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Composites have absorption properties, namely the ability to absorb water at a specifq:me. The nature

of absorption is a problem because this can reduce the mechanical strength of composites,

is study aims to

determine the effect of seawater immersion on the impact strength of the composite, The composites used are

made of epoxy resin as matrices and ramie fiber as reinforcement. Variation in the orientation of the fibers is

given, le, continuous and woven fibers. Ramie fiber composites are expected to be able to provide consideration

for the primary raw material for shipbuilding so that the composite is carried out on a scale-scale seawater

immersion to determine the effect of immersion on impact strength, and immersion is carried out for 0, 2, 4, 6, 8
and 10 weeks, Impact strength testing refers to the ASTM D 5942-96 standard. The results obtained show that

the impact strength of unidirectional ramie fiber composites decreased by 30.76% and stronger than ramie’s woven

strength composites which decreased by 17.08%. Still, the impact strength on unidirectional ramie fiber composites

(15014 kJ/m?) is more when compared to ramie woven composites (83.26 kJ/m?),
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1. Introduction

Ramie plant (Boehmeria nivea) is a plant that has a
very high cellulose content, However, until now its use has
only been limited to making cloth and paper. Ramie fiber
can be used for composite materials in many applications
such as the shipyard industry as a substitute for synthetic
fibers. Utilization of composite materials reinforced with
ramie fiber in the seawater environment, especially for
ship applications, has bright potential in the future, It can
empower natural potential by developing ramie fiber as a
shipyard material Ramie fiber has hydrophilic properties
50 that the potential exists for dimensional instability in the
fiber if it is immersed in water for a long time. The reason
is that water will fill the pores of the fiber because of the
chemical bonds in the cellulose fiber molecules. The strong
bond between the fiber and the matrix is an essential factor
for ramie fiber as a reinforcement of composite materials,
The resistance of ramie fiber composites in the seawater
environment has an important role, especially in the

shipping industry . Water absorption in composite materials
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is the ability of composites to absorb water vapor within a
specific time, Water absorption is very influential on weak
interface bonding and decreasing material mechanical
properties,

Resistance to water absorption in natural fiber-
reinforced composites can be improved by modifying the
fiber surface. Decreased mechanical properties of composite
materials due to immersion, occurs because the density and
chemical content absorbed by the specimen will weaken
the bonding of the interface (debonding) and cause the
appearance of micro cracks that have the potential to affect
larger pore sizes. This will cause the energy absorbed
by the test specimen to lessen and affect the decreasing
mechanical properties of the composite material ?. Gibson
states that a composite is a compound of two or more
materials in structural units and has a combining of
properties of the constituent materials. Length of soaking
fiber can cause damage to the binding cells on the surface
of the fiber, The increased mechanical properties which are
directly proportional to the increase in the volume fraction
of the fiber shows that the fiber plays an essential role in

holding the load on the material ¥,
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gle use of composites in marine applications has
been widely carried out. There are two main advantages of
composite polymers than metal materials that are resistant
to the marine environment, especially reducing galvanic
corrosion, and composite polymers h better strength to
weight ratios ®. The use of polymers In marine applications
generally uses resins that cure at room temperature,
thereby reducing fabrication costs. The resin functions as
a binder and protector for the fiber so that it can reduce
the occurrence of blisters @, Although rarely used in marine
applications because of the very high cost and requirements,
epoxy resins are still used for high-performance shipbuilding ™.
Resin epoxy for marine application is a sturdy, permanent,
and waterproof adhesive, This type of epoxy resin adheres
to surfaces that are plunged into the water or regularly
exposed to water. Unlike other forms of resin, it is can even
use in the underwater and it will still cure. Marine epoxy
can be used safely on a number of surfaces including, glass,
metal, and wood ¥ Compared to the other resin, Epoxy is
extremely resistant to moisture, and even some formulations
might be applied underwater. Meanwhile, polyester resin
has less moisture resistance, is considered water-permeable
and can easily fracture
In small boat construction, they are usually using
d carbon fiber as a reinforcement. But in its
fiber is rarely used because of cost factors.
s an additi
corrode metals that come into contact with it in the presence
of water . The use of these fibers is limited, not only because
of the cost but also because

glass fiber
application, car]

Carbon fiber 1 problem because it can

ey cannot withstand much of
the burden in compression. Blistering can ggaur in sea gel
coated laminates, The cause is complicated, and blisters can
occur due to the selection of the materials or because of the
processes used in fabrication .

Ramie fiber (Boehmeria nivea) is a cellulose-based
natural fiber thought to originate from China. The use of
this fiber has been known since 3000 BC, as raw material
for rope and as a mummy wrapper in Egypt. In 1733 the
ramie plant was introduced to Europe by George Boehmer
of Wittenberg, a German national. About a century after
ramie was introduced in Europe, in 1855, this plant began
to be developed in southern America, and its use was
established as a raw material for clothing in early 1911 11,
Ramie plant is a commodity that needs to be developed.
This commodity, besides producing high-quality natural
fiber, also has by-products of economic value, such as
decertified waste compost and the use of ramie leaves for
animal feed. The new variety of Ramindo 1, previously
known as Pujon 10, has long been developed by farmers

and has proven its superiority both in the community and

research results, Ramindo 1 provides high fiber productivity
(2-2.7 t/lha vear)) with good fiber quality and has extensive
adaptability so that this variety is feasible to be developed
in all types of land '*.

Widiatmoko ™, in his research on ge effect of volume
fraction on the tensile strength of composites, reinforced
waru bast fiber. The results of his studv obtained the lowest
tensile strength value at 5% volume fraction, with a value
of 11973 MPa. And for a 10% volume fraction, an amount of
12997 MPa is obtained. The tensile test results show that
the addition of a volume fraction significantly influences
the tensile strength of composite materials. Based on the
results of the Scanning Electron Microscope (SEM) showing
fiber pullout and voids are the main causes of composite

" conducted research on

failure ¥, In another study, Agung
the effect of time immersion of waru bast fiber (Hibiscus
tiliaceus) on seawater on microstructure and tensile
strength. The results of his study showed that soaking
resulted in the emergence of gaps between sub-fibers and
the longer soaking tensile strength decreased. Maximum
tensile strengthgig obtained by immersion for two hours at
48.35 kgz’mm“.qne use of natural fibers as reinforcement
has not been widely applied to structural parts that carry
external loads, especially for shipping applications ),

In this study, researchers used ramie fiber as a
composite reinforcing material with epoxy resin as a
matrix, then empirically analyzed the impact strength, The
results of this study are expected to be considered as the
main material for shipbuilding,

2. Experimental (or Procedures)

Composite material for test specimens was made
using hand lay-up techniques combined with compression
molding with variations in fiber orientation, i.e., continucus
unidirectional ramie fiber, and woven ramie, as shown in
Fig. 1. As a matrix used “Eposchon™ epoxy resin produced
by PT Justus Kimiaraya, Fig. 2.

Composite specimens in the form of panels with a
size of 28 cm x 28 cm, with a matrix ratio of 60% resin
and 40% hardener and reinforcement fibers with a weight
equivalent to 5 ply woven fibers with dimensions of 25 cm x
25 cm and ply thickness 0.8 mm with average weight 85 g,
which were made at the Applied Mechanics Laboratory,
Hasanuddin University,

The process of making a specimen, using a mold
made of steel (Fig. 3) with a pressure tool with 20 tons
strength, The dies process is carried out for 8 hours 8 h,
according to the epoxy resin curing time (Fig. 4). The
process of making the specimen panel is based on the

weight fraction where the weight of the fiber used for a
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(b)

Fig. 1 (a) unidirectional fiber; (b) ramie woven

i

Fig.2 Resin epoxy

Fig. 4 (a) Making specimen; (b) Pressing process

Fig. 5 Seawater immersion process
Fig. 3 Pressurized composite mold

Sangkarrang District, Makassar, for 2, 4, 6, 8, and 10 weeks

panel (unidirectional fiber and woven ramie) is the same, is (Fig. 5).

the same amount of 925 g. Specimens that have been immersed are then
Before the seawater immersion process, the weight weighed and followed by post curing for 2 h at 110°C, The

of the composite panel was weighed. The seawater test specimens are then formed according to ASTM D

immersion process was carried out on Barranglompo Island, 5942-96 standards. (Figs. 6 and 7)
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Fig. 6 Impact test specimens refer to ASTM D 5942-96

Fig. 7 Typical rupture of impact testing specimen; (a)
Uridirectional, (b) Ramie woven
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3. Results and Discussion

Table 1 shows the Impact test results for composites
reinforced unidirectional ramie fiber.

Seawater immersion can significantly cause
mechanical strength degradation in composite materials,
After experiencing seawater immersion for ten weeks, there
was a 30.76% decrease in strength in the unidirectional
ramie fiber composites material. This decline is possibly due
to the weathering of the fiber by the seawater environment,
Weathering can occur due to porosity and the release
of bonds between fibers and matrices. While the impact
strength test results for the ramie woven composite can
be seen in Table 1, there was a decrease in the impact
strength on the ramie woven composite up to the 10th
week by 1708%. It can be seen that the impact of strength
degradation in ramie woven, the decrease is not as sharp
when compared to unidirectional ramie fiber composite,

Fig. 8 shows the correlation between immersion
time and impact strength on unidirectional ramie fiber
composites and ramie Woven composites,

Fig. 8 shows that the impact strength value for
unidirectional fibers is higher than woven fibers. But when
viewed from the impact strength degradation, up to the
10th week there was a significant decrease in unidirectional
fiber, in contrast to woven ramie whose strength tends,
This finding is consistent with that of Won et al. (2014) ™,
who states the low impact strength is affected by fiber
orientation. Fibers that are perpendicular to the direction
of impact have a higher strength than parallel fibers.
The higher impact strength on unidirectional ramie fiber
composites than to ramie woven composite occurs due to
better interface adhesion between fibers with epoxy resins.
The increase in interface adhesion occurs due to reduced
infiltration and fibrillation effect, resulting in epoxy resin
quickly penetrating the fiber structure, The phenomenon
has an impact on increasing the surface contact area with
the matrix so that it requires higher energy in the fracture
process, Besides, the ramie woven in the manufacturing
process has undergone chemical treatment resulting in a
decrease in the value of strength,

SEM analyses and observations were also carried out
in this study (Figs. 9 and 10}, In Fig. 9 show the bonding
interface of the fiber and the matrix at 2 weeks looks more
robust than 10 weeks. This can be seen from the still many

Table 1 The Charpy impact test results for ramie fiber composites (5 samples)

Impact toughness Immersion time (weeks)

(kJ/m?) 0 2 4 [} 8 10
Unidirectional 216.84 + 4788 19044 + 2018 18573 = 715 180,70 + 1000 16399 + 20.89 15014 + 808
Ramie woven 10041 = 6.01 8812 = 297 85,57 = 1063 104.00 = 506 9481 = 414 83.26 = 6.26
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Fig 9 Seawater immersion for 2 weeks: (a) unidirectional ramie
fiber; (b) Ramie woven

matrix fragments that are still attached along the surface
of the fiber. This sturdy bond is no longer wisible for 10-
week Immersion specimens, where the surface of the fibers
looks cleaner from the attached matrix. This indicates that
the bonding between the fibers and the matrices is being
pulled out or has been pulled out completely. From the fiber
fracture, it was also seen that the fiber which had been
immersed for two weeks was still resilient as seen from
uneven splits. On the other hand, the fracture of the fibers

(a)
pullout

i /

—

frpcl.u. ; =

Fig. 10 Seawater immersion for 10 weeks: (a) unidirectional ramie
fiber; (b) Ramie woven

at the 10-week immersion tends to be flat showing that the
fiber has been brittle,

4. Conclusion

I)A higher impact strength value was obtained in

unidirectional ramie fiber composites (15014 kJ/m?)

compared to ramie woven compoggies (83.26 kJ/m?).
2)The length of immersion can Eect the mechanical
strength of the composite. The longer the immersion
of a composite, the impact strength tends to decrease
However, when viewed from the percentage of impact
strength degradation, ramie woven composite is lower at
1708% compared to unidirectional ramie fiber composite
at 30.78%.
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