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Interfacial Properties and Barrier Performance of Recycled PP/EVOH
Multilayer Plastics Using SEBS-g-MAH
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Abstract This study examines the influence of SEBS-g-MAH (styrene ethylene butadiene styrene grafted maleic anhy-
dride) content (0, 10, and 20 wt%) on the oxygen and moisture barrier properties, as well as the morphological and chemical
structural changes in multilayer plastics composed of recycled polypropylene (PP) and ethylene vinyl alcohol (EVOH). Oxy-
gen transmission rate (OTR) and water vapor transmission rate (WVTR) analyses revealed a gradual decrease in per-
meability with increasing SEBS-g-MAH content, indicating improved barrier performance. Fourier-transform infrared
(FTIR) spectroscopy confirmed the formation of ester bonds between the anhydride groups of SEBS-g-MAH and the
hydroxyl groups of EVOH, as evidenced by a distinct absorption peak near 1735 cm™. This covalent interaction suggests
enhanced interfacial compatibility. Transmission electron microscopy (TEM) revealed significant morphological evolution:
without SEBS-g-MAH, EVOH domains were irregularly and coarsely dispersed within the PP matrix, whereas the addition
of 10 wt% SEBS-g-MAH led to smaller domains and improved interfacial diffusion. At 20 wt%, the EVOH phase was finely
and uniformly distributed, indicating stabilized phase morphology. These improvements in both chemical and morphological
compatibility contributed to reduced interfacial tension, suppressed phase separation, and enhanced blend homogeneity.
Overall, the results highlight the effectiveness of SEBS-g-MAH as a compatibilizer for recycled PP/EVOH plastics, pro-
viding a promising strategy for the development of sustainable, high-performance packaging materials.

Keywords PP (Polypropylene), EVOH (Ethylene Vinyl Alcohol), SEBS-g-MAH (Styrene Ethylene Butadiene Styrene
grafted Maleic anhydride), OTR (Oxygen Transmission Rate), WVTR (Water Vapor Transmission Rate), Recy-
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Fig. 1. Chemical structure of Styrene-Ethylene-Butylene-Sty-
rene (SEBS) block copolymer.

Fig. 2. Chemical structure of Styrene-Ethylene-Butylene-Sty-
rene grafted with Maleic Anhydride (SEBS-g-MAH).
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Table 1. Multilayer compositions of recycled PP/EVOH sheets with varying SEBS-g-MAH content

Multilayer 1 2 3 2 4 1, 4
. Recycled . . . . Recycled
specimen PP 50/EVOH 50 Tie resin EVOH Tie resin PP 50/EVOH 50 SEBS-g-MAH
45% 3% 2% 3% 45% 0%
45% 3% 2% 3% 45% 10%
45% 3% 2% 3% 45% 20%
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Sheet structure

o Compositions
of multilayer P

Layer 1 Recycled PP 50/ EVOH 50 + SEBS-g-MAH
Layer 2 Tie resin

Layer 3 EVOH

Layer 2 Tie resin

Layer 4 Recycled PP 50/ EVOH 50 + SEBS-g-MAH

Fig. 3. Schematic illustration of the multilayer cross-sectional structure of the recycled PP/EVOH container with SEBS-g-MAH-mod-

ified interfacial layer (magnified view of the wall section).
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Fig. 4. TEM analysis images (5,000x magnification) show the morphological changes in recycled PP/EVOH blends with different
SEBS-g-MAH concentrations. white regions indicate the PP phase, while dark regions represent the SEBS-g-MAH & EVOH phases:
(a) 0%, (b) 10%, and (c) 20% SEBS-g-MAH.

Fig. 5. TEM analysis images (20,000x magnification) show the morphological changes in recycled PP/EVOH blends with different
SEBS-g-MAH concentrations. white regions indicate the PP phase, while dark regions represent the SEBS-g-MAH & EVOH phases:
(a) 0%, (b) 10%, and (c) 20% SEBS-g-MAH.

Fig. 6. TEM analysis images (50,000x magnification) show the morphological changes in recycled PP/EVOH blends with different
SEBS-g-MAH concentrations. white regions indicate the PP phase, while dark regions represent the SEBS-g-MAH & EVOH phases:
(a) 0%, (b) 10%, and (c) 20% SEBS-g-MAH.
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Fig. 7. TEM analysis images (>50,000x magnification) show the morphological changes in recycled PP/EVOH blends with different
SEBS-g-MAH concentrations. white regions indicate the PP phase, while dark regions represent the SEBS-g-MAH & EVOH phases:

(a) 0%, (b) 10%, and (c¢) 20% SEBS-g-MAH.
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Fig. 8. FT-IR spectra of (a) PP/EVOH blend without SEBS-g-MAH and (b) PP/EVOH blend with 10 wt% SEBS-g-MAH. In
spectrum (b), a new absorption band appears near 1735 cm™, corresponding to the C=0 stretching vibration of ester groups.
This indicates the formation of ester linkages resulting from the chemical reaction between maleic anhydride (MAH) groups
in SEBS-g-MAH and hydroxyl (-OH) groups in EVOH, confirming interfacial compatibilization.
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Table 2. Oxygen Transmission Rate (OTR) of recycled PP/
EVOH without SEBS-g-MAH

Table 3. Oxygen Transmission Rate (OTR) of recycled PP/
EVOH with 10% SEBS-g-MAH

Time | SEBS-g-MAH | SEBS-g-MAH | SEBS-g-MAH Time | SEBS-g-MAH | SEBS-g-MAH | SEBS-g-MAH
(hr) 0% Test 1 0% Test 2 0% Test 3 (hr) 10% Test 1 10% Test 2 10% Test 3

0 0.00 0.00 0.00 0 0.00 0.00 0.00

1 29.27 30.24 28.13 1 28.17 29.04 26.93

2 11.62 12.58 11.45 2 10.52 11.38 10.25

3 6.93 7.22 5.86 3 5.83 6.02 4.66

4 6.20 5.98 4.51 4 4.10 4.78 3.31

5 5.34 422 3.95 5 3.26 4.04 2.75

6 5.13 3.96 3.54 6 3.05 3.78 2.34

7 4.92 3.64 3.31 7 2.84 3.46 2.11

8 4.90 3.45 3.21 8 2.82 3.27 2.01

9 4.67 3.25 3.19 9 2.59 3.17 1.99

10 4.62 3.22 3.17 10 2.54 3.04 1.97

11 4.55 3.20 3.16 11 2.47 3.11 1.96

12 4.55 3.18 3.15 12 2.45 2.98 1.95

w
&

—8— SEBS-g-MAH 0% Test 1
—®— SEBS-g-MAH 0% Test 2|
—A— SEBS-g-MAH 0% Test 3

w
S
L

N
&
L

Oxygen Transmission Rate (cc/(.day))

Time(hr)

Fig. 9. Oxygen Transmission Rate (OTR) measurements (n=3)
for recycled PP/EVOH without SEBS-g-MAH.

Table 4. Oxygen Transmission Rate (OTR) of recycled PP/
EVOH with 20% SEBS-g-MAH

Time | SEBS-g-MAH | SEBS-g-MAH | SEBS-g-MAH
(hr) 20% Test 1 20% Test 2 20% Test 3

0 0.00 0.00 0.00

1 26.17 26.14 25.13

2 8.52 8.48 8.43

3 3.83 3.12 2.84

4 2.10 1.88 1.49

5 1.26 1.14 0.93

6 1.05 0.88 0.52

7 0.84 0.56 0.29

8 0.82 0.37 0.19

9 0.59 0.17 0.17

10 0.54 0.14 0.15

11 0.47 0.10 0.14

12 0.45 0.08 0.15

—8— SEBS-g-MAH 10% Test 1
30+ —®— SEBS-g-MAH 10% Test 2
—A— SEBS-g-MAH 10% Test 3

Oxygen Transmission Rate

Time(hr)

Fig. 10. Oxygen Transmission Rate (OTR) measurements (n=3)
for recycled PP/EVOH with 10% SEBS-g-MAH.
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Fig. 11. Oxygen Transmission Rate (OTR) measurements (n=3)
for recycled PP/EVOH with 20% SEBS-g-MAH.
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Table 5. Water Vapor Transmission Rate (WVTR) of recycled
PP/EVOH without SEBS-g-MAH

4. WVTR 24 E1}

Table 5-7# Fig. 12-1404 =R1¥ ute} ro], Aj&hg-
PP/EVOH E#=o] SEBS-g-MAH #7}#o] Z7134=
WVTRe] frefv|sil Hashe 43S Bt ©l= SEBS-
g-MAH7} T 73 WA 2Asks nldg2 A 2
(non-compatible phase separation)S <JAs}aZ, PP} EVOH
7o) AR BAHS FINA R T3 R2E AH
o7 A7) HEos EAE

SEBS-g-MAH®] MAH %871 S/4712A4], EVOH W

AL (OH)Q]' TFA @tﬂ- r= .,ﬁl_r_ %LJ,]_ _l_l_}\]_‘g]. }\]-EX}
&5 F=EIT o2 sl ¥SA PP WiEHXAS S4
VOH “FHZ Alole] A Fzpo] s, AmSolr
2 kv vAl B @/g0] dAS] gt A
o7 #5719 Tt ARV 9L E8iAHEA WVTR
o] Z4&A AT w3l SEBS-g-MAHE % (gum
phaseys ¥3heh= £5 F5AIEA ALES Wl WF &
g elsio} 7%1‘?4_ W & &bl 7Pt ol v T
z0] 71AIA BT = 4 549 A4 (long-term
barrier stabilityys &A1 FFAIZITE 53], 20 wit% 7t
ZAdME 7FE v+& WVIR & YeldEd), ol +
ZA ALEe A AEdo] 7P Al 3
Table 6. Water Vapor Transmission Rate (WVTR) of recycled
PP/EVOH with 10% SEBS-g-MAH

o lo O

Time | SEBS-g-MAH | SEBS-g-MAH | SEBS-g-MAH Time | SEBS-g-MAH | SEBS-g-MAH | SEBS-g-MAH
(hr) 0% Test 1 0% Test 2 0% Test 3 (hr) 10% Test 1 10% Test 2 10% Test 3
0 0.000 0.000 0.000 0 0.000 0.000 0.000
1 0.372 0.348 0.346 1 0.131 0.125 0.137
2 0.591 0.551 0.564 2 0.358 0.398 0.365
3 0.742 0.704 0.714 3 0.677 0.663 0.677
4 0.686 0.654 0.654 4 0.522 0.517 0.528
5 0.639 0.606 0.605 5 0.375 0.406 0.389
6 0.613 0.559 0.574 6 0.330 0.362 0.346
7 0.586 0.535 0.558 7 0.310 0.340 0.322
8 0.565 0.517 0.534 8 0.294 0.323 0.308
9 0.538 0.495 0.518 9 0.274 0.309 0.289
10 0.524 0.485 0.499 10 0.269 0.299 0.279
11 0.511 0.478 0.493 11 0.265 0.292 0.273
12 0.505 0.470 0.483 12 0.256 0.284 0.265
13 0.498 0.468 0.476 13 0.250 0.279 0.263
14 0.497 0.460 0.471 14 0.250 0.278 0.261
15 0.497 0.457 0.467 15 0.249 0.277 0.261
16 0.495 0.459 0.466 16 0.245 0.275 0.260
17 0.496 0.458 0.467 17 0.245 0.276 0.258
18 0.495 0.457 0.466 18 0.242 0.275 0.258
19 0.496 0.458 0.465 19 0.243 0.276 0.259
20 0.495 0.458 0.465 20 0.242 0.275 0.259
21 0.496 0.457 0.465 21 0.243 0.275 0.258
22 0.494 0.458 0.466 22 0.242 0.276 0.259
23 0.496 0.458 0.465 23 0.243 0.275 0.258
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Table 7. Water Vapor Transmission Rate (WVTR) of recycled
PP/EVOH with 20% SEBS-g-MAH

Water vapor Transmission Rate (g/(™ .day))

Time | SEBS-g-MAH | SEBS-g-MAH | SEBS-g-MAH
(hr) 20% Test 1 20% Test 2 20% Test 3
0 0.000 0.000 0.000
1 0.137 0.125 0.131
2 0.271 0.302 0.296
3 0.653 0.647 0.655
4 0.450 0.430 0.467
5 0.394 0.370 0.409
6 0.325 0.318 0.357
7 0.286 0.270 0.309
8 0.272 0.253 0.296
9 0.253 0.240 0.278
10 0.244 0.230 0.265
11 0.237 0.223 0.260
12 0.230 0.215 0.251
13 0.228 0.210 0.247
14 0.226 0.209 0.245
15 0.226 0.208 0.244
16 0.225 0.206 0.240
17 0.223 0.207 0.240
18 0.224 0.206 0.237
19 0.224 0.207 0.238
20 0.223 0.206 0.237
21 0.223 0.207 0.238
22 0.224 0.209 0.237
23 0.223 0.208 0.237
0.84 —— SEBS-g-MAH 0% Test 1

—@— SEBS-g-MAH 0% Test 2|
|—A— SEBS-g-MAH 0% Test 3|

Water vapor Transmission Rate (g/( .day))

-0.1 T T T T T

Time(hr)

Fig. 12. Water Vapor Transmission Rate (WVTR) measure-
ments (n=3) for recycled PP/EVOH without SEBS-g-MAH.
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Fig. 13. Water Vapor Transmission Rate (WVTR) measurements
(n=3) for recycled PP/EVOH with 10% SEBS-g-MAH.
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Fig. 14. Water Vapor Transmission Rate (WVTR) measure-
ments (n=3) for recycled PP/EVOH with 20% SEBS-g-MAH.
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