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FDM-typed Additive Manufacturing and Optimization of
Polypropylene/Beeswax Composites for Beehive Application
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m Polypropylene (PP) polymer compounds were formulated to fabricate reusable beehives with
inexpensive material using 3D printing technology. To improve honeybee affinity to plastic
comb foundation, bee-friendly materials must be mixed with PP polymer, which correspond
to beeswax, talc, woodflour and compatibilizer. The compounds were extruded with 1.75
mm thickness for 3D filaments. The composite materials were observed through SEM to
assess the morphology of additives and fillers. The mechanical and thermal properties of
the composite were measured using UTM and DSC, respectively and their crystallinity was
evaluated by XRD. The crystallinity of the PP polymer was reduced by the addition of beeswax.
It was found that the 3D printing compatibility of PP compound increased due to the lowered
crystallinity by adding beeswax. Therefore, the optimization of printing condition has to be
considered for PP’s shrinkage behavior due to its crystallinity. The PP compounds were printed
with 3 different compositions to evaluate dimensional accuracy, deformation rate and warp-
index. The shrinkage of PP compound was significantly reduced with the addition of beeswax
and compatibilizer. The printing variables were set as nozzle temperature, bed temperature
and printing speed. The manufactured honeycomb foundation will be field-tested to examine
whether bees can build a nest with good affinity.

LGS Beeswax, Polypropylene, Composite material, Additive manufacturing, Warpage
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Az AZXE Are Z2Z 293 (polypropylene, PP)©]
T& AMgHr Eeed 7?"” —‘?'—ZH oF
o2 1954\d0] HH o] 8- o] o]
Gro] git}, Ejne gL t U ad
S 7AH BEE 7 AL B, HeRE A
o= el AF 24, 2% 871 59 &

AREEH, B AESS T2 59 AR TR AT
1! Tk (Maddah, 2016).

&2 AFE 2z Alx FHoz d H3HIS #o17] 9
sto] WS F7Ke PP Bt mE A St B4, 7
= AE Alx Ao B A Alof] Fho] H= 53l
tH-82 st 41 3p ZdY WA o] A% Alx
Y5ttt (Abdelrazeq ef al., 2019). 7t4AA TEA}
foiA oz Yo 7AA A=g Hebstr] Sl S3A
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2020; Mark et al., 2020; Parres et al., 2020).
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ThH(Wahab et al., 2013; Perez et al., 2020; Kristiawan et al.,
2021). g@°] B2 Q=] 7o A4l Hlsh
A A7 AFsia BA o] ZHaste] AL 7t
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2FE2Y, ol&, 1A 5 TRt wok= gl A-8= o] Sttt
(Doshi et al., 2022).

FDM (fused deposition modeling)= 7} t53Hd 3D
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Fig. 2. An example of filament extruder line for 3D print.
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!=measured length of the specimen

lo=Iength of cube mold

Deformation ratex= ASTM D955-21] €] 60 x 60 x 2
mm J/39] FAZEe Ht (square plaque)= &30S
o, Al HiE 2 7He] AgE SActe] FEHBF S
H7VSEATHDong et al., 2019). 3D ZE Q] & X A4S
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T 9 HE2 o] Wsle] met HH & AY Hapof ot
£ WY EE vl sl

=45 Y8lAE 1 mm Hele] Flo]olE 10mm 7F
Ao g ®A|, ATl AE FHE = Ut (Fig. 4).
o] ZHE&ES JH AFlsto] Fojolo] 245 SAto R

M, warp-index”} 4] 201 o]} AoJHTt.
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Fig. 3. Schematic diagram of dimensional accuracy according
toeq. 1.
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Fig. 4. Schematic diagram of warp index.
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Fig. 5. Mechanical properties of PP composite materials. (a) Tensile Strength, (b) Elongation, (c) Flexural strength, (d) Flexural modulus,

and Izod impact strength at (e) 23°C and (f) —10°C.
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Fig. 6. Cross-section of PP composite materials. (a) PP compound 200 x, (b) PP/beeswax 200 x, (c) PP/beeswax/compatibilizer 200 x, (d)
PP compound 4.0 kx, (e) PP/beeswax 4.0 kx, and (f) PP/beeswax/compatibilizer 4.0 kx.
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Fig. 11. Warp-index of PP composite materials. (a) Warp-index
average and (b) warpage by layer length.
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