
Accepted Manuscript

Nano-structured interpenetrating composites with enhanced Young’s modulus

and desired Poisson’s ratio

Hanxing Zhu, Tongxiang Fan, Chenghai Xu, Di Zhang

PII: S1359-835X(16)30333-5

DOI: http://dx.doi.org/10.1016/j.compositesa.2016.10.006

Reference: JCOMA 4443

To appear in: Composites: Part A

Received Date: 31 March 2016

Revised Date: 28 September 2016

Accepted Date: 1 October 2016

Please cite this article as: Zhu, H., Fan, T., Xu, C., Zhang, D., Nano-structured interpenetrating composites with

enhanced Young’s modulus and desired Poisson’s ratio, Composites: Part A (2016), doi: http://dx.doi.org/10.1016/

j.compositesa.2016.10.006

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 proof before it is published in its final 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.

http://dx.doi.org/10.1016/j.compositesa.2016.10.006
http://dx.doi.org/10.1016/j.compositesa.2016.10.006
http://dx.doi.org/10.1016/j.compositesa.2016.10.006


  

1 
 

Nano-structured interpenetrating composites with enhanced 

Young’s modulus and desired Poisson’s ratio 

Hanxing Zhu
 a,

, Tongxiang Fan
 b
 , Chenghai Xu

 c
 and Di Zhang

 b
 

a  
School of Engineering, Cardiff University, Cardiff, CF24 3AA, UK 

b  
State Key Lab of Metal Matrix Composites, Shanghai Jiaotong University, Shanghai, 

200240, China 
c  

Center for Composite Materials, Harbin Institute of Technology, Harbin, 150001, China  

 

Abstract 

   This paper has demonstrated that interpenetrating composites could be designed to not 

only have an significantly enhanced Young’s modulus, but also have a Poisson’s ratio at a 

desired value (e.g. positive, or negative, or zero).  It is found that when the effect of the 

Poisson’s ratio is absent, the Young’s modulus of interpenetrating composites is closer to the 

Hashin and Shtrikman’s upper limit than to their lower limit, and much larger than the 

simulation and experimentally measured results of the conventional isotropic particle or fibre 

composites. It is also illustrated that at the nanoscale, the interphase can either strengthen or 

weaken the stiffness, and the elastic properties of interpenetrating composites are 

size-dependent.       
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1. Introduction 

In nature, many living materials have an interpenetrating-phase structure, examples 

include fruits and vegetables which have a fibrous network embedded in a soft tissue.  In an 

interpenetrating composite, if one constituent phase is damaged or removed, the remaining 

phase is a completely interconnected network and still has a good capacity to enable the 

mechanical function.  Some people have produced interpenetrating composites and 
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