, to the best of knowledge, was never considered.
That is why the proposed composites are rather new
products.

2. Experimental setup

Based on general methods of fiber processing with a
series of preliminary tests, fiber preparation was made
following the steps given in Fig. 1.

Eighteen coconut fiber specimens and 12 durian
specimens were prepared with different fiber lengths,
sizes of sand and mixing proportions (cement:sand:fiber)
as described in Table 2. Two samples of different

0958-9465/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.

PII: S0958-9465(00)00072-X



Dec

Nov

Oct

Sep

Aug

Jul

Jun

May

Apr

Mar

Feb

Jan

Artocarpus heterophyllus

Type/Month

Jack fruit

Rambutan
Nephelium lappaceum
Durian

Durio zibethinus

Seasons of Thai fruits

Table 1
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Raw material

v

Cut: 1 cm3

Drying at 60 °C for 8
hours (Oven)

v

Grinding: 10 mm.
(Rietz mill)

Fiber size : <2, 3.38+1.38, 7.38+2.62 mm
(Vibrating sieve machine)

v

Soaking in water for 16
hours (Basin)

Drying at 60 C for 16
hours (Oven)

v

Fiber samples

Fig. 1. Fiber preparation process.

dimensions per specimen (code) were fabricated: 5:5:5
cm?® sample for compressive strength test and 10:5:5 cm?
for the other tests. Ordinary Portland Cement, Elephant
brand Type ONE (Thai standard), was used as the
matrix material.
The procedure for preparing specimens was done as
follows:
(1) Weighing cement, sand and fiber sample according
to the desired ratio following Table 2, then mixing of
three elements of composite material. Add exact vol-
ume of water and mix well.
(i1) Casting specimen by filling the above mixture into
mold and leave it for a day at room temperature.
Then removing mold leave sample for drying at room
temperature.
The composite specimens were tested based on the
following testing standards:
Physical properties (dimension, shape and bulk densi-
ty): Performed according to ASTM C 134-88.
Thermal property (thermal conductivity): Testing ac-
cording to JIS 2618. Measurement was performed af-
ter specimens drying at room temperature without
incubation in water.
Mechanical property (compressive strength): Measured
according to ASTM C 109/C 109-95. Before testing
specimens have to be incubated in water for 10 days.
The accuracy of equipment used is about 2-3%.

Young coconut

Cocos nucifera

Pummelo

Citrus grandis osb
Mangosteen

Garcinia mangostena linn
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Table 2

Composite specimens’ specification for young coconut (Cocos nucifera) and durian (Durio zibethinus) fiber cement

Fiber length (mm) Size of sand (mm)

Mass ratio of samples (W/C ratio: 1.5:1)

Specimen code

Cement:sand:coconut fiber Cement:sand:durian fiber Coconut Durian
(F/C ratio, %) (F/C ratio, %)
<2 <0.71 1:1:10 1:1:10 Co1 DO1
1:1:20 1:1:15 C02 D02
1:1:30 1:1:40 C03 D03
0.855+0.145 1:1:10 1:1:10 C04 D04
1:1:20 1:1:15 CO05 D05
1:1:30 1:1:30 C06 D06
3.38 +1.38 <0.71 1:1:10 1:1:10 C07 D07
1:1:15 1:1:15 Co08 D08
1:1:20 1:1:20 C09 D09
0.855+0.145 1:1:10 1:1:10 C10 D10
1:1:15 1:1:15 Cl11 D11
1:1:20 1:1:25 Cl12 D12
7.38 +£2.62 <0.71 1:1:10 - Cl13 -
1:1:15 - Cl4 -
1:1:20 - CI15 -
0.855+0.145 1:1:10 - Cl6 -
1:1:15 - Cl17 -
1:1:20 - C18 -

3. Results and discussion

To facilitate comparison, Table 3 groups all results of
measurements.

3.1. Effect of fiber length and fiber content on thermal
conductivity of specimen

The variation of thermal conductivity for coconut
and durian composite specimens with different fiber
contents (% by mass) and for different fiber lengths is
plotted in Figs. 2 and 3. The thermal conductivity of
porous medium is inversely proportional to the voids in
the specimen. These voids are occurring from packing of
fibers. In general, short fibers are more difficult to align
and pack densely than the longer one [1]. Thus, for a
given fiber content the short fiber length makes a lot of
voids leading, therefore, to low thermal conductivity of
specimen. Also, the thermal conductivity is a close
function of fiber content. Hence, the thermal conduc-
tivity decreased when the quantity of fiber content in-
creases [5,14].

The thermal conductivity of new specimens is in the
range of data reported in [15] on lightweight aggregate
concrete, which varies 0.3-0.6 W/m K for similar den-
sity. This indicates a high and promising potential for
development.

In addition, the more the voids’ ratio, the lighter the
specimen and the lower its thermal conductivity. This
relationship is shown in Fig. 4. It can be assumed that

heat-insulating efficiency of material is opposite to its
density [2].

3.2. Effect of fiber length and fiber content on compressive
strength of specimen

Fiber-based cement products are generally loaded in
compressive strength with regard to construction pur-
pose. During the mixing and casting of the composite,
the rheological properties of mix will naturally depend
on how close the fiber get to each other.

The influence of fiber length is very significant for
straight fibers. Figs. 5 and 6 show the effect of fiber
length and fiber content on compressive strength of
composites for different sizes of sand. The results are
based on 5x5x5 cm® mould. The compressive
strengths are proportional to the fiber length. This ob-
servation agreed with that formulated by Krenchel
[4,16,17] about fiber spacing in specimen.

The compressive strength decreases when the fiber
content increases [4,5]. This is due to the fact that in-
creasing fiber content yields a low density of specimen.
In fact, if the fiber is stiff, then packing of the fiber be-
comes difficult at high fiber content and voids are in-
troduced into the product. Thus, the specimen density
decreases at a greater rate than it would be expected
with more flexible fibers (wood) which are more readily
packed together at high loading [18].

The relationship between the compressive strength
and the density of specimens is shown in Fig. 7. As
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Table 3
Summary of results

Specimen  Thermal conductivity Bulk density Compressive

(code) (W/m K) (kg/m?) strength (MPa)
Co1 0.6544 1410 4.71
C02 0.2543 959 2.46
C03 0.1903 864 1.81
C04 0.6631 1400 6.07
C05 0.2802 1062 3.16
C06 0.1753 770 1.97
Co07 0.6518 1502 7.96
C08 0.5359 1440 3.61
C09 0.3827 1161 2.90
C10 0.7557 1422 6.89
Cl1 0.5916 1297 4.49
Cl12 0.4293 1106 2.53
Cl13 0.6736 1504 8.52
Cl4 0.5486 1464 6.69
Cl5 0.4687 1239 443
Cl6 0.9333 1561 7.43
C17 0.8056 1462 5.56
C18 0.4613 1129 4.46
D01 0.3506 1456 3.29
D02 0.2874 1346 0.86
D03 0.1751 1315 0
D04 0.3831 1369 3.14
D05 0.2746 1202 0.78
D06 0.1890 950 0.20
D07 0.6369 1709 3.51
D08 0.3731 1536 1.37
D09 0.2806 1350 0.08
D10 0.7961 1832 3.21
D11 0.3616 1461 1.37
D12 0.2524 1180 0.20
1
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Fig. 2. Effect of young coconut fiber content on thermal conductivity
of composites for different fiber lengths and sizes of sand.

expected from previous discussion, the denser is the
specimen, the higher the compressive strength.

3.3. Effect of size of sand on thermal conductivity and
compressive strength

Two sizes of sand commercially available were con-
sidered: <0.71 mm and 0.855 £ 0.145 mm. It was found

0.9
¢ <2mm
% 081 m 338+1.38mm
£ 0.7 — sand <0.71 mm
E 0.6 -~ sand 0.855 + 0.14 mm
% 0.5
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=}
S 03
% 0.2
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0
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Fiber content (% by mass of cement)

Fig. 3. Effect of durian fiber content on thermal conductivity of
composites for different fiber lengths and sizes of sand.
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Fig. 4. Bulk density and thermal conductivity of young coconut and
durian fiber reinforced composites.
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Fig. 5. Compressive strength of composites vs. fiber content for dif-
ferent young coconut fiber lengths and sizes of sand.

that the thermal conductivity of specimen is propor-
tional to the size of sand. For <2 mm fiber length (Figs.
2 and 3 and Table 3), the size of sand is practically
without any effect on the specimen’s thermal conduc-
tivity. When the fiber length increases, the effect be-
comes more significant, namely with 7.38 +£2.62 mm
fiber length.
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Fig. 6. Compressive strength of composites vs. fiber content for dif-
ferent durian fiber lengths and sizes of sand.
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Fig. 7. Compressive strength and bulk density for young coconut and
durian fiber reinforced composites with different sizes of sand.

With sand size <0.71 mm, the thermal conductivity of
sample is lower than that with 0.855 4 0.145 mm. In
fact, fine sand can insert into matrix between fibers. The
result is that fibers are aligned to be distant from each
other. Therefore, it creates voids and gets low density
and low thermal conductivity. The opposite is true with
the other size of sand.

The size of sand is significant to the structure of
specimen. Figs. 5 and 6 and Table 3 indicate that the
compressive strength is fairly dependent on the size of
sand. It seems that increasing the size of sand decreases

Table 4
Comparison between new materials and mortar

the compressive strength of specimen except with <2
and 3.38 £ 1.38 mm (at 15% fiber length) young coconut
fiber length. This effect, therefore, needs to be investi-
gated again as the difference between the two sizes of
sand used here is rather small.

4. Conclusion

The experimental investigation on the possibility of
utilization of coconut (C. nucifera) and durian (D. zib-
ethinus) fibers to reduce the thermal conductivity of
mortar to construct wall and other building components
showed that it is a very interesting option. The investi-
gation reveals that the addition of these fibers can re-
duce the thermal conductivity of sample and yield a
lightweight. The optimum ratio of young coconut fiber
component is 20% of cement while that of durian fiber is
10% of cement. For both composites, the optimum fiber
length is <2 mm and the size of sand is <0.71 mm. The
coconut specimen gets thermal conductivity of 0.2543
W/m K, a compressive strength of about 2.4 MPa (when
incubated in water for 10 days) and bulk density of
about 958 kg/m3. The durian specimen properties are as
follows: thermal conductivity of 0.3506 W/m K, com-
pressive strength of about 3.3 MPa (incubate in water
for 10 days) and bulk density of 1456 kg/m?.

When compared to standards of the common con-
struction material “mortar”, Table 4, we can conclude
that fruit peel fiber mortar advantages are follows:

1. The thermal conductivity of young coconut and duri-
an fiber cements is lower than common mortar by
about 85% and 79%, respectively. Therefore, it could
be used to prevent heat transfer into building and
therefore to save energy.

2. The compressive strengths of these fiber-mortars are
less than mortar, but are still in the standard range
for hollow non-load bearing concrete masonry units
(2 Mpa ; ASTM C 109/C 109-95). Therefore, it is pos-
sible to construct wall, ceiling and roofing of housing.

3. The bulk densities of coconut fiber and durian fiber
are lower than mortar by 52% and 27%. Hence, it is
also convenient to deliver.

Properties Mortar Fiber-cement Standards for buildings
Cement:2.75 Sand:Water (0.6 W/C ratio)  Coconut fiber (C02) Durian fiber (D01)

Thermal conductivity (W/m K) 1.6452 0.2543 0.3506 JIS R2618

Compressive strength (MPa) 22.0* 2.46* 3.29° ASTM C 109-90

Bulk density (kg/m?) 2000 959 1456 ASTM C 134-94

#Incubate in water for 10 days.
®Incubate in water for 10 and 13 days in air later.
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As they utilize agriculture waste, management of the
waste, especially, of fruit industry which produce mil-
lions of tons of fruit peels annually, will be also
achieved.

It is also envisagable to produce cellulose-cement

sheets as substitutes for a great variety of asbestos-ce-
ment sheets for building boards and cladding panels
[16,18]. In addition we should mention about the good
workability. Fruit fiber mortar is suitable for use in both
developing and industrialized countries. Its properties
are also well-suited to renovation purpose.
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