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The exceptional mechanical, thermal, and chemical properties of multi-walled
carbon nanotubes (MWCNTs) make them ideal candidates for advanced
materials. However, their potential is limited by strong van der Waals forces,
leading to tube bundling and poor interfacial bonding within polymer matrices.
This study explores surface engineering strategies to enhance the dispersion and
functionality of MWCNTs in nanocomposites.

A key focus of this study is on the use of gamma irradiation as a solvent-free
modification method. Structural analysis, including Raman spectroscopy, XRD,
and TEM, revealed that exposing MWCNTs to irradiation doses between 100 kGy
and 150 kGy in an O:-rich environment introduces critical surface defects and
functional groups, which lead to significant tube disentanglement without
compromising the fundamental tubular integrity [1]. These modifications are
essential for enhancing the compatibility of MWCNTs with both hydrophilic and
hydrophobic polymers.

The modified MWCNTs significantly enhanced the mechanical and thermal
properties of polymer systems. In a PMMA/PEG matrix, a nanobifiller composed of
amino-modified MWCNTs (PDA-CNT) and nanodiamonds (NDs) increased the
tensile strength from 21.79 MPa to 29.4 MPa and elastic modulus from 1083.84
MPa to 1419.41 MPa at 5 wt% loading [2]. Thermal stability (T10) also improved
from 390°C to 515°C [2]. In addition to structural reinforcement, surface-
engineered MWCNTs enable applications such as environmental remediation,
pesticide delivery, and swelling kinetics control [1-4]. Overall, the results
demonstrate that targeted surface engineering of MWCNTs is an effective route
toward high-performance multifunctional nanocomposites.

[1] S. Bibi, M. Nawaz, T. Yasin, and M. Riaz, J. Polym. Res. 23 (2016) 154.

[2] S. Jabeen, S. Gul, A. Kausar, B. Muhammad, M. Nawaz, K. M. Saud, and M.
Farooq, Polym.-Plast. Technol. Mater. 58 (2019) 1810.

[3]S. Bibi, T. Yasin, S. Hassan, M. Riaz, and M. Nawaz, Mater. Sci. Eng. C 46 (2015)
3509.

[3] A. Bibi, S. Rehman, R. Faiz, T. Akhtar, M. Nawaz, and S. Bibi, Mater. Res.
Express 6 (2019) 085065.


mailto:mohsannawaz@hu.edu.pk

