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Abstract
The purpose of this study is to develop ZTA-MgO-MWCNT cutting insert with enhanced properties and excellent tool
performance that is suitable for high-speed machining. The effects of MWCNT addition on the physical properties of ZTA-
MgO composites were investigated. The samples were fabricated using 80:20 composition (80 wt.% of Al2O3: 20 wt.% of
YSZ) with fixed amount of MgO at 1.1 wt.% and MWCNT ranging from (0.1 – 0.5 wt.%) as secondary additives. The CNT
was pre-treated in ethanol for 1 hour using an ultrasonic homogenizer before mixing and ball milled with Al2O3, YSZ and
MgO compositions for 24 hours. The mixture is then pressed at 100 MPa into round-shaped cutting inserts mold after being
dried at 100°C for 24 hours. The pressed samples were sintered at 1600 ºC for 4 hour soaking time. XRD, density, porosity
and shrinkage analysis performed on the samples. The XRD analyses indicate the presence of major phases were α-Al2O3,
ZrO2, Zr0.963Y0.037O1.982 and MgAl2O4. The effect of MWNT addition on density, porosity and shrinkage of ZTA-MgO
shows that density (4.210 g/cm3) and percentage of shrinkage (8.05%) obtained the highest value by 0.2 wt.% MWCNT
compared with samples without CNT additives which is only 4.020 g/cm3 and 7.05% respectively. High density value
indicates that the shrinkage percentage is also high, which corresponds to the densification of the composites. Poor
dispersion of MWCNT within the matrix is highly accounted for agglomeration around Al2O3 grain boundaries and
decreases in densification. © 2022 Trans Tech Publications Ltd, Switzerland.

Author Keywords
ceramic tool;  CNT;  nano;  toughening;  ZTA

Funding details
RMCG20-031-0031
Funding details
The author would like to acknowledge the financial support from IIUM RMC Grant – (RMCG20-031-0031) on this research
and International Islamic University Malaysia where this research has been conducted.

References
Ahmad, I., Islam, M., Dar, M.A., Xu, F., Shah, S.I., Zhu, Y.
Magnesia tuned multi-walled carbon nanotubes-reinforced alumina nanocomposites
(2015) Mater. Charact, 99, pp. 210-219. 

Thostenson, E.T., Ren, Z., Chou, T.
Advances in the science and technology of carbon nanotubes and their
composites: a review
(2001) Compos Sci. and Technol, 61, pp. 1899-1912. 

Purohit, R., Purohit, K., Rana, S., Rana, R.S., Patel, V.
Carbon nanotubes and their growth methods
(2014) Procedia Mater. Sci, 6, pp. 716-728. 

Akin, I., Goller, G.
Spark plasma sintering of zirconia-toughened alumina composites and ultrahigh
temperature ceramics reinforced with carbon nanotubes
(2015) Research and Innovation in Carbon Nanotube-Based Composites, pp. 85-101. 



3/6/24, 3:23 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1754187023&eid=2-s2.0-85127239753&sort=&clicked… 2/3

Priyadershini, S., Rahman, O.S.A., Pandey, K.K., Keshri, A.K.
Remarkable improvement in tribological behaviour of plasma sprayed carbon
nanotube and graphene nanoplatelates hybrid reinforced alumina nanocomposite
coating
(2018) Ceram. Int, pp. 0-1. 
A. K

Aguilar-Elguézabal, A., Bocanegra-Bernal, M.H.
Fracture behaviour of αAl2O3 ceramics reinforced with a mixture of single-wall and
multi-wall carbon nanotubes
(2014) Compos. B. Eng, 60, pp. 463-470. 

Silvestre, J., Silvestre, N., De Brito, J.
An overview on the improvement of mechanical properties of ceramics
nanocomposites
(2015) J. Nanomater, 2015, p. 106494. 

Ahmad, I., Zhu, Y.
Yytria-and magnesia-doped alumina ceramic reinforced with multi-walled carbon
nanotubes
(2016) Adv. Ceram. Mater, pp. 201-230. 

Sikder, P., Pramanick, A., Sarkar, S., Das, S., Dey, P.P., Das, P.K.
Indentation size effect and wear characteristics of spark plasma sintered, hard
MWCNT/Al2O3 nanocomposites
(2015) Adv. Appl. Ceram, 114 (8), pp. 448-455. 

Zharikov, E.V., Duong, T.T.T., Faikov, P.P., Popova, N.A., Sovyk, D.M.
Reinforcement of Al2O3 – MgO composite materials by multiwalled carbon
nanotubes
(2016) Inorg. Mater. Appl. Res, 7 (2), pp. 163-169. 

de, C.A., Couto, O., Ribeiro, S., Passador, F.R.
Effect of carbon nanotubes reinforcement on the mechanical properties of alumina
and ZTA composites for ballistic application
(2018) Cerâmica, 64 (372), pp. 608-615. 

Sharma, N., Alam, S.N., Ray, B.C., Yadav, S.
Alumina-MWCNT composites: Microstructural characterization and mechanical
properties
(2019) J. Asian Ceram. Soc, 7 (1), pp. 1-19. 

Singh, B.K., Ghosh, R., Mandal, N., Roy, S.S.
Evaluation of Mechanical and Metallurgical Properties of Multiwall CNT Reinforced
Zirconia Toughened Alumina Evaluation of Mechanical and Metallurgical Properties
of Multiwall CNT Reinforced Zirconia Toughened Alumina
(2018) Mach. Sci. Technol, pp. 1-15. 

Azhar, A.Z.A., Zulianey, N.A., Manshor, H., Yeo, W.S., Ali, A.M., Rejab, N.A., Ahmad, Z.A.
Effect of single walled carbon nanotube addition to the physical properties of
monolithic alumina
(2018) IJCRSET, 1, p. 585. 

Guo, C., Luo, X.
Mechanical and electrical properties of carbon nanotubereinforced Al2O3
nanocomposites
(2019) J. Mater. Sci, 55 (20). 

Meena, K.L., Karunakar, D.B.
Effect of ZrO2 and MgO added in alumina on the physical and mechanical



3/6/24, 3:23 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1754187023&eid=2-s2.0-85127239753&sort=&clicked… 3/3

properties of spark plasma sintered nanocomposite
(2019) Int. J. Refract. Hard. Met, 81, pp. 281-290. 

Correspondence Address
Nor 'Ezzati H.; Department of Manufacturing and Materials Engineering, Jalan Gombak, Malaysia; email:
ezzati.hamidon@gmail.com

Editors: Md Din M.F., Hashim F.R., Makmor N.F., Abdullah N.S., Wan Ali W.F.F., Rejab N.A., Sulaiman M.A.
Publisher: Trans Tech Publications Ltd

Conference name: 10th International Conference on X-Rays and Related Techniques in Research and Industry, ICXRI
2021
Conference date: 18 August 2021 through 19 August 2021
Conference code: 274539

ISSN: 10139826
ISBN: 9783035712742
CODEN: KEMAE
Language of Original Document: English
Abbreviated Source Title: Key Eng Mat
2-s2.0-85127239753
Document Type: Conference Paper
Publication Stage: Final
Source: Scopus

Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.


