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Introduction

Dual-layer hollow fiber membranes are consisted of a func-
tional outer layer and a porous matrix layer in which an 
extremely high-performance or functional membrane mate-
rial as the selective layer and a low-cost material as the sup-
porting layer are used [1–3]. Due to its high performance 
and low cost, it had been used for specific applications, 
including gas separation [1, 4], pervaporation [5], mem-
brane distillation [6, 7], forward osmosis [2, 3], nanofiltra-
tion [8] and ultrafiltration [9]. For all these dual-layer hol-
low fiber membranes, the matrix membrane was fabricated 
by nonsolvent-induced phase separation (NIPS) method 
which exhibited poor mechanical performance. Further-
more, the poor adhesion of the two layers was the major 
problem because of the different polymers in the functional 
and matrix layers [3].

However, a kind of dual-layer homogeneous-reinforced 
(HR) hollow fiber membrane could avoid these weak-
nesses. The HR hollow fiber membrane consists of the 
same polymer in two layers prepared by HR process, which 
the matrix membrane is fabricated by the melt-spinning 
cold-stretching (MSCS) or thermally induced phase separa-
tion (TIPS) method and the functional outer layer is fabri-
cated by the NIPS method. The structure of the membrane 
prepared by MSCS and TIPS methods was more compact 
than NIPS method which gave the HR membrane the excel-
lent mechanical property [10, 11].

The membrane prepared by NIPS method usually has a 
dense skin layer which gives HR membrane superior sepa-
ration performance. Owing to the presence of the same pol-
ymer in two layers in HR membrane, the adhesion of the 
functional outer layer to the matrix layer is better than that 
of two different polymers. Zhang et al. [12] prepared HR 
polyvinylidene fluoride (PVDF) hollow fiber membrane 
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