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Abstract: Beetroot peels (BR) fibers have been employed as a natural reinforcement for Unsaturated Polyester (UPE) due to their low cost, biodegradability characteristics and eco-friendliness. Beetroot peels particulates of about (180 and 75 µm) sieve siz, of different weight percentage (1, 2, 3, 4 and 5 wt.% %) were used as fillers in a (UPE) matrix. The effects of the beetroot particle size on physical, mechanical and structural properties of the final natural composite were determined. The density of (UPE/ 180 MBR) composite increases by increasing weight percentage of beetroot peels powder, but the density of (UPE/ 75 MBR) decreases by increasing weight percentage of beetroot peels powder. The thermal conductivity values of (UPE/ 180 MBR) composites have higher values, by compared with the thermal conductivity values of (UPE/ 75 MBR) composites. The results showed that the best mechanical properties were get by adding (2 Wt.%  ) to  the (UPE)matrix using (180 MBR) and at ( 4 Wt.% ) by adding the ( 75 MBR) . The techniques (EDS) and (SEM) were used to investigate the chemical compositions and the homogeneity degree of both composites. 
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INTRODUCTION
      Unsaturated Polyester (UP) resins have been used in construction applications, as  wind blades, marine hulls  and car components, this because , rapid curing   , ease of manufacturing and  dimensional stability [1].The natural fibers reinforced composite materials used in many industries applications, this because natural fibers are  have no cost and available  in nature  to get light and strong  natural composites [2].The size, quantity and quality of natural fibres  effected  on the final properties of composites , many researchers have been used  natural fibers to changing the physical, mechanical and thermal properties of the natural composite , also these studies focused on employees of environmentally friendly fibers  as bio materials  [3].The  researchers ( Shfiur Rhmn , et. al) in (2016), have been used the calcium carbonate with natural and synthetic form as fillers to reinforce unsaturated polyester, the fillers were added by the ratios (5, 10, 15, 20 and 25 wt %).  The weight percentage (10%) of eggshell powder and calcium carbonate with industrial form is the best ratio to improve the mechanical properties as (flexural strength, tensile strength and young models) of unsaturated polyester [4]. In (2019) the researchers (R. O. Mamman and A. M. Ramalan, et. al ) were  used orange peels powder with particle size (350 µm)  with different weight percentages  (3,  6,  9, 12 and 15 %  ) as natural fillers to reinforce (unsaturated polyester / 25% E-glass)  composite , they found that the final composite have a good improved in both a physical  and mechanical properties,   the physical properties as water absorption   and mechanical properties  as (tensile, bending, impact and hardness strengths) were improvement  with increase the weight percentage of orange peel power reinforcement ,the values of  tensile strength about (50.0 - 62.6 MPa) , Hardness ( 28.6 - 40.8HRB), energy of impact ( 5.0 - 7.4 Joules)  and the flexural strength (74.0 - 85.2 MPa). The ratio (15 Wt.%) of orange peels powder is the best weight percentage value to get good improvement in final composite mechanical properties [5]. In (2021) the researchers (Reza Armanda, el. al) have been used the kenaf fibers as natural fillers to reinforce unsaturated polyester matrix, the good tensile properties of kenaf fibers effects on improving the mechanical properties of polyester [6, 7].
     In this research, the beetroot peels powder with two different particle size (180 and 75 microns) by different weight percentages (1-5%) were employed as natural fibers , to selected unsaturated polyester reinforced with beetroot with best weight ratio and particle size and used this composite in manufacturing natural gelcoat. 
EXPREMENTAL WORK
Matrix
      unsaturated polyester resin with name (siropol-8341) made by (Saudi industrial resins limited) was been used, an accelerator (2% cobalt) was added to polyester and adding methyl ethyl ketone peroxide (MEKP) as hardener with concentration (2.5% Wt.). At room temperature, the gelation time was (10 - 15 min).
Filler
     Beetroot peels powder was used as fillers, The beetroot was cleaned, washed with water, dry without direct exposure to sunlight for (seven days), to keep natural color, then the peels crushed, as shown in figure (1 - b).  The crushed beetroot peels were first grinded using a regular mill, then grinding more, using the grinding device a ball mill. (NOM-0.4), to get fine particles with grain size (180   and   75   Microns) as shown in figure (1- c) by saving. 
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Figure 1 a- beet root   b- Beet root peels c -beet root powder    
Method
     To get unsaturated polyester reinforced by beetroot peel powder specimens (UPE / BR), beetroot peels powder , with weight ratios (0, 1, 2, 3, 4, 5% ) were mixed  with  unsaturated polyester,  the mixtures were poured into silicone molds with dimensions  matching to ASTM  dimensions. The mixtures (UPE/BR) were left to dry well for (9 hours) at room temperature, before carrying any mechanical or thermal tests.
Density Measurement 
     Density of Beet root peels powders with the different sizes were measured by dividing the sample mass by volume, using piston to make a circular shape, The volume of the circular shape was calculated using the equation (1).
                                                                                                                                   (1)
Where: V disk size, r disc radius. Then calculate the density of the sample using equation (2).
           	          			      (2) 
Where, m is Sample mass and v is Sample size
Thermal Conductivity 
     The thermal conductivity of (polyester/beetroot peel powder) composites was determined using Lee’s disk device, the unsaturated polyester resin reinforced with different weight percentages of beetroot peels powder with the size partials (180 and 75 microns). The samples were made in a circular shape with a diameter of 40mm and a thickness of 3mm.
[bookmark: _yf50t2lghap2]Hardness
     The hardness values of unsaturated polyester reinforced by beetroot peels powders have been done, using Shore (D) test model (TH 210), Italy.
Impact Strenth 
     Charpy impact test was carried out on (UPE/MBR) composites according to the international standard (ISO-179) , where the samples having dimensions of (5×10×55 mm).
[bookmark: _7alm1wf5ymv4][bookmark: _ynnrbxbbwigg]Scanning Electron Microscopy (SEM)


      To determine the homogeneity and microstructure of (UPE/ 180 MBR) and (UPE/ 75 MBR) composites, these samples were coated by gold layer to be photo using scanning electron device (Axia chemi sem Thermo fisher scientific company) manufactured in Holland. 
Energy Dispersive Spectroscopy (EDS)
[bookmark: _kqjgm9uiwoq3]     To fixed the chemical compositions of (UPE/ 180 MBR) and (UPE/ 75 MBR) composites, the technique (EDS) that equipped with the (SEM) technique were employed
RESULTS AND DISCUSSIONS 
Density Measurement 
     Using matrix rule (equation 3), the density of (UPE/ BR) composites with different particle sizes and with different weight percentages was calculated [7].
𝝆=𝝆𝒎𝒘𝒎+𝝆𝒓𝒘𝒓                                                                              (3)
     Where: 𝜌𝑚 and 𝜌𝑟 are the density of matrix and filler, respectively. 𝑤𝑚 and 𝑤𝑟 are the weight fractions of matrix and filler, respectively.
    By adding the power with the big grain size (180 Microns) as indicated in purple in Figure (2) the densities values of (UPE/ MBR) composites by  were  increased by  increasing  in weight percentages of powder , but  the density values were decreased with increasing the weight percentage of beetroot peels powder by using  small grain size ( 75 microns) indicated in pink  in figure,  this because the value density of  powder with grain size (180 Microns) is (1.23 gm/ cm3) , but the density value of beetroot peels powder with the small grain size (75 microns) is about (1.024 gm /cm3) only , that means the grain size of beetroot peels powder will effect on physical and mechanical properties of natural unsaturated polyester composites,  these results agreed well with [3].
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Figure 2 densities values of (UPE/ MBR) composites
Thermals Conductivity 
     The device was equipped with a voltage of 6volts and a current of 0.25A, Heat flowed from the heater through the sample and the thermal conductivity was plotted as a function of the concentration of beetroot peels as shown in Figure 3 ,where  the thermal conductivity values of (polyester / beetroot peels powder) composites increase with increasing the weight percentage of adding beetroot peel powder from 1% to 5% for both sizes, the thermal conductivity values increasing gradually. The thermal conductivity reaches to higher value (0.311 w/m °C) by loading the unsaturated polyester by root peels powder with grain size 180 microns and reach to the value (0.297 w/m °C) by loading the unsaturated polyester with small grain size (75 Microns), this because the density values of (UPE/ 180 MBR) composites have a higher value compared with the density values of (UPE/ 75 MBR), these results agree with the [8-11].
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Figure 3: thermal conductivity values of UPE composites
Hardness
     The   resistance   of   the   composites (unsaturated polyester/ root peels) to   indentation   is   hardness [9 ]. the Figure (4)   shows the   increased   in hardness values of unsaturated polyester by adding the root peels powders, these results agreed well with [12]. The    results showed that (UPE/ 4 % 75 BR ) composite have higher value of hardness (80.5) while the higher value of (UPE/ 2 % 180 BR) composite hardness was only( 79) , this may be due to good dispersion of a smaller particles of beetroot particles through the chain matrix of composite [13].
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Figure4: Hardness values of UPE composites 
Impact Teast 
     The impact strength of (UPE/ 2% 180 MBR) and (UPE/ 3% 180 MBR) composites have higher values with compared with values of impact strength of anther weight percentages of (UPE/ 180 MBR) composites, as shown in figure5. Also, the impact strength value of the (UPE/ 4% 75 MBR) composite have a higher value of impact strength (7.3 Kg/m2), this because a smaller grain size filler has a higher a ability to dispersion between unsaturated polyester chains, which leads to good bonding between the additives and the matrix [14-16].
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Figure 5: Impact strength values of UPE composites 
Energy Dispersive Spectroscopy (EDS)
      (UPE/ 180 MBR) and (UPE/ 75 MBR) composites were examined chemically using the (EDS) technique, Table (1) shows that the elements such as carbon and oxygen found in high rates, others such (N, si and Rb) were found in small rates, some elements such as (K, Ca and Ni) were found in (UPE/ 180 MBR) and (UPE/ 75 MBR) composites as traces. (UPE/ 180 MBR) and (UPE/ 75 MBR) composites consists of the same elements but with different weight percentages,  which leads to change in  densities [17, 18],  color , also in other mechanical and thermal properties  of  final composite, these results agreed well with [15] .Also table (1)  shows that the element ( F ) was found in (UPE/ 75 MBR) composite only with ratio (0.5 %) , this a good point in interpretation the darkness of (UPE/ 75 MBR) composites with compared with  (UPE/ 180 MBR) composites by adding the same concentration of beetroot peels powder [19].
Table 1 element compositions of (UPE/ 180 MBR) and (UPE/ 75 MBR) composites
	(UPE/ 180 MBR) composite 
	(UPE/ 75 MBR) composite 

	Element
	Weight%
	Element
	Weight%

	C
	52.1
	C
	47

	N
	4.5
	N
	6.6

	O
	36.8
	O
	39.6

	Si
	2.4
	Si
	1.5

	K
	0.2
	K
	0.2

	Ca
	0.6
	Ca
	0.1

	Ni
	0.2
	Fe
	0.5

	Rb
	3.2
	Ni
	0.4

	
	
	Rb
	4.2


Scanning Electron Microscopy
     Using scanning electron device (Axia chemi sem Thermo fisher scientific company) with voltage (30 kv ) and magnification power (80) the  (UPE/ 180 MBR) and (UPE/ 75 MBR) composites were examined,  Figure (6) shows the SEM photos of (UPE/ 180 MBR) and (UPE/ 75 MBR) composites, with magnifications (150 ×). The morphology of the surfaces was showed a good degree of homogeneity for both composites, and also the compatibility between the unsaturated polyester matrix and the beetroot peels microparticles [20].
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Figure 6 SEM micrographs of  a -(UPE/ 180 MBR) composite b- (UPE/ 75 MBR) composite
CONCLUSION
     Beetroot peels powder play a good role in reinforcing the Unsaturated polyester, especially to improved its hardness and also to reducing the pollution in the environment. The grain size of beetroot peels particles effects on physical, mechanical and structural properties of unsaturated polyester reinforced with beetroot. EDS and SEM techniques were used to fixed the elemental composition and morphology of final composite respectively, these structural tests are important to interpretation, the change in physical and mechanical properties of unsaturated polyester reinforced with beetroot peels powder by changing the particle size and weight percentage value of beetroot peels powder. The particle size value of beetroot peels particles effected on the concentration of chemical elements in composite compositions, which leads to changes in composite color, and also, the drunkenness in composite color increasing with increase the weight percentage value of beetroot peels powder in composite. The (UPE/ 180 MBR) and (UPE/ 75 MBR) composites are the best choices to make a natural gelcoat with good physical and mechanical properties.
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