Polym. Korea, Vol. 44, No. 3, pp. 255-263 (2020)
https://doi.org/10.7317/pk.2020.44.3.255

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

EQ|Z2LA/MEZRA LI Me SgiFe] ¢ o J|AN 8
2HE - 420 0|5 - YH2 - UAFF - YE - M5 - AWK
Ql3ey star arpAlgstat, #qlsid| st s}shgsta), *+LG A}
0199 11€ 129 H, 20209 1€ 9¢ 4, 20209 2¢¥ 1Y AH)

Thermal and Mechanical Properties of Polypropylene/Cellulose Nanofiber Composites

Hyeok Jun Yoon, Bo Min Gil, Jong Hyeok Lee, Jeong Eun Park, Jonghwi Lim,
Myeong Jun Jo*, KyungHo Jung**, and Jeong Jae Wie'

Department of Polymer Science and Engineering, Inha University, 100 Inha-ro, Michuhol-gu, Incheon 22212, Korea
*Department of Chemical Engineering, Inha University, 100 Inha-ro Michuhol-gu, Incheon 22212, Korea

** Advanced Material Team, Materials & Devices Advanced Research Institute, LG Electronics Inc.,
Bldg W1, LG Science Park, 10, Magokjungang 10-ro, Gangseo-gu, Seoul 07796, Korea

(Received November 12, 2019; Revised January 9, 2020; Accepted February 11, 2020)

=5 F2, /P TS AALEA F shRl AR s ARSI flE AR, e, BAA Sl ek
A77F HPE AL Qe & Aol e &Rl n_ﬁ H AFE A} ’&?3 T AelA 7P Bl 2olal Qe ZEiE F
shpel Z]= 2 (polypropylene, PP)e] 71414 EAS Z7HA1717] S8l AEZ Q22 Wi Ad-f(cellulose nanofiber,
CNF)E ARl B34S Azt F5491 EEF/]_E glof] /421 CNFE 4117171 918 Fraelat 2=

2 & (maleic anhydride polypropylene, MAPP)S

A wgawq ZA7Y5= 7443t SEM 24 A3 PP/MAPP o

QYFESE FHYEE MEY LG} ONF 719] JEAgo] 27 Aga) F71e
3 Bets ol gaue

+% BgAel 974 Qs dobdrh Ed ¥ ¥e] ONF 4

SRS

$GBAZ H7HITh ONFZF A7 hes Qgest 25des

Eg| 20l CNF Ato]e] A5 akgo] glgliar
FA7EE 7153 CNFE ¢

SRR1gh TGA #4143} CNF7F @A 0= BePgsly] wlioll CNFe| o] S7ied

MZol| A Az olg] 7]3o] 2718k AL

Abstract: Recently, one of the most abundant natural polymers in the earth, cellulose has been studied in various fields.
In this study, polymer composites were produced through introduction of cellulose nanofiber (CNF) into polypropylene
(PP) which is one of the most commercially utilized polymer for enhanced mechanical properties. Also, maleic anhydride
polypropylene (MAPP) was added to PP/CNF composites for compatibility improvement between non-polar PP and
polar CNF. Both tensile strength and flexural strength were increased with the addition of CNF, but, on the other hand,
impact strength was decreased. As a result of SEM analysis, the interaction between PP/MAPP matrix and CNF was cre-
ated, and the tensile and flexural stress were influenced by the interaction between PP/MAPP matrix and CNF. Impact
stress confirmed that it decreases by pore and stress concentration by CNF. The TGA analysis confirmed that composites
are thermally unstable by CNF. Therefore, as CNF contents increased, the initial and final decomposition temperature of
the composites are decreased. We also observed increase of porosity because of bound water in the case of high CNF

contents.
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Figure 1. Extrusion process of PP/MAPP/CNF composites: (a) chemical structures of PP, MAPP and CNF; (b) extruder model and extrusion
conditions including screw temperature, composite temperature, and screws rotating speed.
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Figure 2. SEM micrograph of CNF.
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Figure 3. Samples obtained as a result of extrusion and injection molding: (a) extruded PP/MAPP/CNF composites according to CNF con-
tents; (b) specimens of 10 phr PP/MAPP/CNF composites for tensile, flexural and impact testing.
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Figure 4. FTIR spectra of PP/MAPP/CNF composites.
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Figure 5. TGA curves of PP/MAPP/CNF composites and neat CNF: (a) weight decrease curves; (b) derivatives of weight curves.
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Table 1. Density Variation with Increase of CNF

Sample Buél;/g;r;;ity Pozg/iity
Neat PP/MAPP 0.93 6.56
10 phr 0.93 5.98
30 phr 0.96 5.68
50 phr 1.03 5.76
70 phr 1.03 6.15
90 phr 1.08 6.23
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Figure 10. SEM micrographs of fracture surfaces after tensile tests by CNF contents: (a) neat PP/MAPP; (b) CNF 10 phr; (c) CNF 30 phr;

(d) CNF 50 phr; (e) CNF 70 phr; (f) CNF 90 phr.

Figure 11. SEM micrographs of fracture surfaces after tensile tests by CNF contents with higher magnification than Figure 10: (a) CNF

10 phr; (b) CNF 70 phr.

4 =

B AFolM= CNFe| gs]ol] u}2 PP-CNF &3] 2]
a7 2 7IAA 2488 AT ONF &3] S7HErS
CNFe] 541719} MAPPS] 45288 B3l QId7deel ==F
AE7t SV R 3 A7 s o] =2 CNFE <l
gk &8 HE, 23 E9A Az Aol 1&F A9 23
A7) 7ke] BES-A] zto] 9 CNFE] 4712 ¢ls] A7) Agt
T7F 4= T S el g 7)Fe] HEAEA 3
& WA Hhshe Aol vEsth QAR S5 s
o] BAJo] Z7eh= RS SEM 415 3 CNF2F MAPP

Za), A447 A335, 2020

7r0] ARAGS] A7} /1O A BN P
o 7] WEUS X 5 YTk FAYE] At ONF
Bl et wlEsks D7) obd, A T ol gl
AR o) FAREE eI o8 Fa CNFshe] HAo.
2 Q% 34 Bato] AdEe AN 2ARE L 5 9

At

UMl Z: o] =R-e o] Ak AHEPIEHRENT)
o Ao FRATAUE AP Wol SR Aolw
(NRF-2016R1D1A1B03931678, NRF-2017H1D8A1032288)
olol] Ak EGU.



N

10.

11.

12.

13.
14.

15.

16.

17.

18.

ZolmagdAsee s the 4

F

¥
o
ror

i

. M. Jarvis, Nature, 426, 611 (2003).

. Y. J. Sung, Y.-J. Lee, J.-W. Lee, S.-B. Kim, G-S. Park, and S.-J.
Shin, J. Korea Tech. Assoc. Pulp Pap. Ind., 42, 56 (2010).

. J. H. Lee, J. H. Lim, K. Y. Kim, and K. M. Kim, Polym. Korea,
38, 74 (2014).

. P. Jandura, B. Riedl, and B. V. Kokta, Polym. Degrad. Stab., 70,
387 (2000).

. H. P. S. Abdul Khalil, Y. Davoudpour, M. N. Islam, A. Mustapha,
K. Sudesh, R. Dungani, and M. Jawaid, Carbohydr. Polym., 99,
649 (2014).

. W. T. Wulandari, A. Rochliadi, and I. M. Arcana, IOP Conf. Ser.
Mater. Sci. Eng., 107, 012045 (2016).

. M. Lee, M. H. Heo, H. Lee, H. H. Lee, H. Jeong, Y. W. Kim, and
J. Shin, Green Chem., 20, 2596 (2018).

. J. Lee, Y. Lee, S. Park, and K. Ha, Polym. Korea, 43, 612 (2019).

. P. Phanthong, P. Reubroycharoen, X. Hao, G. Xu, A. Abudula,

and G. Guan, Carbon Resour. Convers., 1, 32 (2018).

A. Pinkert, K. N. Marsh, S. Pang, and M. P. Staiger, Chem. Rev,,

109, 6712 (2009).

G H. Kim, D. Y. Kim, S. G Kim, D. H. Kim, and K. H. Seo,

Polym. Korea, 39, 649 (2015).

Q. T. H. Shubhra, A. K. M. M. Alam, and M. A. Quaiyyum, J.

Thermoplast. Compos. Mater., 26, 362 (2013).

S. Y. Jang and D. S. Kim, Polym. Korea, 39, 130 (2015).

S. D. Hong, J. H. Kim, and Y. H. Kim, Polym. Korea, 42, 994

(2018).

M. Lee, M. H. Heo, H. H. Lee, Y. W. Kim, and J. Shin,

Carbohydr. Polym., 159, 125 (2017).

C. M. Vu, D. D. Nguyen, L. H. Sinh, H. J. Choi, and T. D. Pham,

Macromol. Res., 26, 54 (2018).

M. A. S. Azizi Samir, F. Alloin, and A. Dufresne, Biomacromolecules,

6, 612 (2005).

S. Stankovich, D. A. Dikin, G. H. B. Dommett, K. M. Kohlhaas,

E. J. Zimney, E. A. Stach, R. D. Piner, S. B. T. Nguyen, and R.

S. Ruoff, Nature, 442, 282 (2006).

fr EeAle] @4 B 7AE 24 263

19. J. S. Yeo, O. Y. Kim, S. W. Lee, and S. H. Hwang, Polym. Korea,
41, 157 (2017).

20. W. Xia, X. Qin, Y. Zhang, R. Sinko, and S. Keten, Macromolecules,
51, 10304 (2018).

21. K. Joseph, S. Thomas, and C. Pavithran, Polymer, 37, 5139 (1996).

22. M. Pracella, M. M. U. Haque, and V. Alvarez, Macromol. Mater.
Eng., 295, 949 (2010).

23. K. H. Yoon, J. H. Um, D. H. Kim, and Y. Son, Polym. Korea, 41,
955 (2017).

24. B. H. Lee, J. J. Kim, D. S. Jeong, C. W. Kim, K. S. Kim, and Y.
C. Kim, Polym. Korea, 41, 592 (2017).

25. M. Nagalakshmaiah, N. El Kissi, G. Mortha, and A. Duftresne,
Carbohydr. Polym., 136, 945 (2016).

26. S. Spoljaric, A. Genovese, and R. A. Shanks, Compos. Part A
Appl. Sci. Manuf., 40, 791 (2009).

27. S. Lee, K. H. Ko, J. Shin, N. K. Kim, Y. W. Kim, and J. S. Kim,
Carbohydr. Polym., 121, 284 (2015).

28. C. Zhao, E. Jiang, and A. Chen, J. Energy Inst., 90, 902 (2017).

29. B. Hermawan, S. Nikmatin, Sudaryanto, H. Alatas, and S. G
Sukaryo, IOP Conf. Ser. Mater. Sci. Eng., 223, 012064 (2017).

30. Y. Lyatskaya, D. Gersappe, N. A. Gross, and A. C. Balazs, J.
Phys. Chem., 100, 1449 (1996).

31. L. Yan-Long, W. Tie-Hang, and S. Li-Jun, Soi/ Sci., 180, 90
(2015).

32. J. Kim, J. Song, M. Im, H. Kim, J. Kim, and H. 1. Kim, Polym.
Korea, 42, 539 (2018).

33. H. S. Kim, B. H. Lee, S. W. Choi, S. Kim, and H. J. Kim,
Compos. Part A Appl. Sci. Manuf., 38, 1473 (2007).

34. B. M. Gil, S. W. Song, J. H. Lee, J. Jeon, K. H. Lee, and J. J. Wie,
Compos. Part B Eng., 165, 510 (2019).

35. M. Bengtsson, M. Le Baillif, and K. Oksman, Compos. Part A
Appl. Sci. Manuf., 38, 1922 (2007).

36. J. S. Yeo, O. Y. Kim, and S. H. Hwang, Polym. Korea, 42, 185
(2018).

37. Y. Lee, J. Lee, S. Park, K.-H. Lim, and K. Ha, Polym. Korea, 43,

652 (2019).

Polym. Korea, Vol. 44, No. 3, 2020



