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diffusivity prediction of porous scaffolds
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Microstructure modeling and effective diffusivity
prediction of porous scaffolds
using discrete element method

Suhwan Yu

Department of Ocean Systems Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

The scaffolds are used to regenerate the damaged tissues of cartilages and
bones growing the patients’ cells. In particular, it is very important that
the pores of scaffolds are connected to one another without interruption
because they serve as channels for supplying oxygen or various nutrients
required for cell growth to the tissue cells. To model the pores and their
interconnectivity generated by leaching cubic salt particles, packing and
compression processes of salt particles are simulated using the discrete
element method. Based on the pore configurations obtained using the discrete
element simulations, the domains through which the oxygen and nutrients flow
are modeled and the diffusion analyses are then conducted to evaluate the
scaffold performance in an indirect manner. The effect of the size and mass
of salt on the scaffold 1s investigated by calculating one- and
three-dimensional effective diffusivities. It 1s confirmed that a high
diffusivity is obtained with a high level of pore connectivity, which would
lead to good performance of cell growth.

KEY WORDS: Scaffold A|3¥X|A]A], Discrete element method ©]2FQ AW Effective

diffusivity F&82HA14, Particulate leaching I &W
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Fig. 2 Porous scaffold fabricated using the salt-leaching method
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of the contact force
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Fig. 3 Hertz-Mindlin model in the DEM
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2.2 359 BEAE A% A AR A A BA

dRENow AdE AZAAAE JBHow 4227 Zersl EFEC ¢
293, Az F &aFo AZHol Tym WMo A B Fyod. T3
YA 22 YA G ol e e o] AFow AN FAHIE
A, B AT MEAAA el 2ol MAE FFe maals] $
stof agoEw TAE T AL wdPse vasan

! 1
g Aotk Felrs exol 9B WA Yroks 714 stol Eostzae
E(PCL-45009] B4 A& AH§3hirh.

Table 1 Properties of salt and polymer

Properties Salt Polymer
Density (kg/m?) 2165 1145
Poisson’s Ratio 0.252 0.25

Shear modulus (GPa) 12.61 1.2
Restitution coefficients 0.1
Static friction coefficients 0.1
Rolling friction coefficients 0
- 9 -
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Fig. 4 Shape of salt particle and Overlap between salt particles
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Table 2 Mass ratio of salt and polymer and

size of salt

Model 1
Total mass Mass of a Number of

of salt cubic salt particles used in

PCL © Salt (8) (8) the simulations
1: 8 wt% 0.16 1723
1:7 wt% 0.14 1508

92.8244e-06
1:6 wt® 0.12 1292
1 :5 wt% 0.10 1077
PCL 0.02 2.0234e-06 9884
Model 2
Total Mass Mass of a Number of
of Salt cubic salt particles used in
the simulations
PCL : Salt &) (€)
1:8 wt® 0.16 1154
1:7 wt% 0.14 1010
138.56e-06

1:6 wt® 0.12 866
1:5 wt% 0.10 721
PCL 0.02 2.0234e-06 9884
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Fig. 5 Simulation of packing and compression process of salt and

PCL particles using the discrete element method
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olata sy or SAHH NEXNAAE Fig 6@ 2ol 25¥ st ¢
o 3l g =

L2 o AEZEIHW NXE o] &3t &g HIFEE EdE 2dd A4
AAA =™ Flg. 6(b)ek 2ol Zewrt AAE 5340 S48 of5EA ¢
AE 5 L olite s s HAGolA AMRH S FA4Y AvHT
ZAY7E 4 ASEAY JFoz nEYHT olE FI A e HAEH
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Table 3 The scaffold length in the Z-Direction

Model Model 1 Model 2
PCL : Salt (mm) (mim)
1 : 8 wit% 3.25 3.22
17 wit% 3.73 3.68
16 wit% 4.21 4.14
15 wit% 4.71 4.67
5 -
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Fig. 6 Modification of the boundaries of scaffolds
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Fig. 7 The final pore configuration of the scaffold (Model-
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Fig. 8 The final pore configuration of the scaffold (Model-2)
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Fig. 9 Boundary conditions for diffusion analysis of scaffolds
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ghol mejzich whel g
W Azl BAF HolE mefETh o] 7]
g ghzol FyPo A g FF 3 FEABAHl AN
o] AN FEIALY FF % HBAZH FRVAS FAF 5 Uk

2 ofHANk, An| o] S D + Aot &5 AT AdFE Fa52Y
AAF7E STVekE AHolA 2w dFo] AdTE 35 1 AEdEAdS A
HAoes HAE 40 &+ Ao

Table 4 Effective diffusivity of scaffolds
Model Model 1 Model 2
PCL : Salt X Y Z X Y Z
1:8 wt% 0.265 | 0.267 | 0.306 | 0.264 | 0.265 | 0.308
1:7 wt% 0.251 | 0.254 | 0.293 | 0.252 | 0.257 | 0.295
1:6 wt% 0.234 | 0.227 | 0.263 | 0.230 | 0.229 | 0.271
1:5 wt% 0.203 | 0.201 | 0.245 | 0.206 | 0.196 | 0.233
- 23 -
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Fig. 10 3D-diffusion process of scaffold
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