Polym. Korea, Vol. 49, No. 3, pp. 317-324 (2025) ISSN 2234-8077(Online)
https://doi.org/10.7317/pk.2025.49.3.317

=M E HElEsrX[2t 4SSHE TSt EC|=2 3 7|8t SEAXe|
g2y 2 JAH 24 A7

7| snSd st s e, e s S St vl
(202493 119 209 Her, 20243 129 209 54, 20253 1€ 8 A=)

Study on Mechanical and Thermal Properties of Polypropylene-based
Composites with Crushed Phenolic Resin Waste and Compatibilizer

Se Jun Yang®** In Gyu Choi***, Tae Min Lee***, Jin Woo Bae***'“ and Byeong Uk Nam*'

*Department of Chemical and Biological Engineering, Korea University of Technology and Education,
1600, Chunjeol-ro, Byeongcheon-myeon, Dongnam-gu, Cheonan-si, Chungcheongnam-do, 31253, Korea
**Future Convergence Engineering, Korea University of Technology and Education,

1600, Chunjeol-ro, Byeongcheon-myeon, Dongnam-gu, Cheonan-si, Chungcheongnam-do, 31253, Korea

(Received November 20, 2024; Revised December 20, 2024; Accepted January 8, 2025)

Z5: HEgrAe 75K A2A 73 g 71A18 B 7HAAL IXIRE €3 B0 E sl AR & AlEE-
o] oJFt}. & Aol A= HH| =<2 (phenolic resin waste, PRW)E A|&-8-3}17] 23l ©]& w3 (crushed phenolic resin
waste, CPRW)SI2L &2 A3 Z2|Z2H# (polypropylene, PP)Z &7 7} 3le] PP/CPRWEAAE A
Z3I5At). o] FA] A|lZ=E PP/CPRW E3AA| oA #HlmrA9F PPo| W 24-8/38 7HAds7] f18) “4-8-31A191 maleic
anhydride grafted polypropylene(MAPP)S =3}t PP/CPRW E§4AE 4837t EYPEA] e Ag-ro) A
BolA7F =YEIA 1 Fhego] Sl wlet 71A1E B4 €3 B2do] IPIEISITE PPICPRW H32Alloll 483417} &
3] =Ygl wE} A=} S EC] ST, SRS ATt AAEe] AurERl ZAIA o] &
FEE ERISHAT. Tk A8skA "ot ogh BftAAle] A3 29} G 2=E Ast] A3t £
Aol MAEL BRIsIT. A4k Y7ol w2 PP/CPRW E5tAle] 4 714 90S FTIRY SEMOZ
A% A3}, MAPP 383k 712 CPRWSRS] e 3280w PP mlEZA YollA] CPRWE] -840l
AR, o] 2 el AR g2t o] FE AL 4Hdo] i Ee] A gl ZAA 4ol SU1e AS ERIsk

Abstract: Phenolic resin is a thermosetting resin, which has excellent heat resistance and mechanical properties, but it
is difficult to recycle after use due to its thermosetting properties. In this study, in order to recycle phenolic resin waste
(PRW), crushed phenolic resin waste (CPRW) was used as a filler and compounded with polypropylene (PP) to prepare
PP/CPRW composites. In order to improve the low compatibility of phenolic resin and PP in the PP/CPRW composite,
maleic anhydride grafted polypropylene (MAPP), a compatibilizer, was introduced. The mechanical and thermal prop-
erties of PP/CPRW composites were improved with the introduction of MAPP and an increase in its content compared
to those without MAPP. The tensile strength and flexural modulus of PP/CPRW composites were increased with the addi-
tion of sufficient amount of compatibilizer, and the reduction of impact strength was improved, which improved the over-
all mechanical properties. In addition, the crystallization temperature and thermal decomposition temperature of the
composites with the addition of compatibilizer were analyzed to confirm that the crystallization rate and heat resistance
were improved. FTIR and SEM analyses of the physical properties of PP/CPRW composites due to the addition of com-
patibilizer showed that the addition of MAPP compatibilizer improved the compatibility of CPRW in the PP matrix due
to hydrogen bonding interactions with CPRW, which improved the interfacial adhesion and improved dispersion, result-
ing in increased thermal and mechanical properties.

Keywords: phenol resin waste, recycling, polypropylene, compatibilizer, composite, maleic anhydride grafted polypropylene.
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Table 1. Composition of PP/CPRW Composites

Grade PP (wi%)  CPRW (phr) MAPP (phr)

Neat PP 100 - -
CPRW10C0O 100 10 -
CPRW10C5 100 10 5
CPRW10C10 100 10 10
CPRW20C0 100 20 -
CPRW20C5 100 20 5
CPRW20C10 100 20 10
CPRW30C0 100 30 -
CPRW30C5 100 30 5
CPRW30C10 100 30 10
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Figure 1. Tensile strength of the PP/CPRW composites with various
CPRW and compatibilizer contents.
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Scheme 1. Diagrams of internal structures of composites: (a) PP/CPRW; (b) PP/CPRW/MAPP composite; (c) interaction between MAPP and

CPRW.
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Figure 2. Elongation of the PP/CPRW composites with various CPRW
and compatibilizer contents.
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Figure 3. Flexural modulus of the PP/CPRW composites with var-
ious CPRW and compatibilizer contents.
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Figure 4. Impact strength of the PP/CPRW composites with various
CPRW and compatibilizer contents.
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Figure 5. DSC cooling curves of the PP/CPRW composites with
various CPRW and compatibilizer contents.
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Figure 6. TGA curves of the PP/CPRW composites with various (a)
CPRW; (b) compatibilizer contents.
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Figure 8. SEM images of the tensile cross-sections of PP/CPRW
composites: (a) CPRW30C0; (b) CPRW30CS5; (¢) CPRW30C10.
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