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Abstract Recently, applications of biomass-based plastics have increased according to the eco-friendly policy of the
reduction of carbon dioxide emissions in domestic and foreign government. In this study, a paper plastic composite was
produced by compounding polypropylene and micronized paper powder that was prepared using dry pulverization tech-
nology. Subsequently, the specimen of paper plastic was verified with mechanical properties, formability and product
safety test to confirm the suitable packaging materials for food packaging. Paper plastics showed slightly lower mechan-
ical properties than currently commercialized PP composites. However, paper plastics are valuable materials as envi-
ronmentally friendly carbon-reducing material because of high biocarbon content, light weight features and applicability

of existing manufacturing machines or system.
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Table 1. The classification of bio-based carbon of OK biobased Certification

Grade One star Two stars Three stars Four stars
Mark * * * * %k 2. 8. 0.0 ¢
Range 20% < BCC < 40% 40% < BCC < 60% 60% < BCC < 80% 80% < BCC
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Fig. 1. SEM images of pulverized paper powder with varying particle sizes and shapes.
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Table 2. Changes in the moisture content of paper powder as a function of atmospheric exposure time

Exposure time 3 times later 1 day later 4 days later 7 days later | 14 days later | 30 days later
Moisture content rate (%) 3.25 4.49 6.97 7.28 5.50 6.43
(a) OH (b)
Hj
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HIOIQEA B2 (%) : ASTM D 6866-16 Method B(AMS)

SNLELASAYABZ (9 : pUC) 39.64

HIOIQE A S (S : %) 40

“HQ

]_ BlA;ME}AgOIQJAgak(DVC)‘— 2§J $X17l0 M(EOI

2. HIOIQEASZS pICE UIIZEAS2 Lis 200 1008 S5t 018 42 BSAS0 Hag

3. THOIS X34 (REF)E= ASTM D6866-16 Table 1 5 FAUCO SHE3H= 240! 1008 agg‘

4. ASTM D 686601 Al BIOIQEIASIZ BP0 HUTE + 3% (HMA) 01D

SALBASANABRO BUCE +10 YHEEBHEY
5. N2 TXel ¥ STLY : /S 2 IKRIFHHIIZ2 5T

Fig. 2. Elementary molecular structure of (a) cellulose (glucose), (b) polypropylene and (c) bio-carbon content of paper plastic based
on ASTM D 6866 Method.



Vol. 26, No. 1 (2020) HIO| R~ 71HE Z0| ZetAE2 MR 2 S
A8tz skl 7F AR = 3l

Fo| Fehag AEe] $3& Y % 274 W 2
= Table 3°] L‘rEMl ok @ (Pb) B (mgke), THEE

(Cd) & (mgkg), 7= (Hp) ¥ (mgkg), TF (Cr) &

F (meke), FHLE (KMnO,) 1% (mell), S
e (mgl) & I 307 AA 811101]}\1 7% o

Az E-o] A A ¥urt. ojef 12 AAEAE H|Zo] %
o] FEE2 AF o] Eof AF X2 AAlE A A ko
atrhs Ae gl skt
3) =¥ T A HT PolH L
Al 2F FoF A8 A AlelA= A 71EX

1A
L R, 250
AEAE,

Az Fol
Table 4l b}E}LHOiE} ZFo] & @a
AL §8A7t Hiszs) 7]
Al Bk ﬁakg}gl A8

oL} gut o Feley £rtel

14 24e
o pp BYA o
S g = v

g} d=F U} a8y o B %—0— A28t AT, =+

AL g-_-_];}/ao %7_3,701.5 I R=
oF 5= 9lth. PP E3HA|= ZHo)
st AYE F8 Sio, T2}t 35 wi% H7FEo] 97

Table 3. Safety analyses of paper plastics for food applications

e

Test Item Test Method Unit Method Dh:t]Z;ion Limit Test Result
Lead (Pb) mg/kg 2 Not detected
Cadmium (Cd) mg/kg 2 Not detected
Mercury (Hg) mg/kg 0.2 Not detected
Hexavalent Chromium (Cr6") mg/kg 0.4 Not detected
Migration Lead (Pb) mg/L 0.05 Not detected
Consumption of KMnO? mg/L 0.5 Not detected
Overall migration (as water) mg/L 5 6
PCBs mg/kg - Not detected
Lead (Pb) mg/L 0.05 Not detected
As (as As,03) mg/L - Not more than 0.1
Formaldehyde mg/L 0.09 Not detected
Fluorescence whitening agent - - Not detected
Di-butyl phthalate (as water) MFDS mg/L 0.2 Not detected
Benzyl-n-butyl phthalate (as water) “Stal'ldar(%s and mg/L 15 Not detected
specifications for
Di-(n-ethylhexyl) phthalate (as water) Food Utensils, mg/L 0.8 Not detected
Di-butyl phthalate (as 4% acetic acid) Containers and mg/L 0.2 Not detected
Benzyl-n-butyl phthalate (as 4% acetic acid) Packages” mg/L 15 Not detected
Di-(n-ethylhexyl) phthalate (as 4% acetic acid) mg/L 0.8 Not detected
Di-butyl phthalate (as n-heptane) mg/L 0.2 Not detected
Benzyl-n-butyl phthalate (as n-heptane) mg/L 15 Not detected
Di-(n-ethylhexyl) phthalate (as n-heptane) mg/L 0.8 Not detected
) Phenol mg/L 0.02 Not detected
B(‘;:hvev;‘?;rf Bisphenol-A mg/L 0.02 Not detected
p-tert-buthylphenol mg/L 0.02 Not detected
) Phenol mg/L 0.02 Not detected
(as ?‘szz:glc-ici d) Bisphenol-A mg/L 0.02 Not detected
p-tert-buthylphenol mg/L 0.02 Not detected
) Phenol mg/L 0.02 Not detected
(fslsgie;i;f;) Bisphenol-A mg/L 0.02 Not detected
p-tert-buthylphenol mg/L 0.02 Not detected
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Table 4. Comparison of material properties of PP compounds and paper plastics
. Melting Tensile Tensile . Flexural Flexural Impact
G
Item r/av11;y index strength modulus Elor(lsa)tlon strength modulus strength
. 0
@em) | @lomin) | Mpa) | (Mpa) Mpa) | Mpa) | (kimd)
Test method JIS K7113 | JIS K7113 | JIS K7113 | JIS K7203 | JIS K7203 |ASTM D256
PP Composite 1.18 14.8 35.6 2600 11.1 63.7 4993 32
Paper plastic 1.138 12.5 15.3 2605 6.9 29.3 2998 1.5
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