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Abstract— In the current decade, Composite materials reinforced using natural fibers have been used in a lot of 

industrial applications such as aerospace, automobiles, furniture and construction. Natural fiber composites from 

the annually renewable natural fibers and biodegradable matrices have been developed in the past decade. Since 

the region of the pharaohs, the date palm trees are used in many a lot of fields such as ropes, scuttle, the 

boats…etc. Now our study for date palm trees have been used to reinforce epoxy to be used in advanced indus-

trial applications. It is used deed a chemical treatments to date palm trees with adding(CH3COOH, HCl, and 

alkaline NaOH ) with three different concentrations 10% and 20 % and 50 % at boiling temperature )100 oC)  

for 1hr and 2hrs respect .then added epoxy for mixture . Then, these mixtures put under load 3ton for 48 hr. Af-

ter that, we cutting every kind of different treatments DPT reinforced epoxy according to test specimens by 

grinding machine to be ready for start test in machine. Flexural strength through three-point bending test is es-

tablished. Drop weight impact test is performed to measure the depth of penetration through specimens’ body, 

therefore, the effect of fallen load on the topography of the specimen and damage will be observable. The re-

sults showed that the impact strength is nearly better in case boiling for 2hr than case boiling 1hr. The same re-

sults for flexural strength that good results in case boiling 2hr more than case 1hr  
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1 INTRODUCTION                                                                     

The production of natural fibre reinforced epoxy com-

posites also has important economic potential with 

many applications in different fields .Composite mate-

rial consist of two  materials  or more than and have 

two phases; reinforced phase (fiber, particulates) and 

the matrix phase (polymer, ceramic or metal). Natural 

fibres have advantages as low cost, light weight and 

environmentally alternatives to glass fibres in compo-

sites .The Date palm tree fibres reinforced polymer as 

a composite material have been investigated in  [1-3]. 

Asadzadeh et al. [4] reinforced different types of pol-

ymers by using DPT fibre to investigate their effect on 

bending strength. They used five levels of fibre vol-

ume fraction, these fibres were mixed by coupling 

agent to increase the debondablity and interfacial ad-

hesive between polymers. The results gave enhance-

ment in bending properties and a decrease in breaking 

elongation. 

fibres, Betelie et al. [5] studied the fracture toughness 

of natural fibre reinforced epoxy. They fabricated a 

standard compact tension specimen which was ob-

tained from a composite plate manufactured using 

hand molding method technique. The results showed 

that with increasing fibre volume fraction the fracture 

toughness had getting enhancement. Natural fibres as 

a reinforcement phase with a polymer matrix to create 

friendly environmental product were attractive in 

many works [6-11]. 

Alsaeed et al. [12] used fibre pull out test method to 

measure interfacial adhesive of DPT fibre with epoxy 

resin.  DPT fibre had given treatment by NaOH alka-

line solution treatment with (0-9%) concentrations. 

SEM analysis investigated the surface morphology 

and fibre                     damage. The results recom-

mended that optimum treatment of DPT was at 6% 

concentration, while 10 mm length was the optimum 

embedded length.   

 AL-Sulaimanal [13] investigated the mechanical 

properties, water absorption and machinability of DPT 

leaves reinforced polymer composite laminates. They 

fabricated the composite laminates using three differ-

ent fabrication methods. The polymer resins were 

phenol-formaldehyde resin and a two-component Bi-

sphenol resin. They observed that both tensile and 

flexural strength had to get enhancement, while in Bi-

sphenol resin gave better results. Fatigue behaviors for 

Bisphenol resin had to get better. Water absorption al-

so for Bisphenol resin was better than phenol-

formaldehyde resin. Machinability for all composites 

was enhanced. 

The fracture toughness of reinforced composite poly-

mer was studied in many works [14-16],  but these 
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studies were about  scaling of specimen geometry with 

holes to nominal tensile strength. They extracted an 

analytical and numerical model to predict the nominal 

strength using cohesive zone model. Their results were 

in good agreement with the experimental results. 

Hassan et al [17] studied the mechanical properties 

(tensile and flexural strength) of GLARE which is 

types of fiber metal laminate composite material based 

on aluminum. It measured the tensile and flexural 

strength under the static status of loading. 

Ling et al [18] studied various curing cycles on the 

static three-point flexure and tensile strength of cross-

ply laminates of stacking sequences [0/90]3s. they con-

cluded that there was an optimum time for allaying 

curing pressure which would give beast results for 

mechanical properties. 

Giovanni and Roberto [19] studied the impact and dy-

namic behavior of glass fiber reinforced epoxy unidi-

rectional and woven laminates. They used the drop 

weight fallen impact test. it was recorded the stored 

energy and absorption energy. It concluded that the 

considered materials, under the considered loading 

conditions, show no sensitivity to the strain rate effect.  

Tien-Wei and Yu-Hao [20] investigated the impact be-

haviors of E-glass reinforced composite material. The 

test was performed using a drop weight fallen test. the 

results were based on fractography and recording the 

load history with time to measure the absorption ener-

gy. 

Baucom et al [21] experimentally studied the damage 

performance of composite laminates using repeating 

drop weight test. the test was carried out on 2-D plain-

woven laminates and 3-D orthogonally monolith ones. 

The results showed that the 3D composites had the 

greatest resistance to penetration and dissipated more 

total energy than the other systems. 

1.2 Objective of the present study  

The main goals of the present study are: 

a) To investigate the effect of different chemical 

treatments of both acetic and alkaline solutions at 

different boiling 1hr and 2hr on Flexural strength 

through three-point bending test.  

b) It is also to study the Drop weight impact test is 

performed to measure the depth of penetration 

through specimens’ body  

The scope of paper consist of; the first paragraph 

about treatment for DPT and adding epoxy by using 

molding technique that is explained, the second  

scope summarized the standard bending  and Drop 

weight impact  test , the third scope explained  ex-

amination is displayed then the main results are re-

lated. Finally, the recommended conclusion is cited.  

2.Material Processing and testing 

2.1 Date palm tree chemical treatment 

The used materials are date palm tree fibres (see Fig. 

1) that surrounding the stems collected from Qena 

City at upper of Egypt, these fibres have the physical 

and mechanical properties listed in Tables 1 and 2. 

Firstly, the fibres get cleaning from dust by a water 

bath and leave to dry in room temperature. They man-

ually get dismantled into bundles of virgin fibre, then 

get wished again and were dried for 24 h in room tem-

perature as shown in Fig. (2- a).  The fibre gets 

chopped for small pieces using electrical mixing for 

15 min (Fig. (2-b)). The grinding fibres are then chem-

ical treatment by three different types of solutions. The 

chemical treatment is carried out to enhance the sur-

face of natural fibre to increase its debondablity with 

the polymer matrix. The interface bonding between 

fibre and polymer is a dominated role in determining 

the mechanical properties of natural fibre. The fibre is 

immersion in three concentrations 10 %, 20 % and 50 

% of the acetic solution of HCL, CH3COOH and alka-

line solution of Na OH at boiling temperature )100 oC) 

for 1 hr. and 2 hr. The produced plate is nearly 3.5 mm 

average thickness for all test specimens 

Table 1 Physical properties of the date palm fibers 

with   other natural types [22] 
fibre types Coir Date 

palm 
Hemp Sisal 

Density (g/cm3) 1.15–

1.46 

0.9–1.2 1.4–1.5 1.33–

1.5 

Length (mm) 20–150 20–250 5–55 900 

Diameter (µm) 10–460 100–1,000 25–500 8–200 

Specific modulus 

(approx..) 

4 7 40 17 

Annual world 

production (103) 

100 4,200 214 378 

Cost per weight 

(USD/Kg) 

0.3 0.02 1.2 1 

Thermal 

conductivity 

(W/mK) 

0.047 0.083 0.115 0.07 

 

 

 

 

 

 

Table 2 Mechanical Properties of the date palm and 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 12, December-2019                                                                                               1021 

ISSN 2229-5518  

IJSER © 2019 

http://www.ijser.org 

other natural fibres[22] 

Properties              ϕ(diameter) 

µm 
σᵤ 
MPa 

Ε 
GPa 

ᵟat 

breake % 

Jute 25-200 393-773 13-26.5 1.16-1.5 

Flax 10-40 600-2000 12-85 1-4 

Sisal 50-200 468-640 9.4-22 3-7 

Coir 100-450 131-175 4-6 15-40 

Rau-

date.palm 

fiber 

100-1000 58-203 2-7.5 5-10 

     
σᵤ=tensile strength, ᵟ =elongation, ϕ=diameter, E=Young’s modulus 

 
 

Fig. 1. Photograph of a) date palm tree b) stems sur-

rounding by fibre c) fibres [24] 

 
Fig. 2. a) Fibre bundles b) Fibre chopped [24] 

 

2.2.Prpration Sample compaction molding 
Firstly ,prepare The DPT powder then mixed with 
epoxy resin with percentage 1:2 % for each weight 
respect  by using compaction molding technique. we 
note putting thin aluminum foil surrounding the paste 
and inside wall of the mold frame as a release agent, 
the dimension of  steel mold frame is 300 × 200 mm × 
10 mm depth (see Fig. 3). Then putting the paste inter 
the mold and spread till required depth and covering 
with aluminum foil upper surface of the past .Then put 
a block steel  cover with thickness 3mm to close ex-
ternal surface of mold frame with small clearance to 
prevent any leakage by using aluminum foil cover sur-
rounded under block steel cover .Also used cover of 
leather to close any holes in body of mold frame to 
prevent epoxy leakage .Then pressed the paste in mold 
frame by starting compaction molding technique using  
manual hydraulic press  under 3ton load and its maxi-
mum capacity is 5 ton .After many trial ,these condi-
tion are chosen to get the best working parameters and 
kept the pressed paste in room temperature for 48 
hours .Then exit  the product out mold frame .The 
dummy bloock dimension as 279mm X 197 mm x 
10mm (see Fig. 3-b).[ 24]. 

 
 

 
 
 
 
 
 
 
 

 

Fig. 3 Compaction molding 

2.3. Mechanical testing  

The bending tests are carried out according to and 

ASTM D790 – 10 [25] for both previous cases. The 

tests are performed at universal testing machine 

(machine model WDW-100) of load capacity 200 kN 

as shown in Fig.5. and at a controlled speed of 1 

mm/min. Figs. 4-a,b. show standard bending specimen 

geometry fo r bending.[ 24] 

 

Where p maximum bending force, l beam length   

 

 
,  

, (w) specimen width=50mm, (h) thickness. 
 
 
 
 
 
 
 
 

 
         Fig. 4 .Drawing of three-point bending test a) load set up, b) specimen . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.5. Image for bending test machine 

 

 

 2.4.Drop weight impact test                                                                                                                                     

   Fiber reinforced epoxy have advantages such as low 
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specific corrosion and density and high specific modu-

lus and strength ,so that it use in a lot of applications 

such automobile and transportation .Very important to 

get high quality results in mechanical properties for 

this material ,so must be design a best mechanism as 

standard test.. DPTF reinforced epoxy have energy 

absorption capacity can be calculated by toughness 

test in the form of impact test .Generally, impact test 

have common ways such as Charpy and  Izode tests 

,they have several restrictions including the necessity 

of using notch in the specimen and limitation on the 

magnitude of applied load . In my study, Drop Weight 

Impact Testing (DWIT) is the way used in impact test 

[26] . Drop Weight Impact Testing  depend on falling a 

weight on the specimen to measure energy absorption 

capacity of materials. continue  adding impact loads, 

found a different responses in DPTF reinforced epoxy 

with metal 's weight in form of deformation for speci-

men surface.  The different modes of failure occurs in 

specimen such as matrix cracking , delamination and 

fiber breakage that follow because of applied metal's 

weight in impact test with different falling for weight. 

This may be attributed to the fact that, in metals, the 

impact energy is absorbed by plastic deformation 

while in composites the energy is absorbed by differ-

ent failure modes [23]. 

The details of Drop Weight Impact Testing  device is 

shown in Fig.6. It contains two steel rods of 1000 mm 

long bolted over steel rigid plate the upper end of the 

rods constrained by a steel beam. The impactor is at-

tached between the two steel rods by a cross steelhead. 

The cross-steel head was made to can be release and 

slides over the two rods with the impactor pin to free 

fallen into the specimen surfaces. The penetration oc-

curs on specimen surface in form a indentation depth 

is measured. The indentation depth is a measure to the 

energy absorption through the material. The law of 

energy conservation is allied to measure the fallen 

load velocity and time of strike. The specimen dimen-

sions are square of 30 mm length of the three tested 

material of stacking sequence of DPT fiber reinforced 

epoxy. Three different heights used for falling are  0.5, 

1, and 1.5 meters and the metal's weights are 0.5and 1 

Kg . 

 
            Fig.6.  Simple drop weight impact tester [24] 

3. Results and discussion 

3.1. Bending test 

It observed from.Fig.11. to. Fig.13. specimen DPT 

treatment with HCL,CH3COOH and NAOH at boiling 

points 1hr,2hr ,that bending load for specimen at boil-

ing point 2hr more than other specimen treatment at 

boiling point 1hr ,this due to adhesion matrix ,bridging 

DPT with resin at this case .it observed maximum 

bending load at DPT treatment NAOH  at concentra-

tion 50% ,this is matrix cohesion , high stiffness be-

tween DPT and risen and so on HCL 50% for 2hr . 

It is observed from Fig.7 to Fig.10.that  the delamina-

tion also can be attributed to the fact that epoxy resin 

has better diffusability and debondability  adhesive 

used in manufacturing the DPT  .It observed transfers 

crack (that mean crack continue around specimen  )in 

the risen Several models have been proposed for a 

polymer composite system in which a crack initiates in 

the matrix. For a given composite fiber reinforced 

where the fibre is gripped by the polymer matrix, a 

matrix crack is halted by fiber. Upon increasing the 

load, crack starts to pass around the fiber without 

breaking the interfacial bond. Interfacial shearing and 

lateral contraction of the fibre result in de-bonding and 

a further increment of crack extension. After consider-

able de-bonding the fibres break at some weak points 

within the matrix and further crack extension occurs. 

The total failure of the composite happens when the 

broken fibre end is pulled out against the frictional 

grip of the matrix [27]. 

It observed that Delamination is separation of adjacent 

layers due to weakening of interface layer between 

them and it is  mode of failure when a material frac-

ture into layers ,in composite material and delamina-

tion the adhesion between layers of DPTF and risen 

,often faills first causing the separation for DPTF and 

risen .The causes of delamination is loading generat-
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ing transvers stresses the interface and it is weaker in 

transvers strength as compared to the layers ,hence its 

failure is dominated by the transverse stresses. It ob-

served that found Adhesive fracture due to the fracture 

occurring in the matrix does not result in DPTF break-

ing but only slight fiber /matrix detachment. Longitu-

dinal crack in resin is a transverse crack and usually 

caused by shrinkage stresses in high constraint area. 

This table 3 presents comparison different flexural 

stress and flexural young’s modulus of bending test 

calculation (MPa)for different treatment DPTF rein-

forced epoxy  

Table 3 comparison the flexural strength of  bending 

test of Date Palm tree fiber reinforced epoxy with 

stander deviationand  young’s modulus 
Specimens with treatments Averagethe 

flexural.strength 

of.bendingtest 

(MPa) 

S. D Elastic 

Modulus, 

E (GPa) 

 

 (HCl 10% 1hr) 11.58 2.95           1.6  

 (HCl 10% 2hr) 12.79 3.29           2.4  

 (HCl 20% 1hr) 11.44 2.98          8.35  

 (HCl 20% 2hr) 12.6 3.24       3.075  

 (HCl 50% 1hr) 15.22 3.85           0.8  

 (HCl50% 2hr) 17.91 4.48          12.1  

 (Acetic acid 10% 1hr) 14.22 3.61          31.4  

 (Acetic acid 10% 2hr) 15.35 3.88           3.9  

 (Acetic acid 20% 1hr) 11.77 3.05           2.5  

 (Acetic acid 20% 2hr) 14.16 3.6          9.01  

 (Acetic acid 50% 1hr) 12.25 3.16           5.7  

 (Acetic acid 50% 2hr) 15.3 3.86           1.7  

 (Na OH  10% 1hr) 12.52 3.23           16  

 (Na OH  10% 2hr) 12.68 3.26           1.5  

 (Na OH  20% 1hr) 12.6 3.24          10.7  

 (Na OH  20% 2hr) 13.46 3.44          5.17  

 (Na OH  50%1 hr) 16.72 4.2          15.6  

 (Na OH  50%2 hr) 18.29 4.57          6.34  

 
 
 
 
 
 
 
 
 
 
 

 
Fig.7. Modes of failure with matrix cracking (from a  to f) 

.(Hcl concentration 10%,20%,50%,for boiling 1hr and 2hr 

,respectly) 

 
 
 
 

 
 
 
 
 
 
 

 
 

Fig .8. Modes of failure with matrix cracking (from a to f) .( 

CH3COOH, concentration 10%,20%,50%,for boiling 1hr 

and 2hr ,respectly) 

                                 

              
 

Fig.9. Modes of failure with matrix cracking .( HCL, 

concentration 50%,for boiling 1hr ) 

 
 
 
 
 
 
 
 
          

Fig.10. Modes of failure with matrix cracking .( HCL, 

concentration 20%,for boiling 1hr 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.11. Load deflection relation of DPTRE  at HCL treatment 

at a) 10% b) 20 %   c) 50 % 
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Fig.12. Load deflection relation of DPTRE  at CH3COOH 

treatment at a) 10% b) 20 %   c)50% 
 
 
 
 
 
 
 
 

 
Fig .13. Load deflection relation of DPTRE  at NAOH treat-

ment at a) 10% b) 20 %   c) 50 %  

 
 

Fig.14. Strength -concentration for HCL,CH3COOH and 

NAOH  relation at 1 hr,2hr  

3.2. Drop weight impact test  

Fig.21 to Fig. 23 show impact velocity of fallen 

loads(0.5 kg and 1kg) and different fallen distant(0.5 

m ,1m and 1.5 m) over the surface of DPT fiber rein-

forced epoxy  for concentration HCL,CH3COOH and 

NAOH 10%,20% and 50% for boiling 1hr ,2hr re-

spectly, it is observed that depth of the indentation 

through the thickness increases with increasing veloci-

ties, this is due to increase of impact movement energy  

(K.E=1/2 m v²) which some of these energy stored 

through the specimen in form of crack depth, and oth-

ers went in impact noise and temperature. The depth 

gives light increase with increasing load than the ve-

locity, this may be due to energy change just one time 

with the velocity.  The depth of indentation may be 

taken as a measurement to the stored energy through 

material. Therefore ,some of the specimen nearly give 

same tend at boiling 1hr and 2hr with different mass  

,(Fig.21. c,d,e),(Fig.22. a,b,c,d,e,f),(Fig.23. d) but oth-

er specimen the different increase with impact mass 

increase and for boiling 1hr,2hr. It is observed that 

depth of the indentation through the thickness de-

creases with increasing boiling for treatment  from 1hr 

to 2hr as (Fig.21 b,c,d,e,f ),(Fig.22),(Fig.23 a,b,d,e,f) 

and this due to good adhesion in matrix between DPT 

and epoxy .Composite material gives different behav-

ior than metal under impact load. The elastic response 

in Metal under impact load was getting short, while 

plastic deformation is long. Whereas, in composite 

elastic response then softening with different shape of 

failure modes were occurs, such as delamination, 

bridging, and matrix cracking. Thus the absorption 

energy in metal dissipated in plastic deformation while 

in composite material the energy was observed in 

many failure modes [23] This may be attributed to the 

fact that, in metals, the impact energy is absorbed by 

plastic deformation while in composites the energy is 

absorbed by different failure modes [23]. 

Velocity(V) = falling distance(m) / Time(s) 
                

Potential energy(P.E) = m (kg) * g (gravity m/s) * 

h(Hight of weight before falling) (m)   

                                             .       
 

 

KineticEnrgy(K.E)(Joule)=   

 
 

 

 

 IJSER

http://www.ijser.org/
https://www.researchgate.net/publication/270215383_Designing_and_manufacturing_of_a_drop_weight_impact_test_machine
https://www.researchgate.net/publication/270215383_Designing_and_manufacturing_of_a_drop_weight_impact_test_machine


International Journal of Scientific & Engineering Research Volume 10, Issue 12, December-2019                                                                                               1025 

ISSN 2229-5518  

IJSER © 2019 

http://www.ijser.org 

Table 4 comparison the crack depth(mm) and Velocity 

(m/s) in variable each Falling distance(m) ,Weight (kg) 

and time(s)with stander deviation and 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Fig.15.Circle point damage  through the surface for 

HCL,(concentration10%,boiling 2hr)   .a)m =1kg,h 

=0.5m , b) )m =1kg, h =1m ,c) )m =1kg, h= 1.5m , d) 

)m=0.5 kg, h= o.5m ,e) )m= 0.5kg, h= 1m,  ,f) )m= 

0.5kg, h =1.5m 

 

 

 

 

 

    

Fig.16.Circle point damage through the surface for 

HCL,(concentration20%,boiling 2hr)    a) m= 1kg, h= 0.5m  , 

b) m=1kg, h= 1m  , c) m=1kg, h= 1.5m , 
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Fig.17.Circle point damage through the surface for 

HCL,(concentration50%,boiling 1hr)  .a) m= 1kg, 

h=0.5m  ,b) m =1kg, h= 1m  ,c) m= 1kg, h= 1.5m , d) 

m= 0.5 kg, h= o.5m ,e) m= 0.5kg, h= 1m,  ,f) m=0.5kg, 

h=1.5m 

 
 
 
 
 
 
 
 
 
 
 
        
 
 
 

 
Fig.18.Circle point damage through the surface for 

CH3COOH,(concentration20%,boiling 2hr)  .a) m= 1kg, 

h=0.5m  ,b) m= 1kg, h= 1m  ,c) m= 1kg, h= 1.5m , d) m= 0.5 

kg, h= o.5m , e) m= 0.5kg, h= 1m,  , f) m=0.5kg, h= 1.5m 

 
Fig.19.Circle point damage through the surface for 

NAOH,(concentration10%,boiling 1hr).a) m 1kg, h 0.5m  ,b) 

m1kg, h1m ,c) m1kg, h 1.5m , d) m0.5 kg, h o.5m , e) m 0.5kg, 

h 1m ,f) m 0.5kg, h 1.5m 

 
 

Fig.20.Circle point damage through the surface for 

NAOH,(concentration50%,boiling 2hr a) m=1kg, h= 0.5m  ,b) 

m=1kg, h=1m  ,c) m= 1kg, h=1.5m ,d) m= 0.5 kg, h= o.5m ,e) 

m= 0.5kg, h=1m,  ,f) m=0.5kg, h=1.5m 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig.21. Penetration of damage variation with impact strike 

velocity  for  HCL without  rubber curves for concentration 

10%,20%,50% for boiling 1hr,2hr 
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Fig.22. Penetration of damage variation with impact strike 

velocity  for  CH3COOH without  rubber curves for concen-

tration 10%,20%,50% for boiling 1hr,2hr. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.23. Penetration of damage variation with impact strike 

velocity  for  NAOH  without  rubber curves for concentra-

tion 10%,2 0%,50% for boiling 1hr,2hr  

Conclusion: 

Date palm tree fibres (DPTF) are used as a natural 

reinforcement to be an attractive agent in the 

composite material industry. The chemical treatments 

program which was introduced in the present paper 

gives a good enhancement for the date palm tree fibres 

reinforced epoxy which enhancement their 

debondablty with the epoxy resin. The tensile 

properties of a composite reinforced by DPTFs which 

has been treatment by HCL chemically give better 

results and are more compatible adhesive with the 

polymer matrix in all concentration and time period, 

although they give quite little strength, while in other 

NaOH and CH3COOH the fibre fractured, therefore, 

the strength sharply decreases. The same results are 

concluded for fracture toughness which gives their 

relationship with the composite tensile strength.  
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