
Author’s Accepted Manuscript

Novel proton conducting membranes based on
cross-linked sulfonated polyphosphazenes and
poly(ether ether ketone)

Shuitao Gao, Hulin Xu, Tianwei Luo, Yingfang
Guo, Zhong Li, Amina Ouadah, Yanxia Zhang,
Zeyu Zhang, Changjin Zhu

PII: S0376-7388(16)32679-5
DOI: http://dx.doi.org/10.1016/j.memsci.2017.04.065
Reference: MEMSCI15229

To appear in: Journal of Membrane Science

Received date: 31 December 2016
Revised date: 24 April 2017
Accepted date: 29 April 2017

Cite this article as: Shuitao Gao, Hulin Xu, Tianwei Luo, Yingfang Guo, Zhong
Li, Amina Ouadah, Yanxia Zhang, Zeyu Zhang and Changjin Zhu, Novel proton
conducting membranes based on cross-linked sulfonated polyphosphazenes and
poly(ether ether ketone), Journal of Membrane Science,
http://dx.doi.org/10.1016/j.memsci.2017.04.065

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/memsci

http://www.elsevier.com/locate/memsci
http://dx.doi.org/10.1016/j.memsci.2017.04.065
http://dx.doi.org/10.1016/j.memsci.2017.04.065


1 
 

Novel proton conducting membranes based on cross-linked sulfonated 

polyphosphazenes and poly(ether ether ketone) 

Shuitao Gao
1, Hulin Xu

2, Tianwei Luo
1, Yingfang Guo

1, Zhong Li
1, Amina Ouadah

1, Yanxia 

Zhang
1, Zeyu Zhang

 1, Changjin Zhu
1
* 

1
 School of Chemistry and Chemical Engineering, Beijing Institute of Technology, Beijing 

100081, China 

2 
Beijing Qintian Science & Technology Development Co., Ltd., China 

*Corresponding author. Tel.: +86 1068918506. zcj@bit.edu.cn 

Abstract： 

Two series of membranes A and B were designed and prepared by the following 

synthesis protocols where the cross-linked membranes were composed of highly 

sulfonated poly(ether ether ketone) (SPEEK) as the acidic component and 

polyphosphazenes backbone as the basic component. Membrane A was synthesized 

based on the graft-onto reaction between brominated poly[(4-methoxyphenoxy)(4-

methylphenoxy)phosphazenes] (PMMP-Br) and SPEEK3 polymers, while 

membranes B were obtained by the reaction of bromomethyl groups of 

polyphosphazenes with triethylamine and simultaneously combined with various 

amounts of SPEEK3. All the membranes were characterized chemically, thermally, 

and mechanically by a set of technical means. Polyphosphazenes were found to 

constrain to a large extent the water uptake and swelling when blended with highly 

sulfonated PEEK providing sufficient mechanical strength without over-swelling. 

Specially, the advent of sulfonated single-walled carbon nanotubes (SCNT) in the 

membrane A led to the hybrid membrane A2:1-SCNT with favorable properties. It 

exhibited a satisfying proton conductivity of 0.132 Scm
−1

 at 80 °C and a very low 

methanol permeability of 2.16 × 10
−7

 cm
2
s

−1
, and retained considerable thermal 

stability as well as mechanical strength. Also, the fuel cell performance of A2:1-

SCNT at 25 °C was higher than that of recast membrane A2:1. 
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1. Introduction 

Among the several kinds of fuel cells, proton exchange membrane fuel cell 

(PEMFC) is the most mature electro-chemical system which converts chemical energy 

into electrical energy through electrochemical reactions rather than a combustion 
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