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Abstract: The dispersion of graphene nanoplates (GNPs) in polypropylene (PP)/GNP composites and the compatibility
of PP and GNP were investigated. (3-aminopropyl)triethoxysilane (APTES) was used for GNP modification, and FTIR
spectroscopy was used to confirm the modification of GNPs. To improve the compatibility of PP and GNPs, maleic anhy-
dride (MAH) grafted PP (PP-g-MAH) fabricated by reactive extrusion was used. In the composite where GNP modi-
fication and PP-g-MAH were simultaneously applied, the crystallization temperature increased, unlike other composites.
This is interpreted as being due to the improved compatibility of GNPs. The contact angle change was examined to con-
firm the improvement in compatibility.
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Figure 1. Schematic diagram of GNP modification by APTES and
FTIR spectrum.
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Table 1. Summaries for the Formulation of PP/GNP Composites

Composition (wWt%)

PP PP-g-MAH CB P-GNP A-GNP

PP 100 0 0 0 0
PP/CB/PG 96
PP/CB/AG 96
PP, 97
PP,/CB/PG 93
PP./CB/AG 93

Sample

W W w o O

2 2 0
2 0 2
0 0 0
2 2 0
2 0 2
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Figure 2. DSC thermograms of PP/GNP composites: (a) heating;
(b) cooling.
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Figure 4. X-ray diffraction patterns of PP/GNP composites.
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Figure 5. Relative crystallinities of PP/GNP composites.
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Table 2. Crystallization Temperature, Crystallinity, Time to Reach
50% Relative Crystallinity of PP/GNP Composites

Time to reach 50%

Sample T.(C) T,(TC) Crys(t;limlty relative crystallinity
) (min)

PP 124.1 1643 39.6 0.59
PP/CB/PG 122.1 163.8 52.8 0.70
PP/CB/AG 1229 1643 513 0.79

PP, 121.3  163.3 46.4 0.65
PP/CB/PG 122.6 163.5 50.5 0.77
PP/CB/AG 126.8 165.6 54.4 0.97
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€ 1000+
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Figure 6. Young’s modulus of PP/GNP composites.

el AR ES H71ske] Figure 60 LFERARATE PP-g-
MAH7} 3&3HA| 2 A8 53| (PP/CB/PG)S] 735 1%
e Eo] %02 7hasled, o= PP-g-MAHS] 4] vt
FE A= ) 2 /i GNPeF 8-S 7 EA
ARS-E B9 (PP/CB/AG)®] 73-9- QI E<] PP-g-MAH
nA-g 53 FEo 2 At 434E Ui, o=
PPY] GNP2] E2H43} 7 E340] 7fiAl=le] GNP £4
o] RIFE Az sAlErt. wbA] PPeF GNP E313} Al GNP
Nz} A PP-g-MAHS] &3 AFgo] a2 Wos
VT RS} ofolxE FAYREE QIS AL
sk Axs Jefision, 372 749 PP= 38 MPa, PP-
g-MAHE 36 MPa, GNP E3H4|& 33-36 MPa 508 =
AEA, FA7 % A9 PPE 5.7 Jm, PP-g-MAHE 62 J/m,
GNP E-3A= 43-52 J/m 502 PPUjH] Egh)|e] EAJo]
tha AstEle A JERIARE A9E 882 Hss
Fo 7 JuEn, 7] PP AT Al fAlek AeS o
ERA AT

Zan, 4504 A25, 2026\

- Aaz

4 B

GNP7} PPoll 23312 w] GNP H4Hd 2 AR8-4 7)4lo]
4o, GNPL| H4H] 38 9l AeAZHA
§3le] GNPE 7&3sar, 1A ool tsl] 4<] 2
HEHS 23] Felalirh. PP/GNP B84 thal] 50% A
NAgsE TGAIZHS 0] 83l] GNP 43S
Hrrstnom, Agtoz JNEE A dagsis =g
AlZre] Z7Vehe AdEEE J1E GNP7F 2482 o #4k4
o] X M-S A5 /NF GNP} 383411 PP-
g-MAHZL SAlo -85 B9 749 AAsfew7t 7t
stom JuAAsks el Al7ke] Stehe e B
A=, ©= GNPE] #-4Hd =2} PPel GNPZH -84 S7H=
AKEe] 25 Wal7H sl AAsAEe] A=) WiEe =
A, oo} o] GNP 7§23} PP-g-MAH®] 5A] 28]
w2 484 i PP-g-MAH ©H= & A] PP/GNP £-g}
Ao A s E A BE AaE A AL I

g = ATk

==
X,

LMl o] =R B30 AR5} AR
PP 53y

i
POUNS
jin
<
ui

it
ki
o
ror

1. Ajorloo, M.; Fasihi, M.; Ohshima, M.; Taki, K. How are the
Thermal Properties of Polypropylene/graphene Nanoplatelet
Composites Affected by Polymer Chain Configuration and Size
of Nanofiller?. Mater. Des. 2019, 181, 108068.

2. Blurton, M. T.; Walker M.; Tang, F.; Ladislaus, P.; Raine T,
Volkan Degirmenci, V.; McNally, T. Silane Functionalization of
Graphene Nanoplatelets. Mater. Today Nano. 2024, 28, 100518.

3. Casamento, F.; Padovano, E.; Pappalardo, S.; Frache, A.; Badini,
C. Development of Polypropylene-based Composites Through
Fused Filament Fabrication: The Effect of Carbon-based Fillers.
Compos. - A: Appl. Sci. Manuf. 2023, 164, 107308.

4. Patti, A.; Russo, P.; Acierno, D.; Acierno, S. The Effect of Filler
Functionalization on Dispersion and Thermal Conductivity of
Polypropylene/multi Wall Carbon Nanotubes Composites. Compos.
B: Eng. 2016, 94, 350-359.

5. Mucha, M.; Marszatek, J.; Fidrych, A. Crystallization of Isotactic
Polypropylene Containing Carbon Black as a Filler. Polym. J.
2000, 41, 4137-4142.

6. Zhou, Z.; Wang, S.; Wang, Z.; Wang, X.; Wang, Z. Mechanical
Properties and Synergistic Mechanisms of Pillared Graphene
Reinforced Polymer Composites: A Molecular Dynamics Study.
Mater. Today Commun. 2025, 44, 112064.

7. Vuba, K. K; Etakula, N.; Uttaravalli, A. N. Preparation of Polypropylene
Co-polymer (PPCP) Based Composites with Improved Properties
in Presence of MWCNT and MAgPP Fillers. Mater. Today: Proc.



10.

11.

12.

13.

14.

15.

16.

Z2Z2F& /GNP B39 484

2023, 80, 1096-1100.

. Mangzetti, S.; Mariasiu, F. Electric Vehicle Battery Technologies:

From Present State to Future Systems, Renew. Sustain. Energy Rev.
2015, 51, 1004-1012.

. Martinez, P. A.; Victoria, J.; Torres, J.; Suarez, A.; Alcarria, A.;

Amaro, A.; Lopez-Rius, B. Analysis of EMI Shielding Effectiveness
for Plastic Fiber Composites in the 5G Sub-6 GHz Band, Proc.
IEEE Int. Joint EMC/SI/PI EMC Eur. Symp. 2021, 278-283.
Hu, S.; Wang, D.; Vecemik, J.; Kfemenakova, D.; Militky, J.
Electromagnetic Interference (EMI) Shielding and Thermal Management
of Sandwich-Structured Carbon Fiber-Reinforced Composite (CFRC)
for Electric Vehicle Battery Casings, Polymers 2024, 16, 2291.
Ahmadi-Moghadam, B.; Sharafimasooleh, M.; Shadlou, S.; Taheri,
F. Effect of Functionalization of Graphene Nanoplatelets on the
Mechanical Response of Graphene/Epoxy Composites, Mater.
Des. 2015, 66, 142-149.

Qin, W.; Vautard, F.; Drzal, L. T.; Yu, J. Mechanical and Electrical
Properties of Carbon Fiber Composites with Incorporation of
Graphene Nanoplatelets at the Fiber—-Matrix Interphase, Compos.
Part B Eng. 2015, 69, 335-341.

Yang, B.; Shi, Y.; Miao, J. B.; Xia, R.; Su, L. F.; Qian, J. S.; Liu,
J. W. Evaluation of Rheological and Thermal Properties of
Polyvinylidene Fluoride (PVDF)/Graphene Nanoplatelets (GNP)
Composites, Polym. Test. 2018, 67, 122-135.

Vuba, K. K.; Etakula, N.; Uttaravalli, A. N. Preparation of Polypropylene
Co-polymer (PPCP) Based Composites with Improved Properties
in Presence of MWCNT and MAgPP Fillers. Mater. Today: Proc.
2023, 80, 1096-1100.

Shi, Y.; Gui, Z.; Yu, B.; Richard, K. K. Y.; Wang, B.; Hu, Y. Graphite-
like Carbon Nitride and Functionalized Layered Double Hydroxide
Filled Polypropylene-grafted Maleic Anhydride Nanocomposites:
Comparison in Flame Retardancy, and Thermal, Mechanical and
UV-shielding Properties. Compos. B: Eng. 2015, 79, 277-284.
Wei, T.; Jin, K.; Torkelson, J. M. Isolating the Effect of Polymer-
grafted Nanoparticle Interactions with Matrix Polymer from Dispersion
on Composite Property Enhancement: The Example of Polypropylene/

o that FE3HA L GNP AL 3F

17.

18.

19.

20.

21.

22.

23.

24.

25.

273

halloysite Nanocomposites. Polym. J. 2019, 176, 38-50.

Zhang, G; Wang, F; Dai, J.; Huang, Z. Effect of Functionalization of
Graphene Nanoplatelets on the Mechanical and Thermal Properties of
Silicone Rubber Composites, Materials. 2016, 9, 92.

Kim, J.; Yoo, S. C.; Cha, J.; Ryu, H.; Hong, S. H. Separation of
Non-Covalently Functionalized Graphene Nanoplatelets via Salting-
Out Process, Compos. Res. 2019, 32, 134-140.

Kang, S.; Kim, Y. C. Effect of Carbon Filler Master Batch on the
Crystallization Behavior of Polyamide 6/Carbon Filler Composites,
Polym. Korea 2024, 48, 649-655.

Kong, X.; Liu, J.; Li, S.; Yu, M. APTES-Modified Graphene
Oxide Loaded with Cerium Dibutylphosphate as Two-Dimensional
Nanocomposites for Enhancing Corrosion Protection Properties,
Corros. Sci. 2023, 213, 110966.

Shin, K. M.; Kim, Y. C. Study on the Physical Properties of Nylon66/
Conductive Material (CM) Composites According to Master-Batch
and Composition of CM, Polym. Korea 2023, 47, 26-32.
Nujalee, D.; Srimoaon, P.; Supaphol, P;; Nithitanakul, M. Isothermal
Melt-crystallization and Melting Behavior for Three Linear Aromatic
Polyesters, Thermochim Acta 2004, 409, 63-77.

Sruthi, S.; Abhilash, R.; Tharun, K.; Krishna, P. G; Jayanarayanan, K.;
Rasana, N. Experimental and Theoretical Investigation on the
Non-isothermal Crystallization Kinetics of Polypropylene Reinforced
with Multiwalled Carbon Nanotubes. Mater. Today: Proc. 2020,
33, 2264-2273.

Xu, W,; Liang, G; Zhai, H.; Tang, S.; Hang, G; Pan, W. P. Preparation
and Crystallization Behaviour of PP/PP-g-MAH/Org-MMT
Nanocomposite. Eur. Polym. J. 2003, 39, 1467-1474.

Kim, J. S.; Kim, Y. C., Effect of Polypropylene Branching and
Maleic Anhydride Graft on CNF Dispersity of Polypropylene (PP)/
Cellulose Nanofiber (CNF) Composite, Polym. Korea 2020, 44,
861-867.

=

FFARATINE AANE = G )9 2]

Polym. Korea, Vol. 50, No. 2, 2026



