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Abstract
Zeolitic imidazole framework-8 (ZIF-8) was synthesized and its structure was investigated by scanning electron microscopy 
(SEM), Fourier transform infrared spectroscopy (FTIR), and X-ray diffractometry methods. Poly(vinyl butyral) (PVB)/ZIF-8 
nanocomposite membranes as substrate were prepared with different percentages of ZIF-8 nanoparticles. Then, a thin layer 
of poly(vinyl alcohol) was created by coating method and cross-linked with glutaraldehyde (GA). As a result, thin-film 
nanocomposite (TFN) nanofiltration membranes were obtained. The TFN membranes were characterized by SEM, FTIR, 
atomic force microscopy, and contact angle measurement. The effects of incorporating ZIF-8 on membrane performance were 
investigated. As amount of ZIF-8 in the substrate was increased, water flux increased due to increasing porosity, and because 
of increasing hydrophilicity and negative charge of membrane surface fouling decreased. Thereby, the TFN membrane with 
ZIF-8 at 3% showed the highest water flux and the least fouling because of increasing porosity. As the concentration of PVA 
solution and GA was increased, the flux decreased and rejection increased. The PVB/(ZIF-8 3%) substrate membrane with 
PVA (1%) and GA (5%) cured at the temperature of 100 °C for 30 min resulted in the optimum balance of flux and rejection. 
For TFN membranes prepared under optimum conditions, the average rejection of Congo red dye was 98% and pure water 
flux was about 195 L/m2 h.
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Introduction

Membrane processes have a very high status in separation 
and extraction industries. In fact, the use of membranes in 
such processes such as separating, extracting, concentrating, 
and refining products is possible continuously and without 
the addition of additional material [1]. Membrane processes 
are currently being used in various industries, including its 
use in the food industry, medicine, water, and wastewater 
treatment [2]. The filtration processes with the driving force 

of differential pressure is divided into four types based on 
the molecular size dissolved in solution: reverse osmo-
sis, nanofiltration, ultrafiltration, and microfiltration [3, 
4]. Nanofiltration process is between the two processes of 
reverse osmosis and ultrafiltration from the practical point 
of view and the type of separation mechanism. The size of 
the particles separated by this type of membrane is in the 
range of 0.5–5 nm and the applied pressure is between 5 
and 10 bars [5–7].

In general, there are three methods for preparation of 
nanocomposite membrane including direct mixing, solvent 
treatment, and in situ polymerization [8]. According to the 
membrane structure and position of the nanoparticles, the 
thin-film nanocomposite (TFN) membrane is divided into 
four classes: (1) typical nanocomposite membrane—it is a 
type of nanocomposite membrane based on the dispersion 
of the nanoparticle before inversion, it is spread in a polymer 
solution and is made up of two types of hollow fibers and 
flat plate. This type of membrane due to the structure of its 

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s1372 6-019-00732 -4) contains 
supplementary material, which is available to authorized users.

 * Morteza Hajian
m.hajian@chem.ui.ac.ir

1 Faculty of Chemistry, Department of Polymer Chemistry, 
University of Isfahan, Isfahan 81746-73441, Iran

https://link.springer.com/article/10.1007/s13726-019-00732-4

http://crossmark.crossref.org/dialog/?doi=10.1007/s13726-019-00732-4&domain=pdf
https://doi.org/10.1007/s13726-019-00732-4



