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The Characterization of Unidirectional and Woven Water Hyacinth Fiber 
Reinforced with Epoxy Resin Composites 
 
 
 
 
 
 
ABSTRACT 
 
The high growth of Water Hyacinth/Eichhornia crassipes (WH) led to several 
problems such as ecosystem, irrigation, and sedimentation. Meanwhile, cellulose 
fiber had a potential application in natural fiber composite (NFC). This study aims 
to investigate the mechanical and physical properties of unidirectional WH and 
woven fiber reinforced epoxy resin composites. The WH fiber was obtained from a 
mechanically processed WH plant, in which 15 %, 25 % and 35 % of unidirectional 
WH and woven fiber were manufactured through the hand lay-up method. The 
tensile and impact test were carried out based on ASTM D3039 and A370 
respectively, while the density of composites was tested based on the Archimedes 
rule. The results of this study showed that the tested specimens increased in % wt. 
with a reduction in tensile strength of the WH woven fiber reinforced with epoxy 
resin composites. The % wt. of WH woven fibers was in direct proportion to the 
amount of pore or void between the fibers and matrix, which led to a delamination 
mode fracture. The impact strength of composites was in direct proportion to the % 
wt. of the WH woven fibers. Tensile and impact strength of unidirectional WH fiber 
increase by increasing the % wt. of WH fibers. 
 
Keywords: Composite, Epoxy-resin, Water Hyacinth, Woven fiber. 
 
1. INTRODUCTION 

Natural fibers are a useful class of materials that are environmentally clean, 
renewable, and biodegradable resources. They are also used in manufacturing 
natural fiber composites with advantages which include low impact on the 
environment, renewability, inexpensive and easily degraded [1-4]. However, the 
use of natural fibers as a reinforcement of composites is still experiencing several 
problems such as, low mechanical properties, hydrophilic properties, limited 
processing temperatures, low matrix and fiber binding forces that are easily 
degraded [5,6]. Furthermore, studies on the development of natural fiber properties 
were carried out by pretreating or engineering the manufacturing method [7,8]. 

Water hyacinth (Eichhornia crassipes) is a type of aquatic plant that floats on 
the surface of the water. It grows aggressively and was a nuisance on almost all 
continents for more than 100 years. Furthermore, its high population growth led to 
several problems related to ecosystem balance, decreased fish production, loss of 
endemic organisms and sedimentation [9-11]. Numerous studies were carried out 
to utilize water hyacinth plants as absorbers of heavy metals, absorbing dye waste, 
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biofuel and biogas production, composite catalyst and reinforcing composites [12-
19]. 

Based on previous studies, the problem associated with the utilization of WH 
materials for composite reinforcement includes, low mechanical strength, ease of 
water absorption leading to a reduced fiber bond with the matrix and weak 
compatibility of the WH fiber with the polymer matrix [20-22]. The results of this 
study show that for these composites, the mechanical properties were relatively low. 
Although the use of WH fiber as composite reinforcement still requires further 
studies, it has several advantages which include, increased acoustic, damping ability 
and good thermal resistance [23]. 

Furthermore, natural composites, reinforced with WF stem, stem chopped, 
sawdust, and powder were investigated [22, 24-26]. The WH plant extraction 
process affected the mechanical properties of the fiber composite. This process aims 
to separate plant fibers from the wax, pectin, hemicellulose and lignin layers. Also, 
there were several methods used to extract plant fibers from the parent plant, 
namely: immersion, chemical methods or mechanical methods [27]. Therefore, this 
study aims to investigate the mechanical and physical properties of composites 
reinforced with unidirectional and woven WH fibers. 

 
2. MATERIALS AND METHODS 
2.1.  Materials 

The water hyacinth plants used, were obtained from swamps in Tanggul 
Village, Mijen District, Demak Regency, Central Java, Indonesia with 50-70 cm 
length of stems. These plants were mechanically extracted to yield the WF fibers 
(Figure 1). The fiber extraction was carried out by brushing the WH stems using an 
iron brush. Furthermore, 10 strands of the sun-dry WH fibers were twisted to 
produce yarn (Figure 2), which were weaved to produce the WH fiber with 
dimensions of 30 x 40 cm (Figure 3). The webbing was woven with a fiber direction 
of 0/90°, using epoxy Bakelite® EPR 174 and resin hardener V-140 used as a 
matrix and hardener respectively. 

 
2.2. Preparation of Composites 

The hand lay-up method was used to fabricate the unidirectional WH fiber 
and woven fiber reinforced with epoxy-resin composites. This was conducted by 
applying an epoxy-resin matrix to the WH fibers in the mold specimens with a 
paintbrush and roller. Furthermore, the composites were compressed and vacuumed 
to remove voids and obtain a smoothen surface. Waterjet cutting was also used to 
prepare specimens for testing. 
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Figure 1. Water Hyacinth Fibers 

 

 
Figure 2. Water Hyacinth Yarn 

 

 
Figure 3. Water Hyacinth Woven Yarn 

2.3. Characterization of Composites 
The actual density of composites was measured using a densimeter based on 

Archimedes law according to ASTM B311. The theoretical density was calculated 
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based on rules and mixture, while the porosity of the composites was calculated 
based on the actual and theoretical densities. Furthermore, the composite tensile 
and impact test specimens were obtained using variations in the WH fiber 
reinforcement of 0%, 15 %, 25 % and 35 % wt. Table 1 shows the coding of these 
specimens, with 6 of them being tested for each parameter. The tensile test for the 
polymer material (0% reinforcement) was carried out according to the ASTM D638 
standard (Figure 4a). Meanwhile, the tensile test of composites was carried out 
according to the ASTM D3039 standard (Figure 4b). Furthermore, the impact tests 
were carried out through the Charpy methods according to the ASTM D6110 
standard. Figure 5 shows the dimensions and photos of the impact test specimens. 
Scanning Electron Microscopy (SEM) was used to investigate the tensile test 
fracture surface of the composite. 

 

 
a. Dimension of Tensile Test Specimen of Polymer Based on ASTM D638. 

 

 
b. Dimension of Tensile Test Specimen of Composite Based on ASTM 

D3039. 
Figure 4. Dimension of Tensile Test Specimen 

 

 
Figure 5. Dimension of Impact Test Specimen of Composite 

 
Table 1. Specimens testing code 
 
Code Meaning 
E(0) Epoxy – resin, 0 % WH fibers 

E(15) Epoxy – resin, 15 % WH fibers 

E(25) Epoxy – resin, 25 % WH fibers 

E(35) Epoxy – resin, 35 % WH fibers 
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3. RESULTS AND DISCUSSIONS 
The density and porosity test results in Figure 6, shows that both the 

unidirectional and woven composites increased in mass fraction, while 0, 15, 25 
and 35 % wt. increase in the porosity of the composites was observed. Furthermore, 
figure 6 also shows that for the woven fiber composite, there was an increase in 
porosity almost linearly from 0.35% to 13.82% with the addition of 35% fiber. The 
unidirectional WH fiber composite, increased from 15 % to 35 % wt., afterwards, 
the porosity did not increase significantly. Composites woven fibers also provided 
more voids than composites UD fibers. For woven fibers, the voids form inside 
tows, in resin-rich regions or at tow corners, and between plies in composites. 
Meanwhile, for UD fibers, the voids form within and between the plies [28, 29]. 
The difference in the direction of the fibers for the composites woven fiber leads to 
air entrapment and increased porosity. The main source of air entrapment is the 
inhomogeneous fiber architecture, which leads to a non-uniform fiber permeability 
carried out with subsequent local variations in resin velocity [30].  
 

 
Figure 6. Density and Porosity of WH fibers Composites 

 
Figure 7. Photo of Tested specimens 
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Figure 7 shows the specimen after it was tensile tested, with fracture in the 
gauge length area. Figure 8 shows the tensile test results of the woven and 
unidirectional WH fiber composites reinforced with epoxy resin. The tensile 
strength of the woven WH fiber composite was in inverse proportion to the 
percentage of WH fibers in the composite. An increased fiber mass fraction from 0 
to 15%, led to an insignificant decrease in the tensile strength of the composite. 
Furthermore, with a 35% addition, for every 10% increase in fiber mass fraction, 
the tensile strength of the composite decreases by about 11-13%. Composite 
elongation also decreased with the increase in % wt. of WH woven fibers, which 
also showed that its tensile strength was in direct proportion to the percentage 
weight of the WH fiber. This tensile strength increased by approximately 10% as 
the % wt. of WH fibers increased from 15% to 25%. For addition of 35% wt. of 
WH fiber, the tensile strength of composites increased by about 37%. Compared to 
the tensile strength of epoxy resin, the composite tensile strength of 35 % wt. for 
unidirectional WH fiber increased from 41 MPa to 60 MPa or by about 46 %. 
Furthermore, the lowest composite tensile strength for WH fibers in this study was 
30 MPa for woven WH fibers composites containing 35% wt. This result was higher 
than that of Saputra et al., which discovered that the highest tensile strength was 
28.36 MPa [31]. Figure 9 shows the specific tensile strength of composites, which 
shows that there were no significant differences in the tensile strengths of WH 
woven fibers composites. Furthermore, reinforcement by WH fibers compensates 
for the decreasing tensile strength of the composite from porosity. The UD WH 
fiber composites of 35 % wt., increases in specific tensile strength by about 60 %, 
which means that, it is in direct proportion with the specific tensile strength of 
composites.   

 

 
Figure 8. Tensile strength and elongation WH Fibers Reinforced Epoxy-Resin 
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The single fiber of water hyacinth has a tensile strength of around 105 - 313 

MPa [32]. The results of the tensile test show that woven water hyacinth did not 
provide an effect of increasing strength on uniaxial tensile loads. Furthermore, the 
increased mass percentage of the WH reinforcing fibers led to increased composite 
porosity. A larger volume of woven reinforcing fibers leads to an increase in voids 
[30, 33], due to the pores being trapped causing a void between the matrix and fibers 
[34]. Voids of composite produce stress concentration on the matrix. For the 
longitudinal fibers, voids lead to the potential change in stress transfer and 
redistribution and the cracking of the transverse plies [28]. The voids between fiber 
and matrix lead to a fiber pull-out fracture as shown in Figure 11a, 11b and 11c.  

Composites had an increased tensile strength due to the unidirectional 
properties of the WH fiber. Additionally, an increase in the percentage weight of 
these fiber composites also improves tensile strength. This is coherent with the 
density and porosity test results in Figure 6, which shows that the composites with 
directional woven fiber exhibited a significant increase in porosity as the fiber 
percentage weight is increased. The porosity of UD WH fiber composites remained 
constant as the weight percentage of WH fibers increased. Hence, composites with 
directional woven fiber increased in % wt. and porosity significantly.  

 

 
Figure 9. Tensile strength specific of WH Fiber Reinforced with Epoxy-Resin 

 
Figure 10 shows the impact strength of WH fiber reinforced with epoxy-resin. 

This composite strength was in direct proportion to WH fiber rise of % wt. 
Furthermore, the interface strength between the woven WH fiber and epoxy - resin 
matrix contributes to the transfer load from the matrix fiber. This characteristic 
allows the WH fiber composites to absorb more energy. The fiber flexibility that 
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slides out of the matrix did not break but increased the energy needed to rupture the 
specimen [35]. 

 

 
Figure 10. Impact Strength of Composites WH Fibers reinforced Epoxy-Resin 

 
 

  
a. d. 

  
b. e. 
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c. f. 

Figure 11. SEM Micrograph Surface Fracture of Composites WH Fibers 
reinforced Epoxy-Resin 

 
Furthermore, the SEM photomicrographs of the fracture surface were used to 

analyze the WH fiber and matrix adhesion in the composites. The cross-section of 
these tensile-tested specimens was selected for analysis. Figure 11.a – 11.f shows 
the fracture surface SEM images of the WH fiber-reinforced epoxy resin composite. 
Meanwhile, figure 11.a, 11.b and 11.c shows the samples with 15, 25, 35 % of WH 
woven fiber. Figure 11.d, 11.e and 11.f shows the composite with 15, 25, 35 % of 
UD WH fiber. From the fractographic examinations by SEM, the fracture behavior 
of composite was brittle. Some pores, which originated from the fiber pull-out 
phenomena were found in all cases, while fracture phenomena were also observed 
in the UD WH fiber. SEM images showed that the WH fiber and epoxy resin were 
mechanically bound, however, there was no chemical bonding between the WH 
fiber and epoxy resin. Furthermore, similar natural fiber and polymer adhesion were 
experimented with and discussed within natural fiber-reinforced plastic composites 
[36,37]. For this reason, the mechanical properties of UD WH fiber epoxy resin 
composites had a 60% increase. 

 
 
CONCLUSION 
Increasing the % wt. of the WH woven fibers decreased the tensile strength of the 
epoxy resin composites. Furthermore, the % wt. of WH woven fibers was in direct 
proportion to the number of pores or voids between the fibers and matrix which led 
to a delamination mode fracture. The rise of % wt. of fibers increases the tensile 
and impact strength of unidirectional WH fibers epoxy resin composite. The 
utilization of WH fibers obtained an increased effective reinforcement. The impact 
strength of composites was in direct proportion to the rise of % wt. of WH woven 
fibers. The mechanical properties of unidirectional WH fiber higher than 
mechanical properties of woven WH fiber composite. 
 
 
 
 
 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 



ACKNOWLEDGMENT 
The authors express gratitude to the Ministry of Education and Culture of the 
Republic of Indonesia. This study was funded under the PDUPT study grant, with 
the contract number: 225-108/UN7.6.1/PP/2021. 
 
 
References 
[1] C. Elanchezhian, B. Vijaya Ramnath,  G. Ramakrishnan,  M. 

Rajendrakumar, V. Naveenkumar, M.K. Saravanakumar, 2018, Review on 
mechanical properties of natural fiber composites. Materials Today, 
Proceedings 5, 1785–1790.  

[2] S. Siengchin, 2017. Editorial corner–a personal view Potential use 
of’green’composites in automotive applications. eXPRESS Polymer Letters, 
Vol. 11(8), 600-600. 

[3] M. Sanjay, P. Madhu, M. Jawaid, P. Senthamaraikannan, S. Senthil, S. 
Pradeep, 2018, Characterization and properties of natural fiber polymer 
composites: A comprehensive review. Journal of Cleaner Production, 172, 
566–581.  

[4] Sanjay MR and S. Siengchin (2018). Natural fibers as perspective materials. 
KMUTNB: International Journal of Applied Science and Technology, 11, 
233. 

[5] M. Jawaid and H.P.S. Khalil (2011). Cellulosic/synthetic fibre reinforced 
polymer hybrid composites: A review. Carbohydrate Polymers, 86(1), 1–
18. 

[6] O. Faruk, A.K. Bledzki, H.P. Fink, M. Sain (2012) Biocomposites 
reinforced with natural fibers: 2000–2010, Progress in Polymer Science, 37, 
1552– 159. 

[7] M.R. Sanjay, Suchart Siengchin, Jyotishkumar Parameswaranpillai, 
Mohammad Jawaid, Catalin Iulian Pruncu, Anish Khan (2019), A 
comprehensive review of techniques for natural fibers as reinforcement in 
composites: Preparation, processing and characterization. Carbohydrate 
Polymers, 207, 108–121.  

[8] Raveendran Sindhu, Parameswaran Binod, Ashok Pandey, Aravind 
Madhavan, Jose Anju Alphonsa, Narisetty Vivek, Edgard Gnansounou, 
Eulogio Castro, Vincenza Faraco (2017) Water hyacinth a potential source 
for value addition: an overview. Bioresource Technology, 230, 152-162.  

[9] N Hidayati, T.R. Soeprobowati, M Helmi (2018), The evaluation of water 
hyacinth (Eichhornia crassiper) control program in Rawapening Lake, 
Central Java Indonesia, IOP Conf. Series: Earth and Environmental 
Science, 142, 1-5. 

[10] R Teygeler (2000), Water hyacinth paper. Contribution to a sustainable 
future, Paper and Water.,168-188. 

[11] A. K. Choudhary, H. Chelladurai, C. Kannan (2015) Optimization of 
combustion performance of bioethanol (water hyacinth) diesel blends on 
diesel engine using response surface methodology. Arabian Journal for 
Science and Engineering, 40, 3675−3695. 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 



[12] Akhilesh Kumar Choudhary, H Chelladurai, Hitesh Panchal (2015) 
Optimization of combustion performance of bioethanol (water hyacinth) 
diesel blends on diesel engine using response surface methodology. Arabian 
Journal for Science and Engineering, 40, 3675−3695. 

[13] Jing Gao 1, Li Chen, Zongcheng Yan, Lin Wang (2013) Effect of ionic 
liquid pretreatment on the composition, structure and biogas production of 
water hyacinth (Eichhornia cassipes). Bioresource Technology. 132, 
361−364. 

[14] Ankur Gupta and Chandrajit Balomajumder (2015) Removal of Cr(VI) and 
phenol using water hyacinth from single and binary solution in the artificial 
photosynthesis chamber. Journal of Water Process Engineering. 7, 74−82. 

[15] Seema Rani, Kaur Sumanjit, R. K. Mahajan (2015) Comparative study of 
surface modified carbonized Eichhornia crassipes for adsorption of dye 
safranin. Separation Science and Technology. 50, 2436−2477. 

[16] Tamara E Romanova, Olga V Shuvaeva, Ludmila A Belchenko (2016) 
Phytoextraction of trace elements by water hyacinth in contaminated area of 
gold mine tailing. International Journal of Phytoremediation. 18 (2), 
190−194. 

[17] K.L. Pickering, M.G. Aruan Efendy, T.M. Le (2016) A review of recent 
developments in natural fibre composites and their mechanical 
performance, Composites: Part A, 83, 98–112. 

[18] Raveendran Sindhu, Parameswaran Binod, Ashok Pandey, Aravind 
Madhavan, Jose Anju Alphonsa, Narisetty Vivek, Edgard Gnansounou, 
Eulogio Castro, Vincenza Faraco (2017) Water hyacinth a potential source 
for value addition: an overview. Bioresource Technology, 230, 152-162. 

[19] Osman Ahmed Zelekew, Paulos Asefa Fufa, Fedlu Kedir Sabir, Alemayehu 
Dubale Duma (2021) Water hyacinth plant extract mediated green synthesis 
of Cr2O3/ZnO composite photocatalyst for the degradation of organic dye, 
Heliyon 7, e07562. 

[20] H. Abral, D. Kadriadi, A. Rodianus, P. Mastariyanto, lhamdi, S. Arief, S.M. 
Sapuan, M.R. Ishak (2014) Mechanical properties of water hyacinth fibers 
– polyester composites before and after immersion in water. Materials and 
Design. 58, 125–129. 

[21] S. J. Tan, A. G. Supri, K. M. Chong (2015) Properties of recycled high-
density polyethylene/water hyacinth fiber composites: Effect of different 
concentration of compatibilizer. Polymer Bulletin. 72, 2019−2031.  

[22] S. J. Tan and A. G. Supri (2016). Properties of low-density 
polyethylene/natural rubber/water hyacinth fiber composites: the effect of 
alkaline treatment. Polymer Bulletin, 73(2), 539–557. 

[23] Hairul Abral, Maro Hagabean Dalimunthe, Joko Hartono, Rice Putra 
Efendi, Mochamad Asrofi, Eni Sugiarti, S. M. Sapuan, Ji-Won Park, Hyun-
Joong Kim (2018), Characterization of tapioca starch biopolymer 
composites reinforced with micro scale water hyacinth fibers. Starch - 
Stärke, 70(7-8). 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 



[24] Sulardjaka, D. Widhata, R. Ismail, (2020), Development of Water Hyacinth 
(Eceng Gondok) as Fibre Reinforcement Composite for Prosthetics Socket, 
AIP Conference Proceedings 2262, 060013. 

[25] N. Flores Ramirez, Y. Sanchez Hernandez, J. Cruz de Leon, S.R. Vasquez 
Garcia, L. Domratcheva Lvova, L. Garcia Gonzalez (2015) Composites 
from Water Hyacinth (eichhornea crassipe) and polyester resin, Fibers and 
Polymers, Vol.16(1), 196-200. 

[26] M. Asrofi, H. Abral, A. Kasim, A. Pratoto, M. Mahardika, M., F. 
Hafizulhaq, (2018), Mechanical Properties of a Water Hyacinth Nanofiber 
Cellulose Reinforced Thermoplastic Starch Bionanocomposite: Effect of 
Ultrasonic Vibration during Processing, Fibers, Vol. 6(40). 

[27] Chonsakorn, S., Srivorradatpaisan, S., Mongkholrattanasit, R., (2018) 
Effects of different extraction methods on some properties of water hyacinth 
fiber, Journal of Natural Fibers, Volume 16 (7), pp: 1015-1025. 

[28] Mahoor Mehdikhani, Larissa Gorbatikh, Ignaas Verpoest, and Stepan V 
Lomov, 2019, Voids in fiber-reinforced polymer composites: A review on 
their formation, characteristics, and effects on mechanical performance, 
Journal of Composite Materials, Vol. 53(12) 1579–1669. 

[29] Nikishkov Y, Airoldi L, Makeev A. Measurement of voids in composites by 
X-ray Computed Tomography. Compos Sci Technol 2013; 89: 89–97. 

[30] Kang MK, Lee WI, Hahn HT. Formation of micro-voids during resin-
transfer molding process. Compos Sci. Technol 2000; 60: 2427–2434. 

[31] Asep Handaya Saputra, Arinta Difandra, Alia Badra Pitaloka (2013), The 
Effect of Surface Treatment on Composites of Water Hyacinth, Advanced 
Materials Research Vol 651, 480-485. 

[32] Sulardjaka, Sri Nugroho, Rifky Ismail (2020), Enhancing the Strength of 
Mechanical Properties of Natural Fiber Composites Using Water Hyacinth 
Fiber: A Review, Teknik, 41 (1), 27-39. 

[33] Santhanam V, Dhanaraj R, Chandrasekaran M, Venkateshwaran N, Baskar 
S (2021), Experimental investigation on the mechanical properties of woven 
hybrid fiber reinforced epoxy composite, Materials Today: Proceedings 
Vol: 37, Issue: Part 2, Page: 1850-1853. 

[34] Marton Kardos, Enrico Körner, Dayakar Penumadu, Niels Modler (2020), 
The influence of fiber volume fraction and fiber length on the evolution of 
pore content and the paintability of sheet molding compounds, Composites 
Part B 185, 107760. 

[35] Barcelos, M.A. (2014), impact tests in polyester matrix composites 
reinforced with continuous curaua fiber, 21º CBECIMAT - Congresso 
Brasileiro de Engenharia e Ciência dos Materiais, 09 - 13 de Novembro de 
2014, Cuiabá, MT, Brasil. 

[36] Md. Farhad Ali, Md. Sahadat Hossain, Samina Ahmed, A.M. Sarwaruddin 
Chowdhury (2021) Fabrication and characterization of eco-friendly 
composite materials from natural animal fibers, Heliyon (7) e06954. 

[37] M. Sanjay, S. Siengchin, J. Parameswaranpillai, M. Jawaid, C.I. Pruncu, A. 
Khan (2019) A comprehensive review of techniques for natural fibers as 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 



reinforcement in composites: preparation, processing and characterization, 
undefined, Carbohydrate Polymers 207, pp: 108 – 121.  

 
 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 



Table Click here to access/download;Table;Table 1.jpg

https://www.editorialmanager.com/heliyon/download.aspx?id=922623&guid=f9d9e474-1dbc-4f90-b72e-29498b013483&scheme=1
https://www.editorialmanager.com/heliyon/download.aspx?id=922623&guid=f9d9e474-1dbc-4f90-b72e-29498b013483&scheme=1


Decision on submission HELIYON-D-22-00395 to Heliyon

em.heliyon.0.7a1e6e.381f4a64@editorialmanager.com <em.heliyon.0.7a1e6e.381f4a64@editorialmanager.com>
on behalf of
Heliyon <em@editorialmanager.com>
Mon 21/03/2022 14:53

To: Sulardjaka <sulardjaka@lecturer.undip.ac.id>

Manuscript. Number.: HELIYON-D-22-00395

Title: The Characterization of Unidirectional and Woven Water Hyacinth Fiber Reinforced with Epoxy Resin Composites

Journal: Heliyon

Dear Dr. Sulardjaka,

Thank you for submitting your manuscript to Heliyon. We have completed the review of your manuscript and a summary is appended below. The reviewers recommend major revisions are required before publication can be
considered.If you are able to address all reviewer comments in full, I invite you to resubmit your manuscript. We ask that you respond to each reviewer comment by either outlining how the criticism was addressed in the revised
manuscript or by providing a rebuttal to the criticism.

This should be carried out in a point-by-point fashion as illustrated here: https://www.cell.com/heliyon/guide-for-authors#Revisions.

To allow the editors and reviewers to easily assess your revised manuscript, we also ask that you upload a version of your manuscript highlighting any revisions made. You may wish to use Microsoft Word's Track Changes tool or, for
LaTeX files, the latexdiff Perl script (https://ctan.org/pkg/latexdiff).To submit your revised manuscript, please log in as an author at https://www.editorialmanager.com/heliyon/, and navigate to the "Submissions Needing Revision"
folder.

Your revision due date is Apr 30, 2022.We understand that the COVID-19 pandemic may well be causing disruption for you and your colleagues. If that is the case for you and it has an impact on your ability to make revisions to
address the concerns that came up in the review process, please reach out to us. I look forward to receiving your revised manuscript.

 

Kind regards,     

Pierre Dumont   

Associate Editor - Materials Science  

Heliyon

Editor and Reviewer comments:

 

Reviewer 1: Abstract

1- The results of this study showed that the tested specimens showed an increase in % wt. of fiber content with a reduction in the tensile strength of the WH woven fiber reinforced with epoxy resin composites.
The impact strength of composites was in direct proportion to the %wt. of the WH woven fibers.
- Please describe clearly and straight to point these two results, which loading and what are the optimized results obtained?

2- Please also mention the novelty of this study and the important applications of this study based on the WH use.

Methodology
3- The methodology is not clear. The authors should mention the studied wt.% of WH in the abstract and in the preparation of composites, rather than in the characterization of composites (Table 1).

4- I am not sure if this is correct to use different standards to analyse the composites sample. As mentioned by the authors: the pure polymer was analysed using ASTM D 638, while the composites was analysed using ASTM D 3039.
Please revise if needed. I think that the authors just need to revise the sentence rather than planning to make a new sample as per revised standard.

5- Different standard would give different interpretation for material itself. It is not comparable.

6- As a researcher in materials, authors must concern on the used standard. ASTMD 638 is for thermoplastic. Is it logic for the authors to cut the brittle epoxy based on that shape ? Unless you have the curved ASTM D 638 mould.
Please advise me, if I missed something.

7- Delete Figure 4 (a)

Results
8- Where are the tensile modulus results ?.

9- Authors need to discuss more details and explain the effect of UD and woven fibre composites, rather than just focus on porosity only.

10- The results on UD and woven shows significant differences on tensile and impact properties: instead of using woven reinforcement better use UD, less time and cost to weave the fibre. Please discuss also.

11- The impact energy relates to energy absorption. The authors have mentioned in line 53. I thought that woven would present higher impact energy than UD. But it needs to be discussed further.

Conclusions
12- Please mention the significance or novelty of this study.

Reviewer 2: Paper cannot give new results and information.
It is not reasonable the slightly decreasing in tensile strength at 15wt.% of fiber addition in Fig 8.
Some results from Fig.5 are missing in the paper.
Discussions on the results seem poor and shoud be extended.

 

*****

Data in Brief (optional):
We invite you to convert your supplementary data (or a part of it) into an additional journal publication in Data in Brief, a multi-disciplinary open access journal. Data in Brief articles are a fantastic way to describe supplementary
data and associated metadata, or full raw datasets deposited in an external repository, which are otherwise unnoticed. A Data in Brief article (which will be reviewed, formatted, indexed, and given a DOI) will make your data easier to
find, reproduce, and cite.

You can submit to Data in Brief when you upload your revised manuscript. To do so, complete the template and follow the co-submission instructions found here: www.elsevier.com/dib-template. If your manuscript is accepted, your
Data in Brief submission will automatically be transferred to Data in Brief for editorial review and publication.

Please note: an open access Article Publication Charge (APC) is payable by the author or research funder to cover the costs associated with publication in Data in Brief and ensure your data article is immediately and permanently
free to access by all. For the current APC see: www.elsevier.com/journals/data-in-brief/2352-3409/open-access-journal

Please contact the Data in Brief editorial office at dib-me@elsevier.com or visit the Data in Brief homepage (www.journals.elsevier.com/data-in-brief/) if you have questions or need further information.

More information and support FAQ: 

How do I revise my submission in Editorial Manager? 

https://service.elsevier.com/app/answers/detail/a_id/28463/supporthub/publishing/ 

You will find information relevant for you as an author on Elsevier’s Author Hub: https://www.elsevier.com/authors 

FAQ: How can I reset a forgotten password?
https://service.elsevier.com/app/answers/detail/a_id/28452/supporthub/publishing/
For further assistance, please visit our customer service site: https://service.elsevier.com/app/home/supporthub/publishing/
Here you can search for solutions on a range of topics, find answers to frequently asked questions, and learn more about Editorial Manager via interactive tutorials. You can also talk 24/7 to our customer support team by phone and
24/7 by live chat and email 

#AU_HELIYON#



To ensure this email reaches the intended recipient, please do not delete the above code

In compliance with data protection regulations, you may request that we remove your personal registration details at any time. (Remove my information/details). Please contact the publication office if you have any questions.

https://www.editorialmanager.com/heliyon/login.asp?a=r


Reviewer 1:  
Abstract 
1. The results of this study showed that the tested specimens showed an increase 

in % wt. of fiber content with a reduction in the tensile strength of the WH 
woven fiber reinforced with epoxy resin composites.  
The impact strength of composites was in direct proportion to the %wt. of the 
WH woven fibers. 
Please describe clearly and straight to point these two results, which loading 
and what are the optimized results obtained? 

 Answer: 
Thank you very much for your suggestion. We agree with your suggestion. We 
have improved the abstract.  (Write by blue ink) 

 
2. Please also mention the novelty of this study and the important applications of 

this study based on the WH use. 
Answer: 
Thank you very much for your suggestion. We agree with your suggestion. We 
have improved the abstract.  (Write by blue ink) 

 
Methodology 
3. The methodology is not clear. The authors should mention the studied wt.% of 

WH in the abstract and in the preparation of composites, rather than in the 
characterization of composites (Table 1). 
Answer: 
Thank you very much for your suggestion. We agree with your suggestion. We 
have improved the abstract and methodology.  (Write by blue ink) 

 
4. I am not sure if this is correct to use different standards to analyse the 

composites sample. As mentioned by the authors: the pure polymer was 
analysed using ASTM D 638, while the composites was analysed using ASTM 
D 3039. Please revise if needed. I think that the authors just need to revise the 
sentence rather than planning to make a new sample as per revised standard. 
Answer: 
Thank you very much for your suggestion. We agree with your suggestion. We 
have corrected the methodology.  (Write by blue ink) 
 

5. Different standard would give different interpretation for material itself. It is 
not comparable. 
Answer: 
Thank you very much for your suggestion. We agree with your suggestion. We 
have corrected the methodology.  (Write by blue ink) 

 
6. As a researcher in materials, authors must concern on the used standard. 

ASTMD 638 is for thermoplastic. Is it logic for the authors to cut the brittle 
epoxy based on that shape ? Unless you have the curved ASTM D 638 mould. 
Please advise me, if I missed something. 
Answer: 
Thank you very much for your suggestion. In this research is ASTM D 638 
specimens were manufactured used specimen mould. The specimen prepared 
without cutting the epoxy resin. 



 
7. Delete Figure 4 (a) 

Answer: 
Thank you very much for your suggestion. Figure 4 (a) was deleted.  

 
Results 
8. Where are the tensile modulus results ? 

Answer: 
We don't show the tensile modulus results because our extensometer is broken, 
we didn’t measure elastic elongation using extensometer. In my opinion, 
calculated tensile modulus based on stress and strain curve does not produce 
accurate tensile modulus values.  
 

9. Authors need to discuss more details and explain the effect of UD and woven 
fibre composites, rather than just focus on porosity only. 
Answer: 
Thank you very much for your suggestion. We added more details the effect of 
UD and woven fiber composite in the discussion. (Write in blue ink) 

 
10. The results on UD and woven shows significant differences on tensile and 

impact properties: instead of using woven reinforcement better use UD, less 
time and cost to weave the fibre. Please discuss also. 
Answer: 
Thank you very much for your suggestion. In this study, composites with WH 
woven fiber reinforcement produced high porosity, this resulted in low 
mechanical properties. Composites with woven fiber reinforcement will 
provide better mechanical properties, when subjected to a 2-axis load. 
However, in this study, mechanical characterization has not been carried out 
when the composite is loaded off the axis. 

 
11. The impact energy relates to energy absorption. The authors have mentioned 

in line 53. I thought that woven would present higher impact energy than UD. 
But it needs to be discussed further. 
Answer: 
Thank you very much for your suggestion. We agree with your suggestion. We 
have corrected the discution of impact test result. (Write in blue ink)   
 

Conclusions 
12. Please mention the significance or novelty of this study. 

Answer: 
Thank you very much for your suggestion. We agree with your suggestion. 
We have improved conclusion to mention the significance or novelty of this 
study of impact test result. (Write in blue ink) 

 
 
 
 
 
 
 



Reviewer 2:  
Paper cannot give new results and information. 
It is not reasonable the slightly decreasing in tensile strength at 15wt.% of fiber 
addition in Fig 8. 
Some results from Fig.5 are missing in the paper. 
Discussions on the results seem poor and shoud be extended. 
Answer: 
Thank you very much for your suggestion.  
1. The purpose of this research is to investigate at the mechanical (tensille and 

impact) and physical (density) properties of unidirectional WH and woven 
fiber reinforced epoxy resin composites in variation of wt. of WH fibers. 
Previous researches on the use of water hyacinth fiber as reinforcement 
composite still uses WH in the form of stem, stem chopped, sawdust, and 
powder. We have not found research has been found that uses water hyacinth 
in the form of fiber or woven fibers. 

2. The tensile strength of water hyacinth fiber about 105 MPa, the presence of 
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The Characterization of Unidirectional and Woven Water Hyacinth Fiber 
Reinforced with Epoxy Resin Composites 
 
 
 
 
ABSTRACT 
 
The high growth of Water Hyacinth/Eichhornia crassipes (WH) led to several 
problems such as ecosystem, irrigation, and sedimentation. The rapid growth of 
water hyacinth in natural rivers, reservoir, lake and canals causes drainage problems 
in many nations. As a result, local offices must spend significant annual budgets to 
dispose of water hyacinth wastes. Meanwhile, cellulose fiber from WH had a 
potential application in natural fiber composite (NFC). This study investigated the 
development and use of water hyacinth wastes for the production of unidirectional 
dan weaved fiber epoxy resin composites. The purpose of this research is to 
investigate at the mechanical and physical properties of unidirectional WH and 
woven fiber reinforced epoxy resin composites in variation of 0 % wt., 15 % wt., 
25 % wt. and 35 % wt. of WH fibers. The WH fiber was obtained from a 
mechanically processed WH plants. The composites were manufactured through 
the hand lay-up method. The tensile and impact tests were carried out based on 
ASTM D3039 and ASTM D6110 respectively, while the density of composites was 
tested based on the Archimedes rule. The results of this study showed that 
increasing of % wt. of the WH woven fiber, the tensile strength of composite 
decrease. The impact strength of composites increases by the rise of % wt. of the 
WH woven fibers. The % wt. of WH woven fibers was in direct proportion to the 
amount of pore or void between the fibers and matrix, which led to a delamination 
mode fracture. Tensile and impact strength of unidirectional WH fiber increase by 
increasing the % wt. of WH fibers. 
 
Keywords: Composite, Epoxy-resin, Water Hyacinth, Woven fiber, Unidirectional 
fiber. 
 
1. INTRODUCTION 

Natural fibers are a useful class of materials that are environmentally clean, 
renewable, and biodegradable resources. They are also used in manufacturing 
natural fiber composites with advantages which include low impact on the 
environment, renewability, inexpensive and easily degraded [1-4]. However, the 
use of natural fibers as a reinforcement of composites is still experiencing several 
problems such as, low mechanical properties, hydrophilic properties, limited 
processing temperatures, low matrix and fiber binding forces that are easily 
degraded [5,6]. Furthermore, studies on the development of natural fiber properties 
were carried out by pretreating or engineering the manufacturing method [7,8]. 

Water hyacinth (Eichhornia crassipes) is a type of aquatic plant that floats on 
the surface of the water. It grows aggressively and was a nuisance on almost all 
continents for more than 100 years. Furthermore, its high population growth led to 



several problems related to ecosystem balance, decreased fish production, loss of 
endemic organisms and sedimentation [9-11]. Numerous studies were carried out 
to utilize water hyacinth plants as absorbers of heavy metals, absorbing dye waste, 
biofuel and biogas production, composite catalyst and reinforcing composites [12-
19]. 

Based on previous studies, the problem associated with the utilization of WH 
materials for composite reinforcement includes, low mechanical strength, ease of 
water absorption leading to a reduced fiber bond with the matrix and weak 
compatibility of the WH fiber with the polymer matrix [20-22]. The results of this 
study show that for these composites, the mechanical properties were relatively low. 
Although the use of WH fiber as composite reinforcement still requires further 
studies, it has several advantages which include, increased acoustic, damping ability 
and good thermal resistance [23]. 

Previous researches on the use of water hyacinth fiber as reinforcement 
composite still uses WH in the form of stem, stem chopped, sawdust, and powder 
[22, 24-26].  No research has been found that uses water hyacinth in the form of 
fiber or woven fibers. The use of natural fiber as a composite reinforcement, the 
shape of the reinforcement affects the mechanical properties of composite. This 
research uses water hyacinth in the form of fibers, either unidirectional or woven 
fibers. WH fiber can be obtained by extracting WH stem. The WH plant extraction 
process affected the mechanical properties of the fiber composite. This process aims 
to separate plant fibers from the wax, pectin, hemicellulose and lignin layers. Also, 
there were several methods used to extract plant fibers from the parent plant, 
namely: immersion, chemical methods or mechanical methods [27]. Therefore, this 
study aims to investigate the mechanical and physical properties of composites 
reinforced with unidirectional and woven WH fibers. 

 
2. MATERIALS AND METHODS 
2.1.  Materials 

The water hyacinth plants used, were obtained from swamps in Tanggul 
Village, Mijen District, Demak Regency, Central Java, Indonesia with 50-70 cm 
length of stems. These plants were mechanically extracted to yield the WF fibers 
(Figure 1). The fiber extraction was carried out by brushing the WH stems using an 
iron brush. The fiber is then dried in the sun. After that, 10 strands of the dry WH 
fibers were twisted to produce yarn (Figure 2), which were weaved with a yarn 
direction of 0/90° to produce the WH woven with dimensions of 30 x 40 cm (Figure 
3). The natural composite was manufactured using epoxy Bakelite® EPR 174 and 
resin hardener V-140 as a matrix. 

 
2.2. Preparation of Composites 

The hand lay-up method was used to fabricate the unidirectional WH fiber 
composite and woven WH composites. This was conducted by applying an epoxy-
resin matrix to the WH fibers in the mold specimens with dimension of 30 x 40 cm 
using a paintbrush and roller. The composite tensile and impact test specimens were 
manufactured in variations of the WH fiber reinforcement of 0%, 15 %, 25 % and 
35 % wt. The coding of these specimens is shown in Table 1. 



Table 1. Specimens testing code 
Code  Meaning 
E(0)  Epoxy – resin, 0 % WH fibers 

E(15)  Epoxy – resin, 15 % WH fibers 

E(25)  Epoxy – resin, 25 % WH fibers 

E(35)  Epoxy – resin, 35 % WH fibers 
 

Afterward, the composites were compressed and vacuumed to remove voids 
and obtain a smoothen surface. After removing the produced composite specimen 
from the mold, specimens of appropriate dimensions were made in accordance with 
ASTM D3039 requirements. Water jet cutting technique is used for cutting the test 
specimen as per the required shape. The test specimen having dimension of length 
250 mm, width of 25 mm and thickness of 3 mm were prepared for tensile testing.  

 

 
Figure 1. Water Hyacinth Fibers 

 

 
Figure 2. Water Hyacinth Yarn 

 



 
Figure 3. Water Hyacinth Woven Yarn 

 
2.3. Characterization of Composites 
The actual density of composites was measured using a densimeter based on 
Archimedes law according to ASTM B311. The theoretical density was calculated 
based on rules and mixture, while the porosity of the composites was calculated 
based on the actual and theoretical densities. The tensile test of composites was 
carried out according to the ASTM D3039 standard (Figure 4). Furthermore, the 
impact tests were carried out through the Charpy methods according to the ASTM 
D6110 standard. Figure 5 shows the dimensions of the impact test specimens. Six 
identical test specimens were prepared for tensile and impact test to ensure the 
uniformity of the test. Scanning Electron Microscopy (SEM) was used to 
investigate the tensile test fracture surface of the composite. 

 

 
Figure 4. Dimension of Tensile Test Specimen 

 

 
Figure 5. Dimension of Impact Test Specimen of Composite 

 
3. RESULTS AND DISCUSSIONS 

The density and porosity test results in Figure 6, shows that both the 
unidirectional and woven composites increased in mass fraction, while 0, 15, 25 
and 35 % wt. increase in the porosity of the composites was observed. Furthermore, 
figure 6 also shows that for the woven fiber composite, there was an increase in 
porosity almost linearly from 0.35% to 13.82% with the addition of 35% fiber. The 
unidirectional WH fiber composite, increased from 15 % to 35 % wt., afterwards, 



the porosity did not increase significantly. Composites woven fibers also provided 
more voids than composites UD fibers. For woven fibers, the voids form inside 
tows, in resin-rich regions or at tow corners, and between plies in composites. 
Meanwhile, for UD fibers, the voids form within and between the plies [28, 29]. 
The difference in the direction of the fibers for the composites woven fiber leads to 
air entrapment and increased porosity. The main source of air entrapment is the 
inhomogeneous fiber architecture, which leads to a non-uniform fiber permeability 
carried out with subsequent local variations in resin velocity [30].  
 

 
Figure 6. Density and Porosity of WH fibers Composites 

 
Figure 7. Photo of Tested specimens 

Figure 7 shows the specimen after it was tensile tested, with fracture in the 
gauge length area. Figure 8 shows the tensile test results of the woven and 
unidirectional WH fiber composites reinforced with epoxy resin. The tensile 
strength of the woven WH fiber composite was in inverse proportion to the 
percentage of WH fibers in the composite. An increased fiber mass fraction from 0 
to 15%, led to an insignificant decrease in the tensile strength of the composite. 
Furthermore, with a 35% addition, for every 10% increase in fiber mass fraction, 



the tensile strength of the composite decreases by about 11-13%. Composite 
elongation also decreased with the increase in % wt. of WH woven fibers, which 
also showed that its tensile strength was in direct proportion to the percentage 
weight of the WH fiber. This tensile strength increased by approximately 10% as 
the % wt. of WH fibers increased from 15% to 25%. For addition of 35% wt. of 
WH fiber, the tensile strength of composites increased by about 37%. Compared to 
the tensile strength of epoxy resin, the composite tensile strength of 35 % wt. for 
unidirectional WH fiber increased from 41 MPa to 60 MPa or by about 46 %. 
Furthermore, the lowest composite tensile strength for WH fibers in this study was 
30 MPa for woven WH fibers composites containing 35% wt. This result was higher 
than that of Saputra et al., which discovered that the highest tensile strength was 
28.36 MPa [31]. Figure 9 shows the specific tensile strength of composites, which 
shows that there were no significant differences in the tensile strengths of WH 
woven fibers composites. Furthermore, reinforcement by WH fibers compensates 
for the decreasing tensile strength of the composite from porosity. The UD WH 
fiber composites of 35 % wt., increases in specific tensile strength by about 60 %, 
which means that, it is in direct proportion with the specific tensile strength of 
composites.   

 

 
Figure 8. Tensile strength and elongation WH Fibers Reinforced Epoxy-Resin 

 
The single fiber of water hyacinth has a tensile strength of around 105 - 313 

MPa [32]. The results of the tensile test show that woven water hyacinth did not 
provide an effect of increasing strength on uniaxial tensile loads. Furthermore, the 
increased mass percentage of the WH reinforcing fibers led to increased composite 
porosity. A larger volume of woven reinforcing fibers leads to an increase in voids 
[30, 33], due to the pores being trapped causing a void between the matrix and fibers 



[34]. Voids of composite produce stress concentration on the matrix. For the 
longitudinal fibers, voids lead to the potential change in stress transfer and 
redistribution and the cracking of the transverse plies [28]. The voids between fiber 
and matrix lead to a fiber pull-out fracture as shown in Figure 11a, 11b and 11c.  

Composites had an increased tensile strength due to the unidirectional 
properties of the WH fiber. The unidirectional fiber has a higher percentage of fiber 
in the direction of tensile load than woven fiber. Based rule of mixture theory, 
higher % wt. of fiber on axis direction of load yields higher values of tensile strength 
than the combination of axial and transversal fiber direction in woven fiber.  
Additionally, an increase in the percentage weight of these fiber composites also 
improves tensile strength. This is coherent with the density and porosity test results 
in Figure 6, which shows that the composites with directional woven fiber exhibited 
a significant increase in porosity as the fiber percentage weight is increased. The 
porosity of UD WH fiber composites remained constant as the weight percentage 
of WH fibers increased. Hence, composites with directional woven fiber increased 
in % wt. and porosity significantly.  

 

 
Figure 9. Tensile strength specific of WH Fiber Reinforced with Epoxy-Resin 

 
Figure 10 shows the impact strength of WH fiber reinforced with epoxy-resin. 

This composite strength was in direct proportion to WH fiber rise of % wt. 
Increasing of % wt. of UD fiber from 0 % to 35 % wt., increase the impact strength 
of composite about 28 %. The impact strength of woven fiber composite increases 
about 22 % when the % wt. of fiber increase from 0 % to 35 % wt. The highest 
impact strength is about 0.82 kJ/cm2 at the UD fiber composite with 35 % wt. of 
fiber. Figure 10 also shows specifics impact strength of composite. Graph in Figure 
10 shown that specific impact strength of composite with 35 % wt. woven WH fiber 
higher than specific impact strength of 35 % wt. of UD composite. The porosity on 



woven composite produced lighter composite than UD composite. Woven WH 
fibers increase the impact strength of the composite and produce a tougher 
composite. Woven WH fibers have good ability to absorb large share kinetic energy 
so fibers role should be crack stopper [35]. The UD composite fibers break at the 
impact axis and the failure of the woven specimen is caused by shear stress [36]. 
The increase in composite impact strength is due to the interface strength between 
the woven WH fiber and epoxy - resin matrix contributes to the transfer load from 
the matrix fiber. This characteristic allows the WH fiber composites to absorb more 
energy. The fiber flexibility that slides out of the matrix did not break but increased 
the energy needed to rupture the specimen [37].  

 

 
Figure 10. Impact Strength of Composites WH Fibers reinforced Epoxy-Resin 
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c. f. 

Figure 11. SEM Micrograph Surface Fracture of Composites WH Fibers 
reinforced Epoxy-Resin 

 
Furthermore, the SEM photomicrographs of the fracture surface were used to 

analyze the WH fiber and matrix adhesion in the composites. The cross-section of 
these tensile-tested specimens was selected for analysis. Figure 11.a – 11.f shows 
the fracture surface SEM images of the WH fiber-reinforced epoxy resin composite. 
Meanwhile, figure 11.a, 11.b and 11.c shows the samples with 15, 25, 35 % of WH 
woven fiber. Figure 11.d, 11.e and 11.f shows the composite with 15, 25, 35 % of 
UD WH fiber. From the fractographic examinations by SEM, the fracture behavior 
of composite was brittle. Some pores, which originated from the fiber pull-out 
phenomena were found in all cases, while fracture phenomena were also observed 
in the UD WH fiber. SEM images showed that the WH fiber and epoxy resin were 
mechanically bound, however, there was no chemical bonding between the WH 
fiber and epoxy resin. Furthermore, similar natural fiber and polymer adhesion were 
experimented with and discussed within natural fiber-reinforced plastic composites 
[38,39]. For this reason, the mechanical properties of UD WH fiber epoxy resin 
composites had a 60% increase. 

 
 
CONCLUSION 
Previous researches that used water hyacinth fiber as a composite reinforcement in 
the form of stem, stem chopped, sawdust, and powder produced mechanical 
properties under the tensile strength of the matrix material. The use of UD WH  



fiber as reinforcement results in an increasing of strength of composite. The lowest 
tensile strength produced in this research is also higher than the highest tensile 
strength produced by previous researchers. Increasing the % wt. of the WH woven 
fibers decreased the tensile strength of the epoxy resin composites. Furthermore, 
the % wt. of WH woven fibers was in direct proportion to the number of pores or 
voids between the fibers and matrix which led to a delamination mode fracture. The 
rise of % wt. of fibers increases the tensile and impact strength of unidirectional 
WH fibers epoxy resin composite. The utilization of WH fibers obtained an 
increased effective reinforcement. The impact strength of composites was in direct 
proportion to the rise of % wt. of WH woven fibers. The mechanical properties of 
unidirectional WH fiber higher than mechanical properties of woven WH fiber 
composite. 
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Reviewer 3:  
Methods: 
1. The water hyacinth fibers were twisted to yarn and weaved to bidirectional mat. 

Were those made by hand in laboratory? Was there any associated machine or 
tool used? If it was, please describe it. 
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yarn spinner tool by yarn craftsman. The water hyacinth yarns mat was made 
using loom. The weaving process is carried out by traditional cloth craftsmen.  
 
We have added this description inside the methods (written in blue ink) 
 

2. What was the method to identify the porosity in the composites? 
Answer: 
According to ASTM D2734 the porosity can be obtained by the relative 
difference between theoretical density of composite (ρth) and measured density 
of composite (ρm). The density of composite (ρm) can be measured through water 
buoyancy by Archimedes Principle (ASTM D792). This leads to the following 
equation for calculation of the porosity content: 

 𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦 =  100 − 𝜌𝑚 (
𝑊𝑟

𝜌𝑟
+

𝑊𝑓

𝜌𝑓
) 

where W and ρ represent the weight percentage and the density, and subscripts 
r and f stand for resin and fiber, respectively. 
 
We have added the description into the methods (written in blue ink). 
 

Results: 
1. The "tensile strength specific" used might be "specific tensile strength"? 

Answer: 
Thank you very much for your suggestion. We agree with your suggestion. We 
have corrected the "tensile strength specific" with "specific tensile strength" 
 

2. The woven fiber composites resulted in lower strength. This was addressed to be 
caused by the high porosity. Will that be due to the incomplete infiltration of 
resin in the hand lay-up process? 
Answer: 
Thank you very much for your suggestion. We agree with your suggestion. We 
have added that analysis to our discussion (written in blue ink). 

 
 

Response to Reviewers



The Characterization of Unidirectional and Woven Water Hyacinth Fiber 
Reinforced with Epoxy Resin Composites 
 
 
 
 
ABSTRACT 
 
The high growth of Water Hyacinth/Eichhornia crassipes (WH) led to several 
problems such as ecosystem, irrigation, and sedimentation. The rapid growth of 
water hyacinth in natural rivers, reservoir, lake and canals causes drainage problems 
in many nations. As a result, local offices must spend significant annual budgets to 
dispose of water hyacinth wastes. Meanwhile, cellulose fiber from WH had a 
potential application in natural fiber composite (NFC). This study investigated the 
development and use of water hyacinth wastes for the production of unidirectional 
dan weaved fiber epoxy resin composites. The purpose of this research is to 
investigate at the mechanical and physical properties of unidirectional WH and 
woven fiber reinforced epoxy resin composites in variation of 0 % wt., 15 % wt., 
25 % wt. and 35 % wt. of WH fibers. The WH fiber was obtained from a 
mechanically processed WH plants. The composites were manufactured through 
the hand lay-up method. The tensile and impact tests were carried out based on 
ASTM D3039 and ASTM D6110 respectively, while the density of composites was 
tested based on the Archimedes rule. The results of this study showed that 
increasing of % wt. of the WH woven fiber, the tensile strength of composite 
decrease. The impact strength of composites increases by the rise of % wt. of the 
WH woven fibers. The % wt. of WH woven fibers was in direct proportion to the 
amount of pore or void between the fibers and matrix, which led to a delamination 
mode fracture. Tensile and impact strength of unidirectional WH fiber increase by 
increasing the % wt. of WH fibers. 
 
Keywords: Composite, Epoxy-resin, Water Hyacinth, Woven fiber, Unidirectional 
fiber. 
 
1. INTRODUCTION 

Natural fibers are a useful class of materials that are environmentally clean, 
renewable, and biodegradable resources. They are also used in manufacturing 
natural fiber composites with advantages which include low impact on the 
environment, renewability, inexpensive and easily degraded [1-4]. However, the 
use of natural fibers as a reinforcement of composites is still experiencing several 
problems such as, low mechanical properties, hydrophilic properties, limited 
processing temperatures, low matrix and fiber binding forces that are easily 
degraded [5,6]. Furthermore, studies on the development of natural fiber properties 
were carried out by pretreating or engineering the manufacturing method [7,8]. 

Water hyacinth (Eichhornia crassipes) is a type of aquatic plant that floats on 
the surface of the water. It grows aggressively and was a nuisance on almost all 
continents for more than 100 years. Furthermore, its high population growth led to 
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several problems related to ecosystem balance, decreased fish production, loss of 
endemic organisms and sedimentation [9-11]. Numerous studies were carried out 
to utilize water hyacinth plants as absorbers of heavy metals, absorbing dye waste, 
biofuel and biogas production, composite catalyst and reinforcing composites [12-
19]. 

Based on previous studies, the problem associated with the utilization of WH 
materials for composite reinforcement includes, low mechanical strength, ease of 
water absorption leading to a reduced fiber bond with the matrix and weak 
compatibility of the WH fiber with the polymer matrix [20-22]. The results of this 
study show that for these composites, the mechanical properties were relatively low. 
Although the use of WH fiber as composite reinforcement still requires further 
studies, it has several advantages which include, increased acoustic, damping ability 
and good thermal resistance [23]. 

Previous researchers on the use of water hyacinth fiber as reinforcement 
composite still uses WH in the form of stem, stem chopped, sawdust, and powder 
[22, 24-26].  No research has been found that uses water hyacinth in the form of 
fiber or woven fibers. The use of natural fiber as a composite reinforcement, the 
shape of the reinforcement affects the mechanical properties of composite. This 
research uses water hyacinth in the form of fibers, either unidirectional or woven 
fibers. WH fiber can be obtained by extracting WH stem. The WH plant extraction 
process affected the mechanical properties of the fiber composite. This process aims 
to separate plant fibers from the wax, pectin, hemicellulose and lignin layers. Also, 
there were several methods used to extract plant fibers from the parent plant, 
namely: immersion, chemical methods or mechanical methods [27]. Therefore, this 
study aims to investigate the mechanical and physical properties of composites 
reinforced with unidirectional and woven WH fibers. 

 
2. MATERIALS AND METHODS 
2.1.  Materials 

The water hyacinth plants used, were obtained from swamps in Tanggul 
Village, Mijen District, Demak Regency, Central Java, Indonesia with 50-70 cm 
length of stems. These plants were mechanically extracted to yield the WF fibers 
(Figure 1). The fiber extraction was carried out by brushing the WH stems using an 
iron brush. The fiber is then dried in the sun. After that, 10 strands of the dry WH 
fibers were twisted to produce yarn (Figure 2). The water hyacinth yarns were 
prepared by yarn craftsmen using a traditional yarn spinner. The WH yarns were 
then woven using a loom. The weaving process was carried out by traditional cloth 
craftsmen. This process produced WH mat with dimensions of 30 x 40 cm with 
direction of yarn 0°/90° (Figure 3). The natural composite was manufactured using 
epoxy Bakelite® EPR 174 and resin hardener V-140 as a matrix. 

 
2.2. Preparation of Composites 

The hand lay-up method was used to fabricate the unidirectional WH fiber 
composite and woven WH composites. This was conducted by applying an epoxy-
resin matrix to the WH fibers in the mold specimens with dimension of 30 x 40 cm 
using a paintbrush and roller. The composite tensile and impact test specimens were 
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manufactured in variations of the WH fiber reinforcement of 0%, 15 %, 25 % and 
35 % wt. The coding of these specimens is shown in Table 1. 
Table 1. Specimens testing code 
Code  Meaning 
E(0)  Epoxy – resin, 0 % WH fibers 

E(15)  Epoxy – resin, 15 % WH fibers 

E(25)  Epoxy – resin, 25 % WH fibers 

E(35)  Epoxy – resin, 35 % WH fibers 
 

Afterward, the composites were compressed and vacuumed to remove voids 
and obtain a smoothen surface. After removing the produced composite specimen 
from the mold, specimens of appropriate dimensions were made in accordance with 
ASTM D3039 requirements. Water jet cutting technique is used for cutting the test 
specimen as per the required shape. The test specimen having dimension of length 
250 mm, width of 25 mm and thickness of 3 mm were prepared for tensile testing.  

 

 
Figure 1. Water Hyacinth Fibers 

 

 
Figure 2. Water Hyacinth Yarn 
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Figure 3. Water Hyacinth Woven Yarn 

 
2.3. Characterization of Composites 
The actual density of composites was measured using a densimeter based on 
Archimedes law according to ASTM B311. According to ASTM D2734 the 
porosity can be obtained by the relative difference between theoretical density of 
composite and measured density of composite (ρm). The density of composite (ρm) 

can be measured through water buoyancy by Archimedes Principle (ASTM D792). 
This leads to the following equation for calculation of the porosity (eq. 1).  
 

Porosity = 100 – ρm{(Wr/ρr) + (Wf/ρf)} (1) 
 

where W and ρ represent the weight percentage and the density, and r and f stand 

for resin and fiber, respectively. 
The tensile test of composites was carried out according to the ASTM D3039 
standard (Figure 4). Furthermore, the impact tests were carried out through the 
Charpy methods according to the ASTM D6110 standard. Figure 5 shows the 
dimensions of the impact test specimens. Six identical test specimens were prepared 
for tensile and impact test to ensure the uniformity of the test. Scanning Electron 
Microscopy (SEM) was used to investigate the tensile test fracture surface of the 
composite. 

 

 
Figure 4. Dimension of Tensile Test Specimen 

 

 
Figure 5. Dimension of Impact Test Specimen of Composite 
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3. RESULTS AND DISCUSSIONS 

The density and porosity test results in Figure 6, shows that both the 
unidirectional and woven composites increased in mass fraction, while 0, 15, 25 
and 35 % wt. increase in the porosity of the composites was observed. Furthermore, 
figure 6 also shows that for the woven fiber composite, there was an increase in 
porosity almost linearly from 0.35% to 13.82% with the addition of 35% fiber. The 
unidirectional WH fiber composite, increased from 15 % to 35 % wt., afterwards, 
the porosity did not increase significantly. Composites woven fibers also provided 
more voids than composites UD fibers. For woven fibers, the voids form inside 
tows, in resin-rich regions or at tow corners, and between plies in composites. 
Meanwhile, for UD fibers, the voids form within and between the plies [28, 29]. 
The difference in the direction of the fibers for the composites woven fiber leads to 
air entrapment and increased porosity. The main source of air entrapment is the 
inhomogeneous fiber architecture, which leads to a non-uniform fiber permeability 
carried out with subsequent local variations in resin velocity [30].  
 

 
Figure 6. Density and Porosity of WH fibers Composites 
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Figure 7. Photo of Tested specimens 
Figure 7 shows the specimen after it was tensile tested, with fracture in the 

gauge length area. Figure 8 shows the tensile test results of the woven and 
unidirectional WH fiber composites reinforced with epoxy resin. The tensile 
strength of the woven WH fiber composite was in inverse proportion to the 
percentage of WH fibers in the composite. An increased fiber mass fraction from 0 
to 15%, led to an insignificant decrease in the tensile strength of the composite. 
Furthermore, with a 35% addition, for every 10% increase in fiber mass fraction, 
the tensile strength of the composite decreases by about 11-13%. Composite 
elongation also decreased with the increase in % wt. of WH woven fibers, which 
also showed that its tensile strength was in direct proportion to the percentage 
weight of the WH fiber. This tensile strength increased by approximately 10% as 
the % wt. of WH fibers increased from 15% to 25%. For addition of 35% wt. of 
WH fiber, the tensile strength of composites increased by about 37%. Compared to 
the tensile strength of epoxy resin, the composite tensile strength of 35 % wt. for 
unidirectional WH fiber increased from 41 MPa to 60 MPa or by about 46 %. 
Furthermore, the lowest composite tensile strength for WH fibers in this study was 
30 MPa for woven WH fibers composites containing 35% wt. This result was higher 
than that of Saputra et al., which discovered that the highest tensile strength was 
28.36 MPa [31]. Figure 9 shows the specific tensile strength of composites, which 
shows that there were no significant differences in the tensile strengths of WH 
woven fibers composites. Furthermore, reinforcement by WH fibers compensates 
for the decreasing tensile strength of the composite from porosity. The UD WH 
fiber composites of 35 % wt., increases in specific tensile strength by about 60 %, 
which means that, it is in direct proportion with the specific tensile strength of 
composites.   
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Figure 8. Tensile strength and elongation WH Fibers Reinforced Epoxy-Resin 
 

The single fiber of water hyacinth has a tensile strength of around 105 - 313 
MPa [32]. The results of the tensile test show that woven water hyacinth did not 
provide an effect of increasing strength on uniaxial tensile loads. Furthermore, the 
increased mass percentage of the WH reinforcing fibers led to increased composite 
porosity. A larger volume of woven reinforcing fibers leads to an increase in voids 
[30, 33], due to the pores being trapped causing a void between the matrix and fibers 
[34]. The increasing porosity also caused by the incomplete infiltration of resin in 
the hand lay-up process. Voids of composite produce stress concentration on the 
matrix. For the longitudinal fibers, voids lead to the potential change in stress 
transfer and redistribution and the cracking of the transverse plies [28]. The voids 
between fiber and matrix lead to a fiber pull-out fracture as shown in Figure 11a, 
11b and 11c.  

Composites had an increased tensile strength due to the unidirectional 
properties of the WH fiber. The unidirectional fiber has a higher percentage of fiber 
in the direction of tensile load than woven fiber. Based rule of mixture theory, 
higher % wt. of fiber on axis direction of load yields higher values of tensile strength 
than the combination of axial and transversal fiber direction in woven fiber.  
Additionally, an increase in the percentage weight of these fiber composites also 
improves tensile strength. This is coherent with the density and porosity test results 
in Figure 6, which shows that the composites with directional woven fiber exhibited 
a significant increase in porosity as the fiber percentage weight is increased. The 
porosity of UD WH fiber composites remained constant as the weight percentage 
of WH fibers increased. Hence, composites with directional woven fiber increased 
in % wt. and porosity significantly.  

 

 
Figure 9. The specific tensile strength of WH Fiber Reinforced with Epoxy-Resin 
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Figure 10 shows the impact strength of WH fiber reinforced with epoxy-resin. 

This composite strength was in direct proportion to WH fiber rise of % wt. 
Increasing of % wt. of UD fiber from 0 % to 35 % wt., increase the impact strength 
of composite about 28 %. The impact strength of woven fiber composite increases 
about 22 % when the % wt. of fiber increase from 0 % to 35 % wt. The highest 
impact strength is about 0.82 kJ/cm2 at the UD fiber composite with 35 % wt. of 
fiber. Figure 10 also shows specifics impact strength of composite. Graph in Figure 
10 shown that specific impact strength of composite with 35 % wt. woven WH fiber 
higher than specific impact strength of 35 % wt. of UD composite. The porosity on 
woven composite produced lighter composite than UD composite. Woven WH 
fibers increase the impact strength of the composite and produce a tougher 
composite. Woven WH fibers have good ability to absorb large share kinetic energy 
so fibers role should be crack stopper [35]. The UD composite fibers break at the 
impact axis and the failure of the woven specimen is caused by shear stress [36]. 
The increase in composite impact strength is due to the interface strength between 
the woven WH fiber and epoxy - resin matrix contributes to the transfer load from 
the matrix fiber. This characteristic allows the WH fiber composites to absorb more 
energy. The fiber flexibility that slides out of the matrix did not break but increased 
the energy needed to rupture the specimen [37].  

 

 
Figure 10. Impact Strength of Composites WH Fibers reinforced Epoxy-Resin 
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a. d. 

  
b. e. 

  
c. f. 

Figure 11. SEM Micrograph Surface Fracture of Composites WH Fibers 
reinforced Epoxy-Resin 

 
Furthermore, the SEM photomicrographs of the fracture surface were used to 

analyze the WH fiber and matrix adhesion in the composites. The cross-section of 
these tensile-tested specimens was selected for analysis. Figure 11.a – 11.f shows 
the fracture surface SEM images of the WH fiber-reinforced epoxy resin composite. 
Meanwhile, figure 11.a, 11.b and 11.c shows the samples with 15, 25, 35 % of WH 
woven fiber. Figure 11.d, 11.e and 11.f shows the composite with 15, 25, 35 % of 
UD WH fiber. From the fractographic examinations by SEM, the fracture behavior 
of composite was brittle. Some pores, which originated from the fiber pull-out 
phenomena were found in all cases, while fracture phenomena were also observed 
in the UD WH fiber. SEM images showed that the WH fiber and epoxy resin were 
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mechanically bound, however, there was no chemical bonding between the WH 
fiber and epoxy resin. Furthermore, similar natural fiber and polymer adhesion were 
experimented with and discussed within natural fiber-reinforced plastic composites 
[38,39]. For this reason, the mechanical properties of UD WH fiber epoxy resin 
composites had a 60% increase. 

 
 
CONCLUSION 
Previous researchers that used water hyacinth fiber as a composite reinforcement in 
the form of stem, stem chopped, sawdust, and powder produced mechanical 
properties under the tensile strength of the matrix material. The use of UD WH  
fiber as reinforcement results in an increasing of strength of composite. The lowest 
tensile strength produced in this research is also higher than the highest tensile 
strength produced by previous researchers. Increasing the % wt. of the WH woven 
fibers decreased the tensile strength of the epoxy resin composites. Furthermore, 
the % wt. of WH woven fibers was in direct proportion to the number of pores or 
voids between the fibers and matrix which led to a delamination mode fracture. The 
rise of % wt. of fibers increases the tensile and impact strength of unidirectional 
WH fibers epoxy resin composite. The utilization of WH fibers obtained an 
increased effective reinforcement. The impact strength of composites was in direct 
proportion to the rise of % wt. of WH woven fibers. The mechanical properties of 
unidirectional WH fiber higher than mechanical properties of woven WH fiber 
composite. 
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ABSTRACT 
 
The high growth of Water Hyacinth/Eichhornia crassipes (WH) led to several 
problems such as ecosystem, irrigation, and sedimentation. The rapid growth of 
water hyacinth in natural rivers, reservoir, lake and canals causes drainage problems 
in many nations. As a result, local offices must spend significant annual budgets to 
dispose of water hyacinth wastes. Meanwhile, cellulose fiber from WH had a 
potential application in natural fiber composite (NFC). This study investigated the 
development and use of water hyacinth wastes for the production of unidirectional 
dan weaved fiber epoxy resin composites. The purpose of this research is to 
investigate at the mechanical and physical properties of unidirectional WH and 
woven fiber reinforced epoxy resin composites in variation of 0 % wt., 15 % wt., 
25 % wt. and 35 % wt. of WH fibers. The WH fiber was obtained from a 
mechanically processed WH plants. The composites were manufactured through 
the hand lay-up method. The tensile and impact tests were carried out based on 
ASTM D3039 and ASTM D6110 respectively, while the density of composites was 
tested based on the Archimedes rule. The results of this study showed that 
increasing of % wt. of the WH woven fiber, the tensile strength of composite 
decrease. The impact strength of composites increases by the rise of % wt. of the 
WH woven fibers. The % wt. of WH woven fibers was in direct proportion to the 
amount of pore or void between the fibers and matrix, which led to a delamination 
mode fracture. Tensile and impact strength of unidirectional WH fiber increase by 
increasing the % wt. of WH fibers. 
 
Keywords: Composite, Epoxy-resin, Water Hyacinth, Woven fiber, Unidirectional 
fiber. 
 
1. INTRODUCTION 

Natural fibers are a useful class of materials that are environmentally clean, 
renewable, and biodegradable resources. They are also used in manufacturing 
natural fiber composites with advantages which include low impact on the 
environment, renewability, inexpensive and easily degraded [1-4]. However, the 
use of natural fibers as a reinforcement of composites is still experiencing several 
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problems such as, low mechanical properties, hydrophilic properties, limited 
processing temperatures, low matrix and fiber binding forces that are easily 
degraded [5,6]. Furthermore, studies on the development of natural fiber properties 
were carried out by pretreating or engineering the manufacturing method [7,8]. 

Water hyacinth (Eichhornia crassipes) is a type of aquatic plant that floats on 
the surface of the water. It grows aggressively and was a nuisance on almost all 
continents for more than 100 years. Furthermore, its high population growth led to 
several problems related to ecosystem balance, decreased fish production, loss of 
endemic organisms and sedimentation [9-11]. Numerous studies were carried out 
to utilize water hyacinth plants as absorbers of heavy metals, absorbing dye waste, 
biofuel and biogas production, composite catalyst and reinforcing composites [12-
19]. 

Based on previous studies, the problem associated with the utilization of WH 
materials for composite reinforcement includes, low mechanical strength, ease of 
water absorption leading to a reduced fiber bond with the matrix and weak 
compatibility of the WH fiber with the polymer matrix [20-22]. The results of this 
study show that for these composites, the mechanical properties were relatively low. 
Although the use of WH fiber as composite reinforcement still requires further 
studies, it has several advantages which include, increased acoustic, damping ability 
and good thermal resistance [23]. 

Previous researchers on the use of water hyacinth fiber as reinforcement 
composite still uses WH in the form of stem, stem chopped, sawdust, and powder 
[22, 24-26].  No research has been found that uses water hyacinth in the form of 
fiber or woven fibers. The use of natural fiber as a composite reinforcement, the 
shape of the reinforcement affects the mechanical properties of composite. This 
research uses water hyacinth in the form of fibers, either unidirectional or woven 
fibers. WH fiber can be obtained by extracting WH stem. The WH plant extraction 
process affected the mechanical properties of the fiber composite. This process aims 
to separate plant fibers from the wax, pectin, hemicellulose and lignin layers. Also, 
there were several methods used to extract plant fibers from the parent plant, 
namely: immersion, chemical methods or mechanical methods [27]. Therefore, this 
study aims to investigate the mechanical and physical properties of composites 
reinforced with unidirectional and woven WH fibers. 

 
2. MATERIALS AND METHODS 
2.1.  Materials 

The water hyacinth plants used, were obtained from swamps in Tanggul 
Village, Mijen District, Demak Regency, Central Java, Indonesia with 50-70 cm 
length of stems. These plants were mechanically extracted to yield the WF fibers 
(Figure 1). The fiber extraction was carried out by brushing the WH stems using an 
iron brush. The fiber is then dried in the sun. After that, 10 strands of the dry WH 
fibers were twisted to produce yarn (Figure 2). The water hyacinth yarns were 
prepared by yarn craftsmen using a traditional yarn spinner. The WH yarns were 
then woven using a loom. The weaving process was carried out by traditional cloth 
craftsmen. This process produced WH mat with dimensions of 30 x 40 cm with 
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direction of yarn 0°/90° (Figure 3). The natural composite was manufactured using 
epoxy Bakelite® EPR 174 and resin hardener V-140 as a matrix. 

 
2.2. Preparation of Composites 

The hand lay-up method was used to fabricate the unidirectional WH fiber 
composite and woven WH composites. This was conducted by applying an epoxy-
resin matrix to the WH fibers in the mold specimens with dimension of 30 x 40 cm 
using a paintbrush and roller. The composite tensile and impact test specimens were 
manufactured in variations of the WH fiber reinforcement of 0%, 15 %, 25 % and 
35 % wt. The coding of these specimens is shown in Table 1. 
Table 1. Specimens testing code 
Code  Meaning 
E(0)  Epoxy – resin, 0 % WH fibers 

E(15)  Epoxy – resin, 15 % WH fibers 

E(25)  Epoxy – resin, 25 % WH fibers 

E(35)  Epoxy – resin, 35 % WH fibers 
 

Afterward, the composites were compressed and vacuumed to remove voids 
and obtain a smoothen surface. After removing the produced composite specimen 
from the mold, specimens of appropriate dimensions were made in accordance with 
ASTM D3039 requirements. Water jet cutting technique is used for cutting the test 
specimen as per the required shape. The test specimen having dimension of length 
250 mm, width of 25 mm and thickness of 3 mm were prepared for tensile testing.  

 

 
Figure 1. Water Hyacinth Fibers 
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Figure 2. Water Hyacinth Yarn 

 

 
Figure 3. Water Hyacinth Woven Yarn 

 
2.3. Characterization of Composites 
The actual density of composites was measured using a densimeter based on 
Archimedes law according to ASTM D792. According to ASTM D2734 the 
porosity can be obtained by the relative difference between theoretical density of 
composite and measured density of composite (ρm). The density of composite (ρm) 

can be measured through water buoyancy by Archimedes Principle (ASTM D792). 
This leads to the following equation for calculation of the porosity (eq. 1).  
 

Porosity = 100 – ρm{(Wr/ρr) + (Wf/ρf)} (1) 
 

where W and ρ represent the weight percentage and the density, and r and f stand 

for resin and fiber, respectively. 
The tensile test of composites was carried out according to the ASTM D3039 
standard (Figure 4). Furthermore, the impact tests were carried out through the 
Charpy methods according to the ASTM D6110 standard. Figure 5 shows the 
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dimensions of the impact test specimens. Six identical test specimens were prepared 
for tensile and impact test to ensure the uniformity of the test. Scanning Electron 
Microscopy (SEM) was used to investigate the tensile test fracture surface of the 
composite. 

 

 
Figure 4. Dimension of Tensile Test Specimen 

 
 

 
Figure 5. Dimension of Impact Test Specimen of Composite 

 
3. RESULTS AND DISCUSSIONS 

The density and porosity test results in Figure 6, shows that both the 
unidirectional and woven composites increased in mass fraction, while 0, 15, 25 
and 35 % wt. increase in the porosity of the composites was observed. Furthermore, 
figure 6 also shows that for the woven fiber composite, there was an increase in 
porosity almost linearly from 0.35% to 13.82% with the addition of 35% fiber. The 
unidirectional WH fiber composite, increased from 15 % to 35 % wt., afterwards, 
the porosity did not increase significantly. Composites woven fibers also provided 
more voids than composites UD fibers. For woven fibers, the voids form inside 
tows, in resin-rich regions or at tow corners, and between plies in composites. 
Meanwhile, for UD fibers, the voids form within and between the plies [28, 29]. 
The difference in the direction of the fibers for the composites woven fiber leads to 
air entrapment and increased porosity. The main source of air entrapment is the 
inhomogeneous fiber architecture, which leads to a non-uniform fiber permeability 
carried out with subsequent local variations in resin velocity [30].  
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Figure 6. Density and Porosity of WH fibers Composites 

 
a. Fracture specimen of 15 % unidirectional WH fiber composite. 

 
b. Fracture specimen of 15 % WH woven fiber composite 

 
c. Fracture specimen of 25 % unidirectional WH fiber composite 

 
d. Fracture specimen of 25 % WH woven fiber composite 

 
e. Fracture specimen of 35 % unidirectional WH fiber composite 
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f. Fracture specimen of 35 % WH woven fiber composite 

Figure 7. Photo of Tested specimens 
 

Figure 7 shows the specimen after it was tensile tested, with fracture in the 
gauge length area. Figure 8 shows the tensile test results of the woven and 
unidirectional WH fiber composites reinforced with epoxy resin. The tensile 
strength of the woven WH fiber composite was in inverse proportion to the 
percentage of WH fibers in the composite. An increased fiber mass fraction from 0 
to 15%, led to an insignificant decrease in the tensile strength of the composite. 
Furthermore, with a 35% addition, for every 10% increase in fiber mass fraction, 
the tensile strength of the composite decreases by about 11-13%. Composite 
elongation also decreased with the increase in % wt. of WH woven fibers, which 
also showed that its tensile strength was in direct proportion to the percentage 
weight of the WH fiber. This tensile strength increased by approximately 10% as 
the % wt. of WH fibers increased from 15% to 25%. For addition of 35% wt. of 
WH fiber, the tensile strength of composites increased by about 37%. Compared to 
the tensile strength of epoxy resin, the composite tensile strength of 35 % wt. for 
unidirectional WH fiber increased from 41 MPa to 60 MPa or by about 46 %. 
Furthermore, the lowest composite tensile strength for WH fibers in this study was 
30 MPa for woven WH fibers composites containing 35% wt. This result was higher 
than that of Saputra et al., which discovered that the highest tensile strength was 
28.36 MPa [31]. Figure 9 shows the specific tensile strength of composites, which 
shows that there were no significant differences in the tensile strengths of WH 
woven fibers composites. Furthermore, reinforcement by WH fibers compensates 
for the decreasing tensile strength of the composite from porosity. The UD WH 
fiber composites of 35 % wt., increases in specific tensile strength by about 60 %, 
which means that, it is in direct proportion with the specific tensile strength of 
composites.   
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Figure 8. Tensile strength and elongation WH Fibers Reinforced Epoxy-Resin 

 
The single fiber of water hyacinth has a tensile strength of around 105 - 313 

MPa [32]. The results of the tensile test show that woven water hyacinth did not 
provide an effect of increasing strength on uniaxial tensile loads. Furthermore, the 
increased mass percentage of the WH reinforcing fibers led to increased composite 
porosity. A larger volume of woven reinforcing fibers leads to an increase in voids 
[30, 33], due to the pores being trapped causing a void between the matrix and fibers 
[34]. The increasing porosity also caused by the incomplete infiltration of resin in 
the hand lay-up process. Voids of composite produce stress concentration on the 
matrix. For the longitudinal fibers, voids lead to the potential change in stress 
transfer and redistribution and the cracking of the transverse plies [28]. The voids 
between fiber and matrix lead to a fiber pull-out fracture as shown in Figure 11a, 
11b and 11c.  

Composites had an increased tensile strength due to the unidirectional 
properties of the WH fiber. The unidirectional fiber has a higher percentage of fiber 
in the direction of tensile load than woven fiber. Based rule of mixture theory, 
higher % wt. of fiber on axis direction of load yields higher values of tensile strength 
than the combination of axial and transversal fiber direction in woven fiber.  
Additionally, an increase in the percentage weight of these fiber composites also 
improves tensile strength. This is coherent with the density and porosity test results 
in Figure 6, which shows that the composites with directional woven fiber exhibited 
a significant increase in porosity as the fiber percentage weight is increased. The 
porosity of UD WH fiber composites remained constant as the weight percentage 
of WH fibers increased. Hence, composites with directional woven fiber increased 
in % wt. and porosity significantly.  
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Figure 9. The specific tensile strength of WH Fiber Reinforced with Epoxy-Resin 

 
Figure 10 shows the impact strength of WH fiber reinforced with epoxy-resin. 

This composite strength was in direct proportion to WH fiber rise of % wt. 
Increasing of % wt. of UD fiber from 0 % to 35 % wt., increase the impact strength 
of composite about 28 %. The impact strength of woven fiber composite increases 
about 22 % when the % wt. of fiber increase from 0 % to 35 % wt. The highest 
impact strength is about 0.82 kJ/cm2 at the UD fiber composite with 35 % wt. of 
fiber. Figure 10 also shows specifics impact strength of composite. Graph in Figure 
10 shown that specific impact strength of composite with 35 % wt. woven WH fiber 
higher than specific impact strength of 35 % wt. of UD composite. The porosity on 
woven composite produced lighter composite than UD composite. Woven WH 
fibers increase the impact strength of the composite and produce a tougher 
composite. Woven WH fibers have good ability to absorb large share kinetic energy 
so fibers role should be crack stopper [35]. The UD composite fibers break at the 
impact axis and the failure of the woven specimen is caused by shear stress [36]. 
The increase in composite impact strength is due to the interface strength between 
the woven WH fiber and epoxy - resin matrix contributes to the transfer load from 
the matrix fiber. This characteristic allows the WH fiber composites to absorb more 
energy. The fiber flexibility that slides out of the matrix did not break but increased 
the energy needed to rupture the specimen [37].  
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Figure 10. Impact Strength of Composites WH Fibers reinforced Epoxy-Resin 

 
 

  
a.  Fracture surface of 15 % WH 

woven fiber composited 
d. Fracture surface of 15 % 

unidirectional WH fiber composited 
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b. Fracture surface of 25 % WH 
woven fiber composited 

e. Fracture surface of 25 % 
unidirectional WH fiber composited 

  
c. Fracture surface of 35 % WH woven 

fiber composited 
f. Fracture surface of 35 % 

unidirectional WH fiber composited 
Figure 11. SEM Micrograph Surface Fracture of Composites WH Fibers 

reinforced Epoxy-Resin 
 

Furthermore, the SEM photomicrographs of the fracture surface were used to 
analyze the WH fiber and matrix adhesion in the composites. The cross-section of 
these tensile-tested specimens was selected for analysis. Figure 11.a – 11.f shows 
the fracture surface SEM images of the WH fiber-reinforced epoxy resin composite. 
Meanwhile, figure 11.a, 11.b and 11.c shows the samples with 15, 25, 35 % of WH 
woven fiber. Figure 11.d, 11.e and 11.f shows the composite with 15, 25, 35 % of 
UD WH fiber. From the fractographic examinations by SEM, the fracture behavior 
of composite was brittle. Some pores, which originated from the fiber pull-out 
phenomena were found in all cases, while fracture phenomena were also observed 
in the UD WH fiber. SEM images showed that the WH fiber and epoxy resin were 
mechanically bound, however, there was no chemical bonding between the WH 
fiber and epoxy resin. Furthermore, similar natural fiber and polymer adhesion were 
experimented with and discussed within natural fiber-reinforced plastic composites 
[38,39]. For this reason, the mechanical properties of UD WH fiber epoxy resin 
composites had a 60% increase. 

 
 
CONCLUSION 
Previous researchers that used water hyacinth fiber as a composite reinforcement in 
the form of stem, stem chopped, sawdust, and powder produced mechanical 
properties under the tensile strength of the matrix material. The use of UD WH  
fiber as reinforcement results in an increasing of strength of composite. The lowest 
tensile strength produced in this research is also higher than the highest tensile 
strength produced by previous researchers. Increasing the % wt. of the WH woven 
fibers decreased the tensile strength of the epoxy resin composites. Furthermore, 
the % wt. of WH woven fibers was in direct proportion to the number of pores or 
voids between the fibers and matrix which led to a delamination mode fracture. The 
rise of % wt. of fibers increases the tensile and impact strength of unidirectional 
WH fibers epoxy resin composite. The utilization of WH fibers obtained an 
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increased effective reinforcement. The impact strength of composites was in direct 
proportion to the rise of % wt. of WH woven fibers. The mechanical properties of 
unidirectional WH fiber higher than mechanical properties of woven WH fiber 
composite. 
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ABSTRACT 
 
The high growth of Water Hyacinth/Eichhornia crassipes (WH) led to several 
problems such as ecosystem, irrigation, and sedimentation. The rapid growth of 
water hyacinth in natural rivers, reservoir, lake and canals causes drainage problems 
in many nations. As a result, local offices must spend significant annual budgets to 
dispose of water hyacinth wastes. Meanwhile, cellulose fiber from WH had a 
potential application in natural fiber composite (NFC). This study investigated the 
development and use of water hyacinth wastes for the production of unidirectional 
dan weaved fiber epoxy resin composites. The purpose of this research is to 
investigate at the mechanical and physical properties of unidirectional WH and 
woven fiber reinforced epoxy resin composites in variation of 0 % wt., 15 % wt., 
25 % wt. and 35 % wt. of WH fibers. The WH fiber was obtained from a 
mechanically processed WH plants. The composites were manufactured through 
the hand lay-up method. The tensile and impact tests were carried out based on 
ASTM D3039 and ASTM D6110 respectively, while the density of composites was 
tested based on the Archimedes rule. The results of this study showed that 
increasing of % wt. of the WH woven fiber, the tensile strength of composite 
decrease. The impact strength of composites increases by the rise of % wt. of the 
WH woven fibers. The % wt. of WH woven fibers was in direct proportion to the 
amount of pore or void between the fibers and matrix, which led to a delamination 
mode fracture. Tensile and impact strength of unidirectional WH fiber increase by 
increasing the % wt. of WH fibers. 
 
Keywords: Composite, Epoxy-resin, Water Hyacinth, Woven fiber, Unidirectional 
fiber. 
 
1. INTRODUCTION 

Natural fibers are a useful class of materials that are environmentally clean, 
renewable, and biodegradable resources. They are also used in manufacturing 
natural fiber composites with advantages which include low impact on the 
environment, renewability, inexpensive and easily degraded [1-4]. However, the 
use of natural fibers as a reinforcement of composites is still experiencing several 
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problems such as, low mechanical properties, hydrophilic properties, limited 
processing temperatures, low matrix and fiber binding forces that are easily 
degraded [5,6]. Furthermore, studies on the development of natural fiber properties 
were carried out by pretreating or engineering the manufacturing method [7,8]. 

Water hyacinth (Eichhornia crassipes) is a type of aquatic plant that floats on 
the surface of the water. It grows aggressively and was a nuisance on almost all 
continents for more than 100 years. Furthermore, its high population growth led to 
several problems related to ecosystem balance, decreased fish production, loss of 
endemic organisms and sedimentation [9-11]. Numerous studies were carried out 
to utilize water hyacinth plants as absorbers of heavy metals, absorbing dye waste, 
biofuel and biogas production, composite catalyst and reinforcing composites [12-
19]. 

Based on previous studies, the problem associated with the utilization of WH 
materials for composite reinforcement includes, low mechanical strength, ease of 
water absorption leading to a reduced fiber bond with the matrix and weak 
compatibility of the WH fiber with the polymer matrix [20-22]. The results of this 
study show that for these composites, the mechanical properties were relatively low. 
Although the use of WH fiber as composite reinforcement still requires further 
studies, it has several advantages which include, increased acoustic, damping ability 
and good thermal resistance [23]. 

Previous researchers on the use of water hyacinth fiber as reinforcement 
composite still uses WH in the form of stem, stem chopped, sawdust, and powder 
[22, 24-26].  No research has been found that uses water hyacinth in the form of 
fiber or woven fibers. The use of natural fiber as a composite reinforcement, the 
shape of the reinforcement affects the mechanical properties of composite. This 
research uses water hyacinth in the form of fibers, either unidirectional or woven 
fibers. WH fiber can be obtained by extracting WH stem. The WH plant extraction 
process affected the mechanical properties of the fiber composite. This process aims 
to separate plant fibers from the wax, pectin, hemicellulose and lignin layers. Also, 
there were several methods used to extract plant fibers from the parent plant, 
namely: immersion, chemical methods or mechanical methods [27]. Therefore, this 
study aims to investigate the mechanical and physical properties of composites 
reinforced with unidirectional and woven WH fibers. 

 
2. MATERIALS AND METHODS 
2.1.  Materials 

The water hyacinth plants used, were obtained from swamps in Tanggul 
Village, Mijen District, Demak Regency, Central Java, Indonesia with 50-70 cm 
length of stems. These plants were mechanically extracted to yield the WF fibers 
(Figure 1). The fiber extraction was carried out by brushing the WH stems using an 
iron brush. The fiber is then dried in the sun. After that, 10 strands of the dry WH 
fibers were twisted to produce yarn (Figure 2). The water hyacinth yarns were 
prepared by yarn craftsmen using a traditional yarn spinner. The WH yarns were 
then woven using a loom. The weaving process was carried out by traditional cloth 
craftsmen. This process produced WH mat with dimensions of 30 x 40 cm with 
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direction of yarn 0°/90° (Figure 3). The natural composite was manufactured using 
epoxy Bakelite® EPR 174 and resin hardener V-140 as a matrix. 

 
2.2. Preparation of Composites 

The hand lay-up method was used to fabricate the unidirectional WH fiber 
composite and woven WH composites. This was conducted by applying an epoxy-
resin matrix to the WH fibers in the mold specimens with dimension of 30 x 40 cm 
using a paintbrush and roller. The composite tensile and impact test specimens were 
manufactured in variations of the WH fiber reinforcement of 0%, 15 %, 25 % and 
35 % wt. The coding of these specimens is shown in Table 1. 
Table 1. Specimens testing code 
Code  Meaning 
E(0)  Epoxy – resin, 0 % WH fibers 

E(15)  Epoxy – resin, 15 % WH fibers 

E(25)  Epoxy – resin, 25 % WH fibers 

E(35)  Epoxy – resin, 35 % WH fibers 
 

Afterward, the composites were compressed and vacuumed to remove voids 
and obtain a smoothen surface. After removing the produced composite specimen 
from the mold, specimens of appropriate dimensions were made in accordance with 
ASTM D3039 requirements. Water jet cutting technique is used for cutting the test 
specimen as per the required shape. The test specimen having dimension of length 
250 mm, width of 25 mm and thickness of 3 mm were prepared for tensile testing.  

 

 
Figure 1. Water Hyacinth Fibers 
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Figure 2. Water Hyacinth Yarn 

 

 
Figure 3. Water Hyacinth Woven Yarn 

 
2.3. Characterization of Composites 
The actual density of composites was measured using a densimeter based on 
Archimedes law according to ASTM D792. According to ASTM D2734 the 
porosity can be obtained by the relative difference between theoretical density of 
composite and measured density of composite (ρm). The density of composite (ρm) 

can be measured through water buoyancy by Archimedes Principle (ASTM D792). 
This leads to the following equation for calculation of the porosity (eq. 1).  
 

Porosity = 100 – ρm{(Wr/ρr) + (Wf/ρf)} (1) 
 

where W and ρ represent the weight percentage and the density, and r and f stand 

for resin and fiber, respectively. 
The tensile test of composites was carried out according to the ASTM D3039 
standard (Figure 4). Furthermore, the impact tests were carried out through the 
Charpy methods according to the ASTM D6110 standard. Figure 5 shows the 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



dimensions of the impact test specimens. Six identical test specimens were prepared 
for tensile and impact test to ensure the uniformity of the test. Scanning Electron 
Microscopy (SEM) was used to investigate the tensile test fracture surface of the 
composite. 

 

 
Figure 4. Dimension of Tensile Test Specimen 

 
 

 
Figure 5. Dimension of Impact Test Specimen of Composite 

 
3. RESULTS AND DISCUSSIONS 

The density and porosity test results in Figure 6, shows that both the 
unidirectional and woven composites increased in mass fraction, while 0, 15, 25 
and 35 % wt. increase in the porosity of the composites was observed. Furthermore, 
figure 6 also shows that for the woven fiber composite, there was an increase in 
porosity almost linearly from 0.35% to 13.82% with the addition of 35% fiber. The 
unidirectional WH fiber composite, increased from 15 % to 35 % wt., afterwards, 
the porosity did not increase significantly. Composites woven fibers also provided 
more voids than composites UD fibers. For woven fibers, the voids form inside 
tows, in resin-rich regions or at tow corners, and between plies in composites. 
Meanwhile, for UD fibers, the voids form within and between the plies [28, 29]. 
The difference in the direction of the fibers for the composites woven fiber leads to 
air entrapment and increased porosity. The main source of air entrapment is the 
inhomogeneous fiber architecture, which leads to a non-uniform fiber permeability 
carried out with subsequent local variations in resin velocity [30].  
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Figure 6. Density and Porosity of WH fibers Composites 

 

 
 

 
 

 
 

 
 

 
Figure 7. Fracture specimens (a) 15 % unidirectional WH fiber composite  

(b) 15 % WH woven fiber composite (c) 25 % unidirectional WH fiber composite 
(d) 25 % WH woven fiber composite (e) 35 % unidirectional WH fiber composite 

(f) 35 % WH woven fiber composite 
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Figure 7 shows the specimen after it was tensile tested, with fracture in the 
gauge length area. Figure 8 shows the tensile test results of the woven and 
unidirectional WH fiber composites reinforced with epoxy resin. The tensile 
strength of the woven WH fiber composite was in inverse proportion to the 
percentage of WH fibers in the composite. An increased fiber mass fraction from 0 
to 15%, led to an insignificant decrease in the tensile strength of the composite. 
Furthermore, with a 35% addition, for every 10% increase in fiber mass fraction, 
the tensile strength of the composite decreases by about 11-13%. Composite 
elongation also decreased with the increase in % wt. of WH woven fibers, which 
also showed that its tensile strength was in direct proportion to the percentage 
weight of the WH fiber. This tensile strength increased by approximately 10% as 
the % wt. of WH fibers increased from 15% to 25%. For addition of 35% wt. of 
WH fiber, the tensile strength of composites increased by about 37%. Compared to 
the tensile strength of epoxy resin, the composite tensile strength of 35 % wt. for 
unidirectional WH fiber increased from 41 MPa to 60 MPa or by about 46 %. 
Furthermore, the lowest composite tensile strength for WH fibers in this study was 
30 MPa for woven WH fibers composites containing 35% wt. This result was higher 
than that of Saputra et al., which discovered that the highest tensile strength was 
28.36 MPa [31]. Figure 9 shows the specific tensile strength of composites, which 
shows that there were no significant differences in the tensile strengths of WH 
woven fibers composites. Furthermore, reinforcement by WH fibers compensates 
for the decreasing tensile strength of the composite from porosity. The UD WH 
fiber composites of 35 % wt., increases in specific tensile strength by about 60 %, 
which means that, it is in direct proportion with the specific tensile strength of 
composites.   

 

 
Figure 8. Tensile strength and elongation WH Fibers Reinforced Epoxy-Resin 
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The single fiber of water hyacinth has a tensile strength of around 105 - 313 

MPa [32]. The results of the tensile test show that woven water hyacinth did not 
provide an effect of increasing strength on uniaxial tensile loads. Furthermore, the 
increased mass percentage of the WH reinforcing fibers led to increased composite 
porosity. A larger volume of woven reinforcing fibers leads to an increase in voids 
[30, 33], due to the pores being trapped causing a void between the matrix and fibers 
[34]. The increasing porosity also caused by the incomplete infiltration of resin in 
the hand lay-up process. Voids of composite produce stress concentration on the 
matrix. For the longitudinal fibers, voids lead to the potential change in stress 
transfer and redistribution and the cracking of the transverse plies [28]. The voids 
between fiber and matrix lead to a fiber pull-out fracture as shown in Figure 11a, 
11b and 11c.  

Composites had an increased tensile strength due to the unidirectional 
properties of the WH fiber. The unidirectional fiber has a higher percentage of fiber 
in the direction of tensile load than woven fiber. Based rule of mixture theory, 
higher % wt. of fiber on axis direction of load yields higher values of tensile strength 
than the combination of axial and transversal fiber direction in woven fiber.  
Additionally, an increase in the percentage weight of these fiber composites also 
improves tensile strength. This is coherent with the density and porosity test results 
in Figure 6, which shows that the composites with directional woven fiber exhibited 
a significant increase in porosity as the fiber percentage weight is increased. The 
porosity of UD WH fiber composites remained constant as the weight percentage 
of WH fibers increased. Hence, composites with directional woven fiber increased 
in % wt. and porosity significantly.  

 

 
Figure 9. The specific tensile strength of WH Fiber Reinforced with Epoxy-Resin 
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Figure 10 shows the impact strength of WH fiber reinforced with epoxy-resin. 

This composite strength was in direct proportion to WH fiber rise of % wt. 
Increasing of % wt. of UD fiber from 0 % to 35 % wt., increase the impact strength 
of composite about 28 %. The impact strength of woven fiber composite increases 
about 22 % when the % wt. of fiber increase from 0 % to 35 % wt. The highest 
impact strength is about 0.82 kJ/cm2 at the UD fiber composite with 35 % wt. of 
fiber. Figure 10 also shows specifics impact strength of composite. Graph in Figure 
10 shown that specific impact strength of composite with 35 % wt. woven WH fiber 
higher than specific impact strength of 35 % wt. of UD composite. The porosity on 
woven composite produced lighter composite than UD composite. Woven WH 
fibers increase the impact strength of the composite and produce a tougher 
composite. Woven WH fibers have good ability to absorb large share kinetic energy 
so fibers role should be crack stopper [35]. The UD composite fibers break at the 
impact axis and the failure of the woven specimen is caused by shear stress [36]. 
The increase in composite impact strength is due to the interface strength between 
the woven WH fiber and epoxy - resin matrix contributes to the transfer load from 
the matrix fiber. This characteristic allows the WH fiber composites to absorb more 
energy. The fiber flexibility that slides out of the matrix did not break but increased 
the energy needed to rupture the specimen [37].  

 

 
Figure 10. Impact Strength of Composites WH Fibers reinforced Epoxy-Resin 
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Figure 11. SEM Micrograph Surface Fracture of Composites (a) 15 % WH 
woven fiber composite (b) 25 % WH woven fiber composite (c) 35 % WH woven 

fiber composite (d) 15 % unidirectional WH fiber composite (e) 25 % 
unidirectional WH fiber composite (f) 35 % unidirectional WH fiber composite. 

 
Furthermore, the SEM photomicrographs of the fracture surface were used to 

analyze the WH fiber and matrix adhesion in the composites. The cross-section of 
these tensile-tested specimens was selected for analysis. Figure 11.a – 11.f shows 
the fracture surface SEM images of the WH fiber-reinforced epoxy resin composite. 
Meanwhile, figure 11.a, 11.b and 11.c shows the samples with 15, 25, 35 % of WH 
woven fiber. Figure 11.d, 11.e and 11.f shows the composite with 15, 25, 35 % of 
UD WH fiber. From the fractographic examinations by SEM, the fracture behavior 
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of composite was brittle. Some pores, which originated from the fiber pull-out 
phenomena were found in all cases, while fracture phenomena were also observed 
in the UD WH fiber. SEM images showed that the WH fiber and epoxy resin were 
mechanically bound, however, there was no chemical bonding between the WH 
fiber and epoxy resin. Furthermore, similar natural fiber and polymer adhesion were 
experimented with and discussed within natural fiber-reinforced plastic composites 
[38,39]. For this reason, the mechanical properties of UD WH fiber epoxy resin 
composites had a 60% increase. 

 
 
CONCLUSION 
Previous researchers that used water hyacinth fiber as a composite reinforcement in 
the form of stem, stem chopped, sawdust, and powder produced mechanical 
properties under the tensile strength of the matrix material. The use of UD WH  
fiber as reinforcement results in an increasing of strength of composite. The lowest 
tensile strength produced in this research is also higher than the highest tensile 
strength produced by previous researchers. Increasing the % wt. of the WH woven 
fibers decreased the tensile strength of the epoxy resin composites. Furthermore, 
the % wt. of WH woven fibers was in direct proportion to the number of pores or 
voids between the fibers and matrix which led to a delamination mode fracture. The 
rise of % wt. of fibers increases the tensile and impact strength of unidirectional 
WH fibers epoxy resin composite. The utilization of WH fibers obtained an 
increased effective reinforcement. The impact strength of composites was in direct 
proportion to the rise of % wt. of WH woven fibers. The mechanical properties of 
unidirectional WH fiber higher than mechanical properties of woven WH fiber 
composite. 
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ABSTRACT 
 
The high growth of Water Hyacinth/Eichhornia crassipes (WH) led to several 
problems such as ecosystem, irrigation, and sedimentation. The rapid growth of 
water hyacinth in natural rivers, reservoir, lake and canals causes drainage problems 
in many nations. As a result, local offices must spend significant annual budgets to 
dispose of water hyacinth wastes. Meanwhile, cellulose fiber from WH had a 
potential application in natural fiber composite (NFC). This study investigated the 
development and use of water hyacinth wastes for the production of unidirectional 
dan weaved fiber epoxy resin composites. The purpose of this research is to 
investigate at the mechanical and physical properties of unidirectional WH and 
woven fiber reinforced epoxy resin composites in variation of 0 % wt., 15 % wt., 
25 % wt. and 35 % wt. of WH fibers. The WH fiber was obtained from a 
mechanically processed WH plants. The composites were manufactured through 
the hand lay-up method. The tensile and impact tests were carried out based on 
ASTM D3039 and ASTM D6110 respectively, while the density of composites was 
tested based on the Archimedes rule. The results of this study showed that 
increasing of % wt. of the WH woven fiber, the tensile strength of composite 
decrease. The impact strength of composites increases by the rise of % wt. of the 
WH woven fibers. The % wt. of WH woven fibers was in direct proportion to the 
amount of pore or void between the fibers and matrix, which led to a delamination 
mode fracture. Tensile and impact strength of unidirectional WH fiber increase by 
increasing the % wt. of WH fibers. 
 
Keywords: Composite, Epoxy-resin, Water Hyacinth, Woven fiber, Unidirectional 
fiber. 
 
1. INTRODUCTION 

Natural fibers are a useful class of materials that are environmentally clean, 
renewable, and biodegradable resources. They are also used in manufacturing 
natural fiber composites with advantages which include low impact on the 
environment, renewability, inexpensive and easily degraded [1-4]. However, the 
use of natural fibers as a reinforcement of composites is still experiencing several 
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problems such as, low mechanical properties, hydrophilic properties, limited 
processing temperatures, low matrix and fiber binding forces that are easily 
degraded [5,6]. Furthermore, studies on the development of natural fiber properties 
were carried out by pretreating or engineering the manufacturing method [7,8]. 

Water hyacinth (Eichhornia crassipes) is a type of aquatic plant that floats on 
the surface of the water. It grows aggressively and was a nuisance on almost all 
continents for more than 100 years. Furthermore, its high population growth led to 
several problems related to ecosystem balance, decreased fish production, loss of 
endemic organisms and sedimentation [9-11]. Numerous studies were carried out 
to utilize water hyacinth plants as absorbers of heavy metals, absorbing dye waste, 
biofuel and biogas production, composite catalyst and reinforcing composites [12-
19]. 

Based on previous studies, the problem associated with the utilization of WH 
materials for composite reinforcement includes, low mechanical strength, ease of 
water absorption leading to a reduced fiber bond with the matrix and weak 
compatibility of the WH fiber with the polymer matrix [20-22]. The results of this 
study show that for these composites, the mechanical properties were relatively low. 
Although the use of WH fiber as composite reinforcement still requires further 
studies, it has several advantages which include, increased acoustic, damping ability 
and good thermal resistance [23]. 

Previous researchers on the use of water hyacinth fiber as reinforcement 
composite still uses WH in the form of stem, stem chopped, sawdust, and powder 
[22, 24-26].  No research has been found that uses water hyacinth in the form of 
fiber or woven fibers. The use of natural fiber as a composite reinforcement, the 
shape of the reinforcement affects the mechanical properties of composite. This 
research uses water hyacinth in the form of fibers, either unidirectional or woven 
fibers. WH fiber can be obtained by extracting WH stem. The WH plant extraction 
process affected the mechanical properties of the fiber composite. This process aims 
to separate plant fibers from the wax, pectin, hemicellulose and lignin layers. Also, 
there were several methods used to extract plant fibers from the parent plant, 
namely: immersion, chemical methods or mechanical methods [27]. Therefore, this 
study aims to investigate the mechanical and physical properties of composites 
reinforced with unidirectional and woven WH fibers. 

 
2. MATERIALS AND METHODS 
2.1.  Materials 

The water hyacinth plants used, were obtained from swamps in Tanggul 
Village, Mijen District, Demak Regency, Central Java, Indonesia with 50-70 cm 
length of stems. These plants were mechanically extracted to yield the WF fibers 
(Figure 1). The fiber extraction was carried out by brushing the WH stems using an 
iron brush. The fiber is then dried in the sun. After that, 10 strands of the dry WH 
fibers were twisted to produce yarn (Figure 2). The water hyacinth yarns were 
prepared by yarn craftsmen using a traditional yarn spinner. The WH yarns were 
then woven using a loom. The weaving process was carried out by traditional cloth 
craftsmen. This process produced WH mat with dimensions of 30 x 40 cm with 
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direction of yarn 0°/90° (Figure 3). The natural composite was manufactured using 
epoxy Bakelite® EPR 174 and resin hardener V-140 as a matrix. 

 
2.2. Preparation of Composites 

The hand lay-up method was used to fabricate the unidirectional WH fiber 
composite and woven WH composites. This was conducted by applying an epoxy-
resin matrix to the WH fibers in the mold specimens with dimension of 30 x 40 cm 
using a paintbrush and roller. The composite tensile and impact test specimens were 
manufactured in variations of the WH fiber reinforcement of 0%, 15 %, 25 % and 
35 % wt. The coding of these specimens is shown in Table 1. 
Table 1. Specimens testing code 
Code  Meaning 
E(0)  Epoxy – resin, 0 % WH fibers 

E(15)  Epoxy – resin, 15 % WH fibers 

E(25)  Epoxy – resin, 25 % WH fibers 

E(35)  Epoxy – resin, 35 % WH fibers 
 

Afterward, the composites were compressed and vacuumed to remove voids 
and obtain a smoothen surface. After removing the produced composite specimen 
from the mold, specimens of appropriate dimensions were made in accordance with 
ASTM D3039 requirements. Water jet cutting technique is used for cutting the test 
specimen as per the required shape. The test specimen having dimension of length 
250 mm, width of 25 mm and thickness of 3 mm were prepared for tensile testing.  

 

 
Figure 1. Water Hyacinth Fibers 
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Figure 2. Water Hyacinth Yarn 

 

 
Figure 3. Water Hyacinth Woven Yarn 

 
2.3. Characterization of Composites 
The actual density of composites was measured using a densimeter based on 
Archimedes law according to ASTM D792. According to ASTM D2734 the 
porosity can be obtained by the relative difference between theoretical density of 
composite and measured density of composite (ρm). The density of composite (ρm) 

can be measured through water buoyancy by Archimedes Principle (ASTM D792). 
This leads to the following equation for calculation of the porosity (eq. 1).  
 

Porosity = 100 – ρm{(Wr/ρr) + (Wf/ρf)} (1) 
 

where W and ρ represent the weight percentage and the density, and r and f stand 

for resin and fiber, respectively. 
The tensile test of composites was carried out according to the ASTM D3039 
standard (Figure 4). Furthermore, the impact tests were carried out through the 
Charpy methods according to the ASTM D6110 standard. Figure 5 shows the 
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dimensions of the impact test specimens. Six identical test specimens were prepared 
for tensile and impact test to ensure the uniformity of the test. Scanning Electron 
Microscopy (SEM) was used to investigate the tensile test fracture surface of the 
composite. 

 

 
Figure 4. Dimension of Tensile Test Specimen 

 
 

 
Figure 5. Dimension of Impact Test Specimen of Composite 

 
3. RESULTS AND DISCUSSIONS 

The density and porosity test results in Figure 6, shows that both the 
unidirectional and woven composites increased in mass fraction, while 0, 15, 25 
and 35 % wt. increase in the porosity of the composites was observed. Furthermore, 
figure 6 also shows that for the woven fiber composite, there was an increase in 
porosity almost linearly from 0.35% to 13.82% with the addition of 35% fiber. The 
unidirectional WH fiber composite, increased from 15 % to 35 % wt., afterwards, 
the porosity did not increase significantly. Composites woven fibers also provided 
more voids than composites UD fibers. For woven fibers, the voids form inside 
tows, in resin-rich regions or at tow corners, and between plies in composites. 
Meanwhile, for UD fibers, the voids form within and between the plies [28, 29]. 
The difference in the direction of the fibers for the composites woven fiber leads to 
air entrapment and increased porosity. The main source of air entrapment is the 
inhomogeneous fiber architecture, which leads to a non-uniform fiber permeability 
carried out with subsequent local variations in resin velocity [30].  
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Figure 6. Density and Porosity of WH fibers Composites 
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Figure 7. Fracture specimens (a) 15 % unidirectional WH fiber composite  
(b) 15 % WH woven fiber composite (c) 25 % unidirectional WH fiber composite 
(d) 25 % WH woven fiber composite (e) 35 % unidirectional WH fiber composite 

(f) 35 % WH woven fiber composite 
 

Figure 7 shows the specimen after it was tensile tested, with fracture in the 
gauge length area. Figure 8 shows the tensile test results of the woven and 
unidirectional WH fiber composites reinforced with epoxy resin. The tensile 
strength of the woven WH fiber composite was in inverse proportion to the 
percentage of WH fibers in the composite. An increased fiber mass fraction from 0 
to 15%, led to an insignificant decrease in the tensile strength of the composite. 
Furthermore, with a 35% addition, for every 10% increase in fiber mass fraction, 
the tensile strength of the composite decreases by about 11-13%. Composite 
elongation also decreased with the increase in % wt. of WH woven fibers, which 
also showed that its tensile strength was in direct proportion to the percentage 
weight of the WH fiber. This tensile strength increased by approximately 10% as 
the % wt. of WH fibers increased from 15% to 25%. For addition of 35% wt. of 
WH fiber, the tensile strength of composites increased by about 37%. Compared to 
the tensile strength of epoxy resin, the composite tensile strength of 35 % wt. for 
unidirectional WH fiber increased from 41 MPa to 60 MPa or by about 46 %. 
Furthermore, the lowest composite tensile strength for WH fibers in this study was 
30 MPa for woven WH fibers composites containing 35% wt. This result was higher 
than that of Saputra et al., which discovered that the highest tensile strength was 
28.36 MPa [31]. Figure 9 shows the specific tensile strength of composites, which 
shows that there were no significant differences in the tensile strengths of WH 
woven fibers composites. Furthermore, reinforcement by WH fibers compensates 
for the decreasing tensile strength of the composite from porosity. The UD WH 
fiber composites of 35 % wt., increases in specific tensile strength by about 60 %, 
which means that, it is in direct proportion with the specific tensile strength of 
composites.   
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Figure 8. Tensile strength and elongation WH Fibers Reinforced Epoxy-Resin 

 
The single fiber of water hyacinth has a tensile strength of around 105 - 313 

MPa [32]. The results of the tensile test show that woven water hyacinth did not 
provide an effect of increasing strength on uniaxial tensile loads. Furthermore, the 
increased mass percentage of the WH reinforcing fibers led to increased composite 
porosity. A larger volume of woven reinforcing fibers leads to an increase in voids 
[30, 33], due to the pores being trapped causing a void between the matrix and fibers 
[34]. The increasing porosity also caused by the incomplete infiltration of resin in 
the hand lay-up process. Voids of composite produce stress concentration on the 
matrix. For the longitudinal fibers, voids lead to the potential change in stress 
transfer and redistribution and the cracking of the transverse plies [28]. The voids 
between fiber and matrix lead to a fiber pull-out fracture as shown in Figure 11a, 
11b and 11c.  

Composites had an increased tensile strength due to the unidirectional 
properties of the WH fiber. The unidirectional fiber has a higher percentage of fiber 
in the direction of tensile load than woven fiber. Based rule of mixture theory, 
higher % wt. of fiber on axis direction of load yields higher values of tensile strength 
than the combination of axial and transversal fiber direction in woven fiber.  
Additionally, an increase in the percentage weight of these fiber composites also 
improves tensile strength. This is coherent with the density and porosity test results 
in Figure 6, which shows that the composites with directional woven fiber exhibited 
a significant increase in porosity as the fiber percentage weight is increased. The 
porosity of UD WH fiber composites remained constant as the weight percentage 
of WH fibers increased. Hence, composites with directional woven fiber increased 
in % wt. and porosity significantly.  
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Figure 9. The specific tensile strength of WH Fiber Reinforced with Epoxy-Resin 

 
Figure 10 shows the impact strength of WH fiber reinforced with epoxy-resin. 

This composite strength was in direct proportion to WH fiber rise of % wt. 
Increasing of % wt. of UD fiber from 0 % to 35 % wt., increase the impact strength 
of composite about 28 %. The impact strength of woven fiber composite increases 
about 22 % when the % wt. of fiber increase from 0 % to 35 % wt. The highest 
impact strength is about 0.82 kJ/cm2 at the UD fiber composite with 35 % wt. of 
fiber. Figure 10 also shows specifics impact strength of composite. Graph in Figure 
10 shown that specific impact strength of composite with 35 % wt. woven WH fiber 
higher than specific impact strength of 35 % wt. of UD composite. The porosity on 
woven composite produced lighter composite than UD composite. Woven WH 
fibers increase the impact strength of the composite and produce a tougher 
composite. Woven WH fibers have good ability to absorb large share kinetic energy 
so fibers role should be crack stopper [35]. The UD composite fibers break at the 
impact axis and the failure of the woven specimen is caused by shear stress [36]. 
The increase in composite impact strength is due to the interface strength between 
the woven WH fiber and epoxy - resin matrix contributes to the transfer load from 
the matrix fiber. This characteristic allows the WH fiber composites to absorb more 
energy. The fiber flexibility that slides out of the matrix did not break but increased 
the energy needed to rupture the specimen [37].  
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Figure 10. Impact Strength of Composites WH Fibers reinforced Epoxy-Resin 
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Figure 11. SEM Micrograph Surface Fracture of Composites (a) 15 % WH 
woven fiber composite (b) 25 % WH woven fiber composite (c) 35 % WH woven 

fiber composite (d) 15 % unidirectional WH fiber composite (e) 25 % 
unidirectional WH fiber composite (f) 35 % unidirectional WH fiber composite. 

 
Furthermore, the SEM photomicrographs of the fracture surface were used to 

analyze the WH fiber and matrix adhesion in the composites. The cross-section of 
these tensile-tested specimens was selected for analysis. Figure 11.a – 11.f shows 
the fracture surface SEM images of the WH fiber-reinforced epoxy resin composite. 
Meanwhile, figure 11.a, 11.b and 11.c shows the samples with 15, 25, 35 % of WH 
woven fiber. Figure 11.d, 11.e and 11.f shows the composite with 15, 25, 35 % of 
UD WH fiber. From the fractographic examinations by SEM, the fracture behavior 
of composite was brittle. Some pores, which originated from the fiber pull-out 
phenomena were found in all cases, while fracture phenomena were also observed 
in the UD WH fiber. SEM images showed that the WH fiber and epoxy resin were 
mechanically bound, however, there was no chemical bonding between the WH 
fiber and epoxy resin. Furthermore, similar natural fiber and polymer adhesion were 
experimented with and discussed within natural fiber-reinforced plastic composites 
[38,39]. For this reason, the mechanical properties of UD WH fiber epoxy resin 
composites had a 60% increase. 

 
 
CONCLUSION 
Previous researchers that used water hyacinth fiber as a composite reinforcement in 
the form of stem, stem chopped, sawdust, and powder produced mechanical 
properties under the tensile strength of the matrix material. The use of UD WH  
fiber as reinforcement results in an increasing of strength of composite. The lowest 
tensile strength produced in this research is also higher than the highest tensile 
strength produced by previous researchers. Increasing the % wt. of the WH woven 
fibers decreased the tensile strength of the epoxy resin composites. Furthermore, 
the % wt. of WH woven fibers was in direct proportion to the number of pores or 
voids between the fibers and matrix which led to a delamination mode fracture. The 
rise of % wt. of fibers increases the tensile and impact strength of unidirectional 
WH fibers epoxy resin composite. The utilization of WH fibers obtained an 
increased effective reinforcement. The impact strength of composites was in direct 
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proportion to the rise of % wt. of WH woven fibers. The mechanical properties of 
unidirectional WH fiber higher than mechanical properties of woven WH fiber 
composite. 
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