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The Evaluation of the Packaging Properties and Recyclability with
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Abstract The worldwide effects of COVID-19 have led to a surge in online shopping and contactless services. The
consumption pattern has caused the issues such as the environmental pollution together with the increase of plastic waste.
Reducing the reliance on the petroleum based plastic use for the package and replacing it with environmentally friendly
material are the simple ways in order to solve those problems. Paper is an eco-friendly product with high recyclability
as the food packaging materials but has still poor barrier properties. A barrier coating on surface of the paper can be
achieved with the proper packaging materials featuring water, gas and grease barrier. Polyethylene (PE) or polypropylene
(PP) coatings which are generally laminated or coated to paper are widely used in food packaging applications to protect
products from moisture and provide water or grease resistance. However, recycling of packaging containing PE or PP
matrix is limited and costly because those films are difficult to degrade in the environment. This study investigated the
recyclability of modified acrylic emulsion coating papers compared to PE and PP polymer matrixes as well as their
mechanical and gas barrier properties. The results showed that PE or modified acrylic emulsion coated papers had better
mechanical properties compared to the uncoated paper as a control. PE or PP coating papers showed strong oil resistance
property, achieving a kit rating of 12. Those papers also had a significantly higher percentage of screen reject during the
recycling process than modified acrylic coated paper which had a screen rejection rate of 6.25%. In addition an uncoated
paper had similar value of a screen rejection rate. It may suggest that modified acrylic emulsion coating paper can be
more easily recycled than PE or PP coating papers. The overall results of the study found that modified acrylic emulsion
coating paper would be a viable alternative to suggest a possible solution to an environmental problem as well as enhanc-
ing the weak mechanical and poor gas barrier properties of the paper against moisture.
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Table 1. Types of testing paper sheets

Types of the testing paper samples Acronyms Thickness (um) Grammage (g/m?)
Paper without coating Control 354.00+14.25 281.33+1.89
Polyethylene coated paper PE 380.56+11.50 308.17+1.41
Polypropylene coated paper PP 376.55+14.49 299.67+0.47
Modified Acryl emulsion coated paper AC 363.00+7.51 298.67+1.25
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Fig. 1. SEM images of barrier coated paper samples. Capital letters indicated cross section image of samples and lowercase surface

image of samples. (A; Control, B; PE, C; PP, D; AC)



Vol. 29, No. 3 (2023) w1 0] A& AL JIZE ot oEE 18 54 2 AlESd E7t 157

% Transmittance (a.u.)

Wavenumber (cm '1)

Fig. 2. FT-IR spectra of the respective coated paper samples.
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Table 2. Mechanical properties of barrier coated paper samples. Different lowercase indicated statistical significance (p < 0.05) for each

sampling data

Coated paper samples Tensile strength (kgf/mm?) Elongation (%) Burst strength (kPa)
Control 2.90+0.08* 5.31+0.26° 543.07+22.812
PE 4.09+0.13" 2.65+0.17° 712.44£11.07°
PP 2.79+0.16% 5.19+0.32° 643.90+17.40P
AC 5.98+0.16° 3.59+0.15° 993.00+7.52¢
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Table 3. Barrier properties of barrier coated paper samples. Different lowercase indicated statistical significance (p < 0.05) for each sam-

pling data
Coated paper samples |Air permeance (um/Pa‘s) Cobbsg, value (g/m?) Contact angle (°) Kit rating
Control 2.24+0.02 43.77+2.82° 122.63+1.66° 0
PE < 0.003 0.43+0.06* 95.27+3.89% 12
PP < 0.003 0.40+0.08* 100.13+2.94* 12
AC < 0.003 2.80+0.16% 96.00+0.59% 5

HAFT Lee 50 Aol #8402 AMEEE 47t
24 A A28 Fols JiE ofmd odd =W ol
Cobb Ate]=&= 7ol 247k 1 gm’e} 3 gm’®E AR
e HAFAY. HEL S dxsdA P =2
122.63°7} ko, PP =8 Fol= 100.13°, PE =¥ F
o= 95.28°, /A ofad FH }—Ol—t— 96°Z 272 A
QJstar wglo] AY Fo] AlEw BT folF zto|7t WA
3] ekor, v HEZLS O#TME} ol Zt AEA}
L5o] FH AUA7E fAkete] o7 zle|7t A e
ZoR e, Fig. 104 ERe] AY Fo] Al

]-5“ q.]zq_oﬂ}q A-HEL_/_\_ /Hozﬂi 7_]3_] Jx_il:g_oﬂ
°H’"1 R R 14&71—~ HoE 74_& o} 1;]1:].42,43)_
7zt AZe] U5 BA4S TAPPI T 55990 AAE HPY
Kit test Z%=Z Kit S5°] 129] 7WEFE =& UH
< 7K AS ovislkedl, ¥7F A% PE Z¥ Fol¢}
PP TE ZoldlA H1 =7k 12 23S Yehlo] U
Aol && AFE HAFA txTolMe 0 552 2
Fol Aol sislen, 7id olmd FH Fole 5 57
< S Yehfo] PE, PP IH Folht}t e UHA
RT3} ol= wigle] ZHo] g5 Aol 1A
AE HolFE Wang 5 A7}t fABIH, olad FHe
FAZF gfol TthE Aol Hls)] W WRAES HolE

__rlo
r

:

ox 1o

s 1o o dfo

8 150 UL 2485 45 7]
oz HAwul A58 53 EHFW, 72 HPsIAch

o] azﬂEO [e] 5.25%,
*1 njsfElite] 7
w2 AE HoFlon, 58] 231 EV—JE ofm]x]ef|A]
T x2S T AlE| Hg) Higle] Iy 3ol glo] mls|
g glo] 25 F3d AaE gl PE ¥ Fo|
o} PP FH Fole 77t 19.04%, 16.57%= =& YA E
&S HAFou, MA ofmdR AW AHES Fole=
6.25%= oz e vge] FHESS Uepjug &

=]
=
4 A= 1—r«1 31 PAE 284S S8 A omA

I Pulping yield
110 1 222 Percent of reject

Pulping yield and percent of reject (%)

Control PE PP AC

Fig. 3. Pulping yield and percent of reject of barrier coated
paper samples.
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Fig. 4. Residues on the 0.15 mm slit of Somerville screen. Each capital letter indicated slit image of samples and lowercase letters for
filtration image of samples. (A; Control, B; PE, C; PP, D; AC)
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