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Abstract—Zinc Oxide (ZnO) is a relatively soft material with 

an approximate hardness of 4.5 on the Mohs scale. Its elastic 

constant is smaller than that of the relevant semiconductor. The 

purpose of conducting this research was to determine the effect of 

zinc Oxide on the impact strength of polymeric foam composite 

materials, to determine the best composition of composite 

materials reinforced by Oil Palm Empty Bunches (EFB) and Zinc 

Oxide (ZnO) as reinforcing composite materials. Zinc Oxide 

Treatment (ZnO) 5%, 10%, 15%, and 20% with different sizes of 

each fiber of Oil Palm Empty Bunches (EFB) which are different, 

namely mesh 40, 60, 80, 100. The method used hand lay up which 

the direct pouring method. This method is done by attaching or 

touching the constituent materials in an open mold, slowly 

leveling it using a grading wheel or applying external pressure. 

The best composition of this research is mesh 100 with Zinc 

Oxide (ZnO) 15% with an Impact value of 2.65116 Joules. 

Keywords—polymeric foam composite, Oil Palm Empty Fruit 

Bunch (EFB), Zinc Oxide (ZnO), impact strength 

I.  INTRODUCTION 

Developments in the field of materials engineering have led 
researchers to produce lighter and stronger materials known as 
composite materials [1]. Composite materials produce 
materials that have high strength so that they can be used to 
replace existing materials such as metal samples, due to limited 
non-renewable natural resources [2]. Besides that, the 
manufacture of this material is very economical and affordable 
[3]. 

Composite is a new type of material engineered, which 
consists of two or more materials that remain separate and 
different at a macroscopic level while forming a single 
component, resulting in a composite material that has different 
mechanical properties and characteristics from the material it 
forms [4]. Composites are heterogeneous on a macroscopic 
scale [5]. Each of these composite constituent materials has 
different properties and when combined in a certain 
composition, new properties are formed that are adjusted to the 
wishes [6]. 

The advantages of composites can be seen from the 
characteristics of the constituent materials and the 
characteristics of the composites themselves, including (a). 
Light, strong and stiff material, (b). The structure can change 
according to changes in the surrounding conditions, (c). 
Superior in required engineering material properties; high 
strength, hard, tough/supple, lightweight, and resistant to 
scratches and blows (impact) [7,8].  

One of the advantages of composite materials is the ability 
of the material to adjust its strength according to usage needs. 
This is called the tailoring property and it is one of the special 
properties of composites compared to other conventional 
materials [9]. In addition, composites are resistant to high 
corrosion and also have high resistance to loads. Therefore, 
strong, stiff, and brittle materials are used for fiber materials, 
while for matrix materials, materials that are tough and soft are 
selected [10]. 

The matrix serves as a support, phase binder/amplifier. The 
fiber reinforcement is the reinforcing element to the matrix. 
Whereas a Composite is a combination or mixture of two or 
more separate materials to produce new materials with stronger 
properties than the matrix and reinforcing materials [4,8]. Fiber 
Oil Palm Empty Fruit Bunch (EFB) is a natural fiber made 
from oil palm empty fruit bunches which is a waste in the 
processing at a palm oil mill. In this study, the fiber of the Oil 
Palm Empty Bunches. In this study Fiber, Oil Palm Empty 
Fruit Bunch (EFB) is used as a reinforcing element that is 
produced [11]. 

Oil palm empty fruit bunches (EFB) are a material that is 
hard and strong and almost has morphological similarities with 
coconut coir [12]. SEM image (scanning electron microscopic) 
of fiber Oil Palm Empty Fruit Bunch (EFB) taken to indicate 
the presence of a void at the center surrounded by a porous 
tubular structure [13]. 

The impact test is a test that is carried out to test the 
toughness of a specimen when it is given a sudden load 
through an impact [14]. Toughness is a measure of the energy 
required to break or break a material which is measured from 
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the area under the stress-strain curve. A material may have high 
tensile strength but it does not meet the requirements for shock 
loading conditions [15,16]. An alloy has a fracture toughness 
parameter which is defined as a combination of critical stress 
and cracks length [17]. 

The basis of this test is the absorption of potential energy 
from a load pendulum that swings from a certain height and 
hits a deformed object [18]. Charpy impact testing standard 
based on ASTM D-5942. A tough material if it can absorb 
large shock loads without cracking or deforming easily. In 
impact testing, the energy absorbed by the test object is usually 
expressed in Joules and read directly on the calibrated scale 
(dial) on the testing machine. If a pendulum with weight G and 
at position h1 is released, it will swing to the final position at a 
height of h2 which is also almost the same as its original height 
(h1), where the pendulum swings freely. On a good testing 
machine, the scale will show more than 0.05 kilograms of 
effort (kg.m). When the pendulum is released from a high-level 
position, the pendulum will swing to hit the test rod, and then 
energy will absorb into a test rod [19]. 

The principle of this impact testing is to calculate the 
energy applied to the load and calculate the energy absorbed by 
the specimen. When the load is raised at a certain height, the 
load has potential energy, then when hitting the specimen, the 
kinetic energy reaches the maximum [20] .The energy 
absorbed by the specimen will cause the specimen to fail. The 
form of failure depends on the type of material, whether brittle 
fracture or fracture. By varying temperature changes, the 
fracture shape and energy absorbed by the specimen can be 
seen [21]. In the study conducted fiber Cyclone EFB has been 
shown to increase the value of the tensile test strength 
polymeric foam composite material. Polymeric foam 
composites use Oil Palm Empty Bunches fiber which has the 
best tensile strength of specimen B with a composition (70% 
Polymer, 15% Polyurethane, and 15% fiber) with a tensile load 
of 874,267 N, the stress of 9,014 MPa, and a strain of 0.025 
mm/mm [22].  

The addition of zinc oxide (ZnO) to a composite is one way 
to determine the effect of zinc oxide (ZnO) on the impact value 

of a composite. Zinc is a metal that is bluish-white, lustrous, 
and is diamagnetic. However, most commercial grade zinc is 
not glossy. Zinc is slightly less dense than iron and has a 
hexagonal crystal structure. Zinc reacts readily with non-
oxidizing acids, releasing H2 and producing divalent ions. Zinc 
is easy to react when heated in O2 to produce the oxide, zinc 
can also dissolve in strong bases because of its ability to form 
zinc ions which are usually written as ZnO2. Zinc oxide is an 
inorganic compound with the ZnO formula [23]. 

II. METHODOLOGY 

A. Material Treatment 

In this study, in the process of printing composites as test 
objects, the authors carried out two types of composite printing, 
the first was the process of printing the palm empty fruit bunch 
fiber composite, and the second was the process of printing the 
composite with palm empty fruit bunches (EFB) and Zinc 
oxide (ZnO). The step of treatment material is preparing of 
EFB, soaking EFB waste in NaOH, cleaning of EFB, need to 
dry in the sunrise, reducing EFB into small size (5 to 10 cm), 
refining fibers size and meshing fibers are made in 40, 60, 80, 
100 of mesh size.  

B. Specimen Testing 

The form of test specimens used in this study has used 
specimen impact test specimen prepared 
following ASTM D5942-96 test standard and conducted using 
charpy impact testing machine. 

III. RESULTS AND DISCUSSIONS 

Figure 1(a), we can see the impact test shows that each 
specimen with mesh 40 absorbs Energy (E) of more than 
159.4613 Joules from the pendulum Charpy Work (W) on the 
pendulum to break the specimen worth 0.012757 kg.m. The 
curve shows that the specimen 4 have the highest impact 
strength (IS) 0f 2.155083 Joules/mm2 with 15 % ZnO more 
than another specimens. 

 

 
(a) 

 
(b) 

Fig. 1. Comparison of impact value with EFB meshing size 40 and 60. 
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Figure 1(b) shows the impact test of each specimen with 

EFB mesh 60 absorbs Energy (E) more than 138.2654 Joules 
from the pendulum Charpy Work (w) on the pendulum to 
break the specimen worth 0.011061 kg.m. The curve shows the 
comparision of impact value have the highest impact strength 
(IS) of 2.156275 Joules is specimen 4 with 15% ZnO. 

Figure 2(a) shows that the impact test of each specimen 
with 80 mesh of EFB absorbs Energy (E) more than 142.2928 
Joules from the pendulum Charpy Work (w) on the pendulum 
to break the specimen worth 0.011383 kg.m. The diagram 
shows that specimen 4 with EFB 80 mesh size and 15% ZnO 
also shows the highest impact value of the five compositions of 
the test specimen is specimen 4 with a value of 2.62116 Joules. 

 

 
(a) 

 
(b) 

Fig. 2. Comparison of impact value with EFB meshing size 80 and 100. 

Diagram at figure 2(b) shows that the impact test of each 
specimen with EFB meshing of 100 and 15% ZnO absorbs 
Energy (E) of more than 105.1793 Joules from the pendulum 
Charpy Work (w) on the pendulum to break the specimen 
worth 0.008414 kg.m. The diagram shows that specimen 4 
with EFB 100 meshing size and 15% ZnO also shows the 
highest impact value of the five compositions of the test 
specimen is specimen 4 with a value of 2.65116 Joules. 

 

Fig. 3. Comparison of impact values based on EFB fiber size. 

Figure 3 shows the comparison of the value of the impact 
strength of each specimen based on the size of the EFB fiber, 
showing that the highest value of impact strength is a specimen 

with a composition of 15% ZnO with an EFB fiber mesh size 
of 100 with an impact strength value of 2.65116 Joules. 

IV. CONCLUSIONS 

The impact strength of the composite material reinforced 
with EFB and ZnO as a reinforcing composite material 
increased significantly compared to composites without ZnO. 
Specimens with a composition of 15% ZnO with EFB fiber 
size 100 mesh were the specimens with the highest impact 
value compared to EFB fiber mesh sizes 40, 60 and 80, with an 
impact value of 2.65116 Joules. The addition of ZnO above 
15% decreased the impact value of the composite material on 
each EFB fiber size. 

 

REFERENCES 

 
[1] A.C. Pereira, S.N. Monteiro, F.S. de Assis, F.M. Margem, F.S. da Luz, 

and F. de O. Braga, “Charpy Impact Tenacity of Epoxy Matrix 
Composites Reinforced with Aligned Jute Fibers,” J. Mater. Res. 
Technol., vol. 6, no. 4, pp. 312–316, 2017. 

[2] D. Trache, M.H. Hussin, C.T. Hui Chuin, S. Sabar, M.R.N. Fazita, 
O.F.A. Taiwo, T.M. Hassan, and M.K.M. Haafiz, “Microcrystalline 
Cellulose: Isolation, Characterization and Bio-Composites 
Application—A Review,” International Journal of Biological 
Macromolecules, vol. 93. Elsevier B.V., pp. 789–804, Dec. 2016. 

[3] Z. Arif, T.A. Adlie, F. Amir, S. Thalib, N. Ali, Nazaruddin, and 
Mustafa, “Tensile Loading on Composite Polymeric Foam Reinforced 

Advances in Social Science, Education and Humanities Research, volume 576

279



by Empty Fruit Bunch Waste (EFB),” Int. Conf. Sci. Technol. Mod. 
Soc., vol. 1, no. 1, pp. 168–171, 2017. 

[4] Z. Arif, Husaini, N. Ali, and S. Mulyati, “Study on Mechanical 
Properties of Composite Polymeric Foams Reinforced by Bagasse 
Fibers,” in IOP Conference Series: Materials Science and Engineering, 
2019, vol. 536, no. 1. 

[5] A.K. Rajasekharan, R. Bordes, C. Sandström, M. Ekh, and M. 
Andersson, “Hierarchical and Heterogeneous Bioinspired Composites-
Merging Molecular Self-Assembly with Additive Manufacturing,” 
Small, vol. 13, no. 28, p. 1700550, 2017. 

[6] S. Mourdikoudis, R.M. Pallares, and N.T.K. Thanh, “Characterization 
Techniques for Nanoparticles: Comparison and Complementarity upon 
Studying Nanoparticle Properties,” Nanoscale, vol. 10, no. 27. Royal 
Society of Chemistry, pp. 12871–12934, Jul. 2018. 

[7] Z. Arif, Husaini, N. Ali, and Sri, “Compressive Loading on Composite 
Polymeric Foam Material Reinforced by Sugar Cane Bagasse,” Int. J. 
Sci. Res., vol. 7, no. 7, pp. 2319–7064, 2018. 

[8] T.A. Adlie, Z. Arif, F. Amir, S. Rizal, N. Ali, and S. Thalib, “The Effect 
of Fiber Size of Oil Palm Empty Fruit Brunches to the Tensile Strength 
of the Polymeric Foam Composite,” Int. J. Sci. Res., vol. 7, no. 7, pp. 
2319–7064, 2018. 

[9] G. Carvalho, G. Piovezan, M. Pereira, A. Wellington, J. Carla, E. 
Radovanovic, and S.L. F, “Mechanical Properties of a Polyurethane 
Hybrid Composite with Natural Lignocellulosic Fi Bers,” vol. 110, pp. 
459–465, 2017. 

[10] V. Dhand, G. Mittal, K.Y. Rhee, S.J. Park, and D. Hui, “A Short Review 
on Basalt Fiber Reinforced Polymer Composites,” Compos. Part B Eng., 
vol. 73, pp. 166–180, 2015. 

[11] B. Syam, A. Sebayang, S. Sebayang, M. Muttaqin, H. Darmadi, W. 
Basuki, M. Sabri, and S. Abda, “Design and Production of Stopper 
Made of Concrete Foam Composite Used for Open Channel Conduit 
Cover and Parking Bumper,” IOP Conf. Ser. Earth Environ. Sci., vol. 
126, no. 1, p. 012053, 2018. 

[12] N.I.S. Anuar, S. Zakaria, S. Gan, C.H. Chia, C. Wang, and J. Harun, 
“Comparison of the Morphological and Mechanical Properties of Oil 
Palm EFB Fibres and Kenaf Fibres in Nonwoven Reinforced 
Composites,” Ind. Crops Prod., vol. 127, pp. 55–65, 2019. 

[13] M. Alhijazi, Q. Zeeshan, B. Safaei, M. Asmael, and Z. Qin, “Recent 
Developments in Palm Fibers Composites: A Review,” Journal of 

Polymers and the Environment, vol. 28, no. 12. Springer, pp. 3029–
3054, Dec. 2020. 

[14] X. Wang, Z. Zhu, M. Wang, P. Ying, L. Zhou, and Y. Dong, “Study of 
Rock Dynamic Fracture Toughness by Using VB-SCSC Specimens 
under Medium-Low Speed Impacts,” Eng. Fract. Mech., vol. 181, pp. 
52–64, 2017. 

[15] W. Brostow, H.E. Hagg Lobland, and S. Khoja, “Brittleness and 
Toughness of Polymers and Other Materials,” Mater. Lett., vol. 159, pp. 
478–480, 2015. 

[16] T. Yin, S. Zhang, X. Li, and L. Bai, “A Numerical Estimate Method of 
Dynamic Fracture Initiation Toughness of Rock under High 
Temperature,” Eng. Fract. Mech., vol. 204, pp. 87–102, 2018. 

[17] N. Li, J. Zhang, W. Xing, D. Ouyang, and L. Liu, “3D Printing of Fe-
Based Bulk Metallic Glass Composites with Combined High Strength 
and Fracture Toughness,” Mater. Des., vol. 143, pp. 285–296, 2018. 

[18] S. Hastuti, C. Pramono, and Paryono, “Utilization of Palm Fiber Waste 
as Reinforcement Composite Material for the Manufacture of Public 
Housing Panel,” in AIP Conference Proceedings, Apr. 2019, vol. 2097, 
no. 1, p. 030015. 

[19] N.B. Swift, B.K. Hsiung, E.B. Kennedy, and K.T. Tan, “Dynamic 
Impact Testing of Hedgehog Spines Using a Dual-Arm Crash 
Pendulum,” J. Mech. Behav. Biomed. Mater., vol. 61, pp. 271–282, 
2016. 

[20] F. Chen and J.M. Hodgkinson, “Impact Damage,” in Wiley 
Encyclopedia of Composites, Hoboken, NJ, USA: John Wiley & Sons, 
Inc., 2011, pp. 1–14. 

[21] C.C. Ihueze, C.E. Okafor, and C.I. Okoye, “Natural Fiber Composite 
Design and Characterization for Limit Stress Prediction in Multiaxial 
Stress State,” J. King Saud Univ. - Eng. Sci., vol. 27, no. 2, pp. 193–206, 
2015. 

[22] T.A. Adlie, S. Rizal, N. Ali, S. Huzni, and S. Thalib, “Characterization 
of Polymeric Foam Composite Reinforced with Empty Fruit Bunch,” in 
IOP Conference Series: Materials Science and Engineering, Jun. 2019, 
vol. 536, no. 1, p. 012018. 

[23] M. Khairul Islam and Md., “Characterization of Zinc Based High 
Temperature Solder Alloys with Chromium and Molybdenum 
Additions,” 2017. 

 

Advances in Social Science, Education and Humanities Research, volume 576

280


