
Author’s Accepted Manuscript

Effect of warm rolling and annealing on the
mechanical properties of aluminum composite
reinforced with boron nitride nanotubes

Ankita Bisht, Vijayesh Kumar, Lu Hua Li, Ying
Chen, Arvind Agarwal, Debrupa Lahiri

PII: S0921-5093(17)31427-2
DOI: https://doi.org/10.1016/j.msea.2017.10.101
Reference: MSA35704

To appear in: Materials Science & Engineering A

Received date: 16 May 2017
Revised date: 27 October 2017
Accepted date: 28 October 2017

Cite this article as: Ankita Bisht, Vijayesh Kumar, Lu Hua Li, Ying Chen,
Arvind Agarwal and Debrupa Lahiri, Effect of warm rolling and annealing on the
mechanical properties of aluminum composite reinforced with boron nitride
n a n o t u b e s , Materials Science & Engineering A,
https://doi.org/10.1016/j.msea.2017.10.101

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/msea

http://www.elsevier.com/locate/msea
https://doi.org/10.1016/j.msea.2017.10.101
https://doi.org/10.1016/j.msea.2017.10.101


1 
 

Effect of warm rolling and annealing on the mechanical properties of 

aluminum composite reinforced with boron nitride nanotubes 

Ankita Bisht
a
, Vijayesh Kumar

b
, Lu Hua Li

c
, Ying Chen

c
, Arvind Agarwal

d*
and Debrupa 

Lahiri
a,b*

 

aBiomaterials and Multiscale Mechanics Lab, Department of Metallurgical and Materials Engineering, Indian 

Institute of Technology Roorkee, Uttarakhand 247667, India 

bCentre of Nanotechnology, Indian Institute of Technology Roorkee, Uttarakhand 247667, India 

cInstitute for Frontier Materials, Deakin University, Geelong Waurn Ponds Campus,VIC3216,Australia 

dPlasma Forming Lab, Mechanical and Materials Engineering, Florida InternationalUniversity,Miami,FL33174,USA 

*Corresponding author.  

E-mail address: agarwala@fiu.edu (A.  Agarwal). 

*Corresponding author. Tel.: +91-1332-28-5137. 

E-mail address: dlahifmt@iitr.ac.in (D. Lahiri). 

 

ABSTRACT 

The effect of rolling and annealing on boron nitride nanotube (BNNTs) reinforced aluminum- 

composites is investigated in this study. Composites were fabricated via conventional sintering 

method with 0, 2 & 5 wt% BNNT addition in aluminum matrix. Addition of 2 wt% BNNT 

improved hardness and elastic modulus by 23% and 18%, respectively. Rolling the same 

composite at 200⁰C with 60% reduction in single pass improved modulus and hardness of the 

composite by 60% and 31%, respectively, over Al. Addition of 5 wt% BNNT led to reduced 

properties due to agglomeration, which on rolling developed cracks. Annealing the rolled Al-

BNNT composite further led to an improvement in strength and ductility. Annealed Al-2BNNT 

showed highest improvement in strength of 41% and 110% over rolled and sintered condition, 

respectively. In addition, the same composition has recorded 157% improvement in toughness in 

annealed condition, as compared to rolled condition. Uniformly distributed BNNTs restricted 
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