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Figure 1. Typical structure of an aseptic carton [7].
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Figure 2. Distillation unit for recovering polyethylene from solvent.
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Table 1. Pure weight percentage of LDPE in various aseptic packaging brands.
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Table 2. Optimization of LDPE dissolution: Testing different ratios of xylene, toluene, and gasoline.

Plodl 50 i Sy @n) o)l 5l an @n iyl ds O sk o) ey Gkl =
af YY/® < IYAYY VY2 . . Voo \
ay YY/f «/yay. V/-Yf# . Voo Y
AN AR¥AS < IAYOY V/-Fva Voo Y
hYd Y¥/. AARE V/-FAVY O . O s
ay YYIY AL RN V/-FYY - R A
v Y¥IY <IYA-¥ V/YY . R O 7



A Y¥i# <IYAYF# IRAE ¥ Y Y. Y
aA Y¥/§ <IYYOA \/-YFA O Yo Yo A
af ARTAN AT V/Y\F 7 Y Y a
ay YY/- </YadA \[-YAF \a ‘o Vo \

35,55 o yal b slolis XY

LS s (Tlgnr) o oy lalojl 003190 (b mhans 50 5o ol (2 ST eoll y JolS” Plovil 4y (olws e
Sl Jolonaionnlice «(1 ) 1zl aisle) 355 YUl Dol a5 ol .l 72+ VL b iolojT 51 o jo Mol &5
zep (0 13D 1) Ploully caolesl 5o wlonis lax Mol Slakid 55 5 5 ks 3535 owile b ;5 ksl b sl 3
Lul s illas V> o Ml a8 oo o8 4 9] 51 o 2, 5l e ladad g il 39 onile Bl s ksl b
5 Ollsh Ll acilad og>g gils g ISk (il ol jo ol oolaiwl slge (lgie 4 4V gs Slakad 5l o5 g 090 (s0le
o0l Slowz (oS Y (2 sy A 5 8L 281 (en S g Gloy A 2] )0 rizren 0l 05 oile S
Wy o (2 SIS nl @05 oo Sbml gl 5 (S510 5 50 (69,8 & pazie la S Sl )b 2 Egeme ;0 0y
Slaslie ol wile Bl Ll by ot g L8 55ls w2l Gial3dl mle 4y dalr s a5 Sloj o Jlie (6l sogn
sy 5 bl g ogy Slaslie Sulily bazsl @l oSy i e osliiul 55 a¥es Olalad jl a5 55 Sloj aslice Ly i

s ooliil sy al> o 40 Wdosls Judow g arims sl Sioles] b sl eemlply g Jlolins laus Dl

72+ bl maw @l o ol )0 ol plal 6 STL ¢ GrolejT catunly yusiie (lore 4y Pl duojo SBl 5

Sgaza o3gazme o a4y Led yialb S S1 ol Gl LS s 5 st /) ol Wl aseis o g ol ad S s o

Sl 421y sz 55l e e 0 ool Gl ST B 23 sy o o Sl b 3 ]

oo 5 e 50 4 5l 5 cole @ el o I8l LB 338, Ll Ll L Pl iS5l

Ol dgdoe e Plol doys am )5 g i Jolme jo GLSIGh alle BBk i wlbe 4 sl o 4z 58w

e 33,5 o Pl (8 i3 18l5 5 Jslons 55,1, Sl e it oIl Sl 31 oS el s ooy
253l el 1y sl a0 5 amo o malS 1y D b Ll ly Guld e ¥ go gl o 9529w 2o

Sl Plosl ao e B¥s 51 (S0 Vil mle sl Cond yiel)l 45 65 am Bl o ool Colbd 4 gl

oz oy 58 6 ian L3I L AFPE slacy jeualS a5 L] 51 ccal TP sladiges b dlslie 18 AI-PE slacy 55,05 5o

aeys BYs 5l s (S NN Vg slajyo alyl copl pegdle il o LzalS o] sl 48 o P> 215 s )ls

Sl Sdligynee anld 5l e G e ol 5 (B s el ARPE (glacyjssls 5o it 5 5omli o
DS e ol JSie ol a0 g asile o

LDPE ol 5 ol 3 sl el b 36 Jgu
Table 3. The effect of process parameters on LDPE dissolution.
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Table 4. Percentage of polyethylene dissolution in different brands of aseptic packaging.
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Table 5. The recovery rate of solvent and polyethylene after the distillation process.
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Figure 3. Aseptic carton recycling process: (A) paper and aluminum; (B) polyethylene that has absorbed the green dye
from gasoline.
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Figure 4. FTIR spectrum of recycled polyethylene.
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Figure 5. Challenges in separating aluminum from cardboard using the density difference method.
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A Sustainable Approach to Recycling Multi-Layer Aseptic
Packaging

Abstract: Recycling aseptic cartons poses significant challenges due to their complex multi-
layer structure. This study focuses on optimizing the dissolution of low-density polyethylene
(LDPE) to develop an efficient recycling method for these materials. Cartons from various
brands were collected, cleaned, and dried, with LDPE dissolved using a solvent blend of
xylene, toluene, and gasoline. The Plackett-Burman experimental design was employed to
identify keyufactors affecting dissolution. The optimal solvent ratio was determined to be
50:25:25 (v/v) gasoline; xylene, and toluene. Critical parameters, in order of influence,
included the solid-to-liquid ratio, double-layer seams, temperature, and time. Under optimal
conditions (120°C for 30 minutes), complete LDPE dissolution was achieved across all brands.
Recovery rates reached100% for LDPE and 90% for the solvent. Traditional methods for
separating aluminum from paper proved ineffective, but an eddy current separator (ECS) was
identified as a viable'solution..Furthermore, omitting the hydropulping step enhanced LDPE
dissolution. This research paves the way for more effective recycling strategies, supporting
sustainable waste management and advancing the circular economy. Additional studies on
scalability, economic feasibility;"and environmental impact are required for industrial
application.

Keywords: Tetra Pak; Aseptic cartons; Multi-layer composites; Chemical recycling; Eddy
current separation
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