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m Regenerable and durable plastic honeycomb foundations were produced from polypropylene
compounds. The polypropylene compounding compositions were formulated for manufacturing
a plastic honeycomb foundation. The polypropylene resin was mixed with the bee-friendly
additive materials, such as beeswax, talc, woodflour and compatibilizer. The compounding
materials were pelletized through kneading in extruder. The injection mold for the compounds
was provided to have a double hexagonal pierced structure considering the durability and
nestability of the honeycomb foundation. The mechanical properties of different compositions
of polypropylene composites were measured using UTM, in which the beeswax ingredient
significantly reduced the strength and hardness. The plastic comb foundations were field-tested
at some apiaries. The nesting ability of bees was compared with color types and compounding
compositions of the comb foundation. It was improved with beeswax composition, while showing
no significant differences in appearance color.
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Table 1. Compositions of compounding materials for plastic comb foundation.

Effect Color / Coupling Agent / Beeswax WPC / Inorganic Filler Beeswax
Feed Stock
Unit S1 S2 S3 S4 S5 S6 S7 S8 S9 S10  Sl11 S12
Homo PP (H550) wt% 100 100 100 100 100 100 100 100 100 100 100 100
Woodflour phr 5 5 5 5 5 5 0 2.5 5 7.5 0 0
Beeswax phr 0 0 5 0 0 0 15 5 10
Compatibilizer phr 0 2 2 2 2 2 2 2 2 2 2
Inorganic Filler Talc phr 10 10 10 10 10 10 0 5 10 15 0 0
Color Red 3 3 0 0 0 0 0 0 0 0 0 0
Yellow 0 0 3 0 0 0 0 0 0 0 0 0
Black phr 0 0 0 3 0 0 0 0 0 0 0 0
Natural 0 0 0 0 0 0 0 0 0 0 0 0

% The comb foundations of dark background compositions are compared with each other in field test. SI~S12 refer to specimen numbers.

% phr (per hundred resin): abbreviation of parts per hundred resin.
¥ wt% (weight %): percentage by weight

Fig. 1. Design structure and size of mold for honeycomb foundations.
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Table 2. Mechanical properties of various polypropylene composites measured by each specimen number.

Effect  Color/Coupling Agent/ WPC/Inorganic Filler Beeswax
Propert Method Test Beeswax
PeIY  (ASTM)  condition
Unit Sl S2 S3 sS4 S5 S6 ST S8 S9 S0 SIl  SI2
Density D792  Archimedes  g/em® 0987 0.984 0975 0980 0977 0963 0987 0969 0.943 0.927 0.905 0.907
Tensile D638 . MPa  35.1 36. 368 367 367 345 379 377 367 359 325 294
strength 50 mm/min
Elongation D638 % 140 128 127 117 129 477 314 328 198 160 532 703
Flexural
strength D790 536 539 546 542 538 488 563 552 520 476 384 350
10 mm/min MPa
Flexural
D790 2,555 2462 2476 2432 2392 2261 2725 2495 2,145 1781 1411 1300
modulus
Izodimpact D256  23°C y 253 245 249 236 207 273 318 255 27. 258 282 196
m
strength D256  —10°C 215 208 21.1 207 206 219 225 208 214 211 199 180
HDT* D648 0.45MPa °C 1279 1270 1323 1303 1312 1229 1279 1318 1251 110.1 100. 863
ﬁ;ﬁ‘g] D785  Indentation  Rscale 1039 1040 1069 107.1 1069 100.6 1045 1066 107.1 1034 966 889

*HDT : heat deflection temperature

£ Hyou o2 2+ §- 77
Ao A= ol=gt 2po]7F Ay
H, 22 SAZF LA H7HIE0] a
WAt E3F beeswax d0] B =] FE H Ak
AAF] ASHAZ 2L (S11, S12), filler?] H7H= o]
beeswax 2] FF= A ot = A2 HolFUTH(S6,
S10).

AW

(b)

=,
B

L

ol

pellet-= AF&5H] 220
PC 5] 9] Aol &
|}, ahebA] 97
PC Zx7fjo] ]l oF

ot
%

Jo 2
N
N
N

2

2xoz

@
e

i O o mfi Ay ox

X2 natural, yellow, black &

=
AR 2742 FAG ALY 42
A

257



Fig. 5. A test evaluation on bees’ nesting ability of plastic comb foundations by color. The upper numbers refer to the specimen numbers in

Table 1.
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Fig. 6. Evaluation of nesting ability of comb foundation materials (a) without any coating and (b) with beeswax coating. The upper num-
bers refer to the specimen numbers in Table 1.
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