——

C = Vol. 35, No. 6, 447-455 (2022)

mposItes DOI: http://dx.doi.org/10.7234/composres.2022.35.6.447
Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Paper

SO DIMIZAAE) A Fu| FUSL BT MA Y TEYE Yot

UGRT . MYA oIy e L A

Study on Structural Strength and Application of Composite
Material on Microplastic Collecting Device

Myeong-Kyu Kim*, Hyoung-Seock Seo*', Hui-Seung Park**, Sang-Ho Kim**

ABSTRACT: Currently, the problem of pollution of the marine environment by microplastics is emerging seriously
internationally. In this study, to develop a lightweight portable microplastic collection device, the types and number of
microplastics in 21 coastal areas nationwide in Korea were investigated. And CFRP (Carbon Fiber Reinforced Plastic),
GFRP (Glass Fiber Reinforced Plastic), ABS (Acrylonitrile Butadiene Styrene copolymer) and aluminum were applied
for design and analysis of microplastic collection device to have the durability, corrosion resistance and lightweight. As
a result of sample collection and classification from the shore, it was confirmed that microplastics were distributed the
most in Hamdeok beach, and the polystyrene was found to be mainly distributed microplastics. Particle information
through coastal field survey and CFD (Computational Fluid Dynamics) analysis were used to analyze the flow rate
and distribution of particles such as sand and impurities, which were applied to the structural analysis of the cyclone
device using the finite element method. As a result of structural analysis considering the particle impact inside the
cyclone device, the structural safety was examined as remarkable in the order of CFRP, GFRP, aluminum, and ABS. In
the view of weight reduction, CFRP could be reduced in weight by 53%, GFRP by 47%, and ABS by 61% compared
to aluminum for the cyclone device.
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Fig. 2. Backshore microplastic distribution
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Fig. 3. Process of sampling

Table 1. Distribution of microplastic on beaches

Unit: EA Water-Edge High strandline
Nargl:acc)lflthe Total | PS | Others | Total PS | Others
Haeundae | 47 46 1 138 130
Myeongsa | 30 30 0 54 54 0
Hamdeok | 168 163 5 96 85 11
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Fig. 4. Concept model of microplastic collecting device
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Table 2. Physical properties of particles

Sand Microplastic
(S1) (Polystyrene)
Density(kg/m?) 2200 10
Shape circle circle
Diameter(mm) 5 3

PS5 Mass Ilowikg's)

Time (s)

Fig. 7. Graph of polystyrene discharge from cyclone outlet

Fig. 8. Distribution of particles in cyclone
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Fig. 10. Finite Element Model

Table 3. Material properties of ABS and aluminum [10,11]

Properties ABS Aluminum
Elastic modulus [GPa] 2.24 72.4
Shear modulus [GPa] 0.81 28
Tensile strength [MPa] 29.6 483
Density [g/mm’] 0.00106 0.0028
Poisson’s ratio [-] 0.38 0.33

Table 4. Material properties of GFRP and CFRP [12]

Properties GFRP CFRP
Elastic modulus 0° [GPa] 45 135
Elastic modulus 90° [GPa] 10 10
In-Plane shear modulus [GPa] 5 5
Poisson’s ratio [-] 0.3 0.3
Ultimate tensile strength 0° [MPa] 1100 1500
Ultimate tensile strength 90° [MPa] 35 50
Ultimate compressive strength 0° [MPa] 675 1200
Ultimate compressive strength 90° [MPa] 120 250
CFRPS| 7} %] 7% 0.1875 mmo]c}. 41.47F 455
eFo Fig. 101} Zro] ZF @ 49 &3t H)sFo 2 A =%}, 3

Ao A5 Aol ABS, aluminum, GFRP “12]31 CFRP2]
EX A HE= Table 31} Table 40 Q9F=]o] 9lth[10-12].

4.3 Tsai-Wu It 0|2

Aol EE Ao FHA Q] aho] Q= AP WE oY
S Q1 27] 7158 Aol SR whetA] A 87
SRAASLE 83l FEANE SHT o Tk 5
& 0|28 2gato] Tjde] W S SlakCt 4] (1)
Tl Wa st o £A|[131& 3l Th {07 1 o]l
A9 S S Sjuis S A §RE e 4
et Fe} F 7% HAloln, 23 nid 45 51912 9
& A oy Belnel BEsE At 4 Q-0
= o Xok X A% PRl AP 457
=, Vel Y= Aol tisl] =23k whake Ik =of o=
B, 1,0 AgrtEolt.

f =Fo;+Fjo0,<1 (i,j=12,..,6) (1)

Fi0y + F,0, + F110,% + Fpp0,° + Fee04> + 2F3010, = 1 2)

el 1o, 11

AP AN )

F, ! F. F¢e = !

T Txx, 2T vy, T T (4)
0.5
(5)

Flp = ——
KXY,



452 Myeong-Kyu Kim, Hyoung-Seock Seo, Hui-Seung Park, Sang-Ho Kim

Fig. 11. Boundary condition

Fig. 12. Load condition
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Table 6. Result of finite element analysis

Materials CFRP | GFRP ABS | Aluminum
Ply stress
9.35 9.88 - -
(x-component) [MPa]
Ply stress
4.04 4,94 - -
(y-component) [MPa]
Von-Mises - - 15.8 12.7
Deformation [mm] 0.026 | 0.054 | 0.323 0.014

(a)

\:: o 1
20 121

Fig. 14. Stress result of cyclone: CFRP. (a) X-direction; (b) Y-
direction

() ed ()

Fig. 15. Stress result of cyclone GFRP. (a) X-direction; (b) Y-
direction
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