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Development of Eco-Friendly Filament for 3D Printing using
Organic Soybean Hulls

Dong-Hyuk Choi*, Hui-Yun Hwang**"

ABSTRACT: This paper explores developing sustainable 3D printing filaments using organic soybean hulls mixed with
polylactic acid (PLA). The study experiments with various particle sizes and mixing ratios, examining the physical and
mechanical properties of the resulting filaments. Results show that smaller soybean hull particles and specific mixing
ratios enhance the filament's quality while maintaining PLA's characteristics. This research signifies a step towards
environmentally friendly 3D printing materials, offering a viable alternative to conventional filaments and addressing
ecological concerns in the industry.

2 S8 ELe fol R FAGULELNE EYsiol A% Fo D 21U Aokl S S
= 00 oI5 i 10 A 15 1 W8, £ £ S HANEE Al om, A B
o 214 9 714 4% SAetach AT B B QA7 8% 103 59 £ ol et
B0} 08 A7 WA PLASY BAS FAHE AR el o] AL §7)% iR ol 48o 87
A9l 3D U BIAUNE o] FH5iE Mol AR, 4 BEE AT 712 ol AT
204 elojg s,

Key Words: 5-7]% o] 53] (Organic soybean hulls), & 2] 2l AH(Polylactic acid), 3D Z & & (3D printing), 2127 (Eco-

friendly)
1. B ojFTt A9 URFOR, AU AEARE ] KA
£ g3 137 3D TP BeblE B TS Astol
223D Y 719 T A, o] Aol A EA AP AR o] ZEtEE &S Ths 3t 7] A7
e §54 719 §34 BA A AR FERT |8 ZARE stol B4 2@ Bolt FA, 95
ATt ofof] whe}, g WA= FEFE HaspetiAE M FES Aled of#dt AT WAl 3D ZRlY Ak
R0 3D ZAYE 7hesdl she A Weknlme] o4 B4 MB W Sy 24 AL Sl onglt A=
et Aot Zito] @ds] JPH L Qe 53, 71E) & 2 E 4 AT Bl
ehagl )y WetilE oAl Aol A T AAE A B Aol AE o AQu|AEAR] Al of Wukof,
She wrakom Avsh AwE L SloH2] ohe A8 A9l $7)% RS B89 3D ZAE g

Received 28 November 2023, received in revised form 16 December 2023, accepted 19 December 2023

*Department of Mechanical Design Engineering, Andong National University
**Department of Mechanical and Robotics Engineering, Andong National University

Corresponding author (E-mail: hyhwang@anu.ac.kr)



Development of Eco-Friendly Filament for 3D Printing using Organic Soybean Hulls 449

Alzof F==3e 2021 7| = o= AR
s TUFL 134370, {75 W+ vF
20% o2 3HA 10W7E 70% o]/4de] AAE Hol
SIHAS) NI E S R R R )
PAER 0T B 5-8% 202 v LA Be o
A SEAL Loy, ARk o= H7|EAY SAF AR 5
° 2 A3 o mvt EEE= aAfolrh[6,7]. o] AtolA=
o] 67318 Aol WO WAE £E13 3D
Tay WepNES AT AL BED At AT 2
oA = tFu 9 &4, 3eh4 '—5./H & BA5kaL, o] & vt
oz 3D Zegd Aue Feh= 1AL TS A
ok E3h eHlES] 4, e, Y4 = AP F
aff Brlstalon, o5 Foff iy 7[Rt el ES] A
Hol 94 715AS T,

- &
o
, G (m
FHH

o r|r Kl rlo rlo

2. M=z A B

21 Y=

2 AT M e BEde ol Alsd 71s dFo
E A4 % ﬁ#o}f’—, oq‘ﬂ}oli‘%‘ wo]A Luo] 29 F
& 2471 (YF3-1, Capsulen, China)2 12} 243t & w| A&
2] 7] (RT-02A, Rong Tsong Precision Technology Co.,
Taiwan) S o] §:3j0] 23} $4)5 Wyalgick. Q74 4 (DH.
Si8039, DH. Si8043, DH. Si8048, Daihan Scientific Group,
Korea)E o]-8519 {7 7] 82| =717} 150~250 pm
(coarse powder)@} 75~150 um (fine powder)2] HSE 71X
e

3D xg g delre A2S 9Je 712 Ars Hol
Aafoln] AYES|A Aol Ee|2ElAH(Polylactic Acid, PLA)
2 93 g2 /2% &% PLA Sl (Luminy PLA,
Corbion, Netherland)E A}-8-3}9iT}.

o

2.2 REtA ZRHE K& g

) Eu] 2%y} PLA HEle 53}
of 504 347k AZste] FH|SHH

5 g BT PLA &4 & % & ¢r&7| (FILIBOT
H450, ()W 32)E o]83lgon, g% £59 o= &
X Z+7F 1.5 mm®/min®} 200°CE A3Ps}ect. 5k 274
=34 (1, 3, 10 wt%)g} 3 3)4=(1, 2, 33])0) mEk
APE Q. &3 T otE H AAE 3 mm @92 Ads)
of 2|7 1.5 mme| tfEu] 2uk-PLA HebyR B3 Fe)=

i

4 2
H

rlo

1} PLA EolA® HME LS &
o, 200°CY] U= 22

, 2.0 3/mm)— =2]319itt. Table 10f &
Fu 2 %ﬁz PLA 23R8 e A= W

Table 1. Fabrication parameters of organic soybean hull - PLA
composite filaments

Parameter Value
Mixing ratio (wt%) 1,3, 10
Number of mixing repetitions 1,2,3
Extrusion speed (mm?®/min) 10, 15, 20
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Fig. 1. Organic soybean hull - PLA composite filament accord-
ing to the number of mixing repetitions (Top: 1 time,
middle: 2 times, bottom: 3 times)

Fig. 2. Organic soybean hull - PLA composite filament accord-
ing to the mixing ratios (Top: 10 wt%, middle: 3 wt%,
bottom: 1 wt%)
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Fig. 3. Organic soybean hull - PLA composite filament accord-
ing to the extrusion speed (Top: 10 rpm, middle: 15 rpm,
bottom: 20 rpm)

Fig. 4. Organic soybean hull — PLA composite filament accord-
ing to the powder size (Top: fine powder, bottom: coarse
powder)
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Fig. 5. DSC test results of PLA and organic soybean hull - PLA
composite filament
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Fig. 6. Tensile test results of PLA and organic soybean hull — PLA
composite filament

Table 2. Mechanical properties of PLA and organic soybean hull-
PLA composite filaments

Parameter PLA | Koot flamen
Tensile modulus (GPa) | 3.65+0.21 3.51+£0.33
Tensile strength (MPa) 41.5+2.85 43.1+£3.12

Elongation (%) 4.93+0.85 4.9840.71
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Fig. 7. 3D printed part using organic soybean hull - PLA com-
posite filament
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