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Tannin-based thin-film composite membranes for solvent 

nanofiltration 

Liliana Pérez-Manríquez, Pradeep Neelakanda, Klaus-Viktor Peinemann* 

Advanced Membranes and Porous Materials Center, King Abdullah University of Science and 

Technology (KAUST), 23955-6900 Thuwal, Saudi Arabia 

 

The natural oligomer tannic acid was used as a reactant for an interfacial 

polymerisation on top of a crosslinked polyacrylonitrile (PAN) membrane. The PAN 

membrane was soaked with the aqueous tannic acid solution and contacted with a 

dilute solution of teraphtaloylchloride in hexane. Since both layers, the PAN support 

and the thin tannin-based layer, are highly crosslinked, the resulting thin film 

composite membrane is stable in harsh solvent environments such as N-Methyl-2-

pyrrolidone (NMP). NMP permeances of up to 0.09 L/m2 h bar with a molecular 

weight cut-off of approximately 800 g/mol were obtained. The exceptional stability 

in NMP and the incorporation of natural compounds like tannic acid for the 

manufacture of organic solvent nanofiltration membranes provides a cost-effective 

alternative for industrial separations due to the simplicity of the interfacial reaction 

and the replacement of the commonly applied toxic aromatic amines. The scale up of 

the manufacturing process is not difficult; the low price of the natural tannic acid is 

another advantage.  

 

Graphical Abstract  
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Keywords: solvent resistant nanofiltration; tannic acid; terephtaloyl chloride; 

interfacial polymerization; polyacrylonitrile.  

1. Introduction  

Nanofiltration is a well established technique for the separation of low molecular 

weight organic components from aqueous liquid streams. With the development of 

organic solvent stable membranes numerous new applications are emerging. 

Organic solvent nanofiltration (OSN) can replace distillation in many cases [1,2]. 

This technique has recently attracted a lot of attention due to its proposed simplicity 

and great energy efficiency as it is a pressure driven technology where the operation 

conditions are moderate and additional waste streams are minimized [3]. OSN is a 

simple filtration process without phase change and it is energy efficient, additional 

waste streams can be minimized [3]. An increasing number of industrial 

applications can be found in the literature ranging from petrochemistry [4], through 

manufacture of pharmaceuticals [5-8] to various catalytic processes [9-11].  
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One class of solvent resistant membranes are composite membranes manufactured 

by interfacial polymerization. A very thin polymerization layer is formed at the 

interface of a mesoporous ultrafiltration membrane by the interfacial reaction of 

two monomers, one dissolved in water and the other one in a hydrocarbon [12]. Due 

to the high water permeation combined with high rejection for bivalent salts these 

membranes are extensively used for aqueous systems, yet their applications 

towards organic solvents are quite restricted, due to the poor solvent stability of 

their common microporous supports used for their manufacture (e.g. polysulfone).  

Polyacrylonitrile (PAN) membranes are stable in mild solvent environments and  

they have low fouling capacity in aqueous filtrations because of their strong affinity 

for water [13]. PAN is a low-cost polymer and it is quite resistant to chlorine [14], 

yet it is unstable in certain classes of harsh solvents like N-methyl-2-pyrrolidone 

(NMP), which is a common solvents for this polymer.  

During the last years much work has been carried out on the development and 

improvement of membrane stability in harsh solvent environments via crosslinking 

of the polymer chains [15-18]. Excessive swelling is reduced and chemical and 

thermal stability is promoted by reducing the mobility of the polymer chains. Higher 

selectivity can be obtained [19-22]. Various procedures are found in the literature in 

order to manufacture solvent stable PAN membranes such as the crosslinking of 

PAN with a strong base and heating [23-25], PAN-co-polymers [26,27] and 

hydrolyzed-PAN [28].  

The use of pure polyacrylonitrile as a microporous support layer for making thin 

film composite membranes by interfacial polymerization has been previously 

reported. The membranes were tested with various solvents [29] but their 

application in aggressive solvents like NMP is not possible. 

A wide variety of monomers have been used for interfacial polymerization reactions 

to form thin films on porous supports for obtaining thin film composite 

nanofiltration membranes. Numerous monomers have been used for the 
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preparation of thin selective coatings (polyamides, polyesters, polyurea and others) 

on porous membranes [30]. We described recently the manufacturing of solvent-

resistant composite membranes by interfacial polymerization using dopamine as 

one of the reactants [31]. Inspired by the abundance of date fruits in the Kingdom of 

Saudi Arabia we chose tannic acid as monomer for membrane preparation. Tannic 

acid can be found at the early development stage of dates known as Kimri by their 

Arabic name. In this stage the date fruit has elevated levels of acidic substances and 

astringent tannins such as tannic acid [32]. Therefore we decided to choose tannic 

acid  (TA) as reactant for the interfacial polymerization in the aqueous phase and 

terephthaloyl chloride (TPC) for the organic phase to form our thin film on top of 

our previously reported crosslinked PAN support [33].  

The use of tannic acid as monomer for the manufacturing of nanofiltration 

membranes was pioneered by Zhang et al. [34]. They used trimesoylchloride as 

second monomer and applied polyethersulfone as support. A membrane with good 

potential for waste water treatment was obtained. Here, we report the application of 

tannic acid/terephtaloyl chloride for the manufacturing of an ultra smooth thin film 

composite membrane (~2.6 nm rms roughness) for solvent resistant nanofiltration 

applications. A cross-linked PAN membrane served as support and the interfacial 

polymerization was optimized, obtaining excellent permeation and rejection 

performance in NMP. The incorporation of natural compounds like tannic acid for 

the manufacture of nanofiltration membranes provides a cost-effective alternative 

for industrial separations due to the simple preparation procedure.  

2. Experimental  

2.1. Materials  

Polyacronitrile polymer with molecular weight of approximately 200,000 g/mol 

was supplied by Kelheim Fibers GmbH, Germany. Brilliant Blue R250 was acquired 

from Fisher Bio Reagents. N,N-dimethylformamide, N-Methyl-2-pyrrolidone, 

hydrazine hydrate, cyclohexane, terephtaloyl chloride, tannic acid, Rose Bengal dye 
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(purity 90%), Congo red dye, sodium dihydrogen phosphate (purity 99%) and 

disodium hydrogen phosphate (purity 98.5%) were all acquired from Sigma-

Aldrich; polypropylene nonwoven material was acquired from Sojitz Europe, 

Germany. 

2.2. Fabrication of polyacrylonitrile  microporous support membranes  

Water induced phase separation was used to fabricate the polyacrylonitrile  

microporous support membranes. The PAN powder was dissolved in DMF under 

stiring at 70 °C to obtain a 12 wt.% solution. The clear PAN solution was set aside 

for about 12 hours to remove gas bubbles and was then cast on a polypropylene 

nonwoven using a continuously operating casting machine. Knife air gap was 

adjusted at 150 µm, the casting speed was 2 m min−1. The coagulation bath was tap 

water at room temperature [35]. After precipitation and washing the membranes  

were annealed for 45 min in a hot water bath at 90 °C.   

Finally the wet membranes were cross-linked by immersing them for 6 h in a 20% 

(v/v) aqueous solution of hydrazine hydrate in deionized water at 85 °C, these were 

the optimum conditions previously reported [31] in order to produce solvent-stable 

membranes with good mechanical stability. The obtained ultrafiltration membranes 

were stable in DMF and NMP. The NMP permeance of the crosslinked PAN 

membranes is higher than 100 L/m2 h bar and the main pore size is between 30 and 

50 nm [31].  The crosslinked membranes were carefully washed to remove excess 

hydrazine. They were stored in DI water till further use. 

2.2.1. Composite membrane manufacturing by interfacial polymerisation 

Composite membranes were manufactured by interfacial polymerization using 

tannic acid (TA) in phosphate buffer pH 7 as the aqueous phase and terephtaloyl 

chloride (TPC) in cyclohexane as the organic phase (Fig. 1).  The wet cross-linked 

PAN membranes were soaked with a dilute aqueous solution of tannic acid (0.1 

wt.%) for 10 min. After removal from this bath excess solution was removed from 

the surface by placing the membrane between 2 filter papers  and gently rolling a 
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rubber roller over the back side of the membrane. The tannic acid treated 

membrane was then mounted into a Teflon frame (Fig. 1). The membrane surface 

was then contacted with a solution of TPC in cyclohexane (0.1 wt%) for 3 min. Then 

the TPC/cyclohexane solution was drained, the Teflon frames were removed and 

the membrane was hanged with metal clips until dried at room temperature. The 

coated membranes were stored in water before performing filtration experiments. 

 

Figure 1. Digital images of the fabrication by interfacial polymerization of tannic acid / 

terephthaloyl chloride thin-film composite membranes. 

2.3. Membrane characterisation 

2.3.1. Fourier transform infrared spectroscopy (FTIR) 

The membrane surface was examined by Fourier transform infrared (FTIR) 

analysis, spectra were taken on a FTIR spectrometer model Nicolet iS10 in the range 

of 3700–900 cm−1. All membrane samples were dried at 80 °C in a laboratory oven 

prior analysis.  
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2.3.2. Scanning electron microscopy (SEM)  

The membrane surface and cross-section were imaged by using a FEI Magellan 

XHRSEM microscope with a voltage of 1 kV. In order to analyze the morphology of 

the membranes, samples were fractured in liquid nitrogen in order to obtain a sharp 

and well defined cross-section, samples were then mounted on aluminum stubs. The 

samples were sputtered with a 2 nm thin iridium layer to avoid electrostatic 

charges. 

2.3.3. Atomic force microscopy (AFM) 

The roughness of membranes was estimated using atomic force microscopy (AFM, 

Agilent 5500 SPM) from the images of 2 × 2 micrometer area.  The equipment was 

operated under air atmosphere in acoustic AC mode. 

2.3.4. Membrane performance 

A dead-end stirred stainless steel cell was used for the filtration experiments. The 

applied pressure was 20 bar, filtration was performed at 23 °C with a membrane 

area of 12.6 cm2.  Samples of permeate and retentate were taken after reaching a 

steady state flux.  All dye solutions used for this study were prepared at a 

concentration of 35 μmol/L in NMP to determine the molecular weight cut-off of the 

membranes. Each of the permeation experiments took approximately 10 hours due 

to the amount of dye/solvent mixture used and the relatively low permeance. For 

the permeation experiments 50ml of feed solution was poured into a stainless 

filtration cell, which contained one of the dyes mentioned above. The first 10 ml of 

permeate were discarded in order to reach a steady state permeance value and 

samples of 3 ml were collected by triplicate. For the dye rejection testing we started 

with the highest MW dye and we finished with the one with the lowest MW. For 

each dye/solvent solution permeance and rejection tests 3 different membranes 

were used. 

Retentate and permeate concentrations were then used to calculate the dye 
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rejection using the equation: 

Rejection (%)-
  

  
) x 100 

Cr and Cp are the solute concentrations of retentate and permeate, respectively. A 

UV VIS/near IR (Perkin Elmer Lambda 1050) spectrophotometer was used to 

determine the dye concentration using dye’s different wavelengths shown in Table 

1.  

3. Results and discussion  

3.1 . Stability in NMP 

Non-crosslinked and crosslinked PAN membranes were immersed for a prolonged 

period of time in NMP. The non-crosslinked polyacrylonitrile membranes rapidly 

dissolved in NMP. This was no surprise given the fact that polyacrylonytrile is 

known to be soluble in NMP. However, the crosslinked PAN membranes did not 

change in NMP even after 3 months storage time; they still showed the same shiny 

appearance characteristic of a PAN membrane. 

3.2. Fourier transform infrared spectroscopy (FTIR) 

The membrane analysis via FTIR corroborate that the interfacial polymerization 

reaction between tannic acid and terephtaloyl chloride on the cross-linked PAN 

support was successfully performed. Figure 2 shows clearly that besides the 

characteristic bands of the crosslinked PAN substrate (red spectrum) the composite 

membranes has characteristic additional peaks. The peak at 1750 cm−1 in the blue 

spectrum corresponds to ester groups (C=O). The ester groups from the tannic acid 

reactant and the polyester formed during the interfacial polymerization contribute 

to this peak. Also the multiple peaks found in the region 1000-1300 cm−1 are 

characteristic for the C-O group found in the ester. The peak at 1400 cm−1 indicates 

the presence of aromatic C=C groups which are not found in the cross-linked PAN 

membrane. The elongated peak at 1680 cm−1 is also an indication for a higher 

amount of C=C groups present in the composite membrane due to the interfacial 
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polymerization reaction. At last, the strong broad band in the 3200-3600 cm−1 

region indicates the presence of OH groups from the tannic acid. It is important to 

mention again that these membranes were dried in a laboratory oven for 24 h at 80 

°C prior analysis to avoid any water residues in the samples. 

 

 

Figure 2. FTIR spectra of the crosslinked PAN membrane (CL PAN) and the 

composite membrane with tannic acid and terephthaloyl chloride (TA TPC 0.1wt%). 

3.3. Scanning electron microscopy (SEM) 

The membrane surfaces (crosslinked PAN and thin-film composite membrane) were 

observed by SEM.  Fig. 3A and B show the crosslinked PAN membrane surface, 

where many pores are clearly visible. Fig. 3C and D show the interfacially 

polymerized layer on top of the crosslinked polyacrylonitrile support; a thin dense 

layer is observed and the surface porosity is clearly reduced. 
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Figure 3. Surface and cross-section of the cross-linked PAN (A and B) and tannic 

acid/TPC over cross-linked PAN (C and D). 

3.4. Atomic Force microscopy (AFM) 

The surface roughness (rms) of the crosslinked PAN membrane and the tannic 

acid/TPC thin film composite membrane was estimated by Atomic force microscopy 

2D/3D analysis to be 5.81 nm for the crosslinked PAN membrane (Figures 4 A,B) 

and 2.61 nm for the TA/TPC thin-film composite membrane (Figures 4 C,D). If we 

compare these results with traditional nanofiltration membranes made from 

metaphenylene diamine/trimesoylchloride (MPD/TMC), which rms = 55.61 nm 

[36],  piperazine/trimesoylchloride (PIP/TMC) with a rms = 38.29 nm, these 

membranes show a much higher surface roughness. The also traditional IP system 

of diaminopiperazine/trimesoylchloride (DAP/TMC) with a reported value of rms = 
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1.70 nm) [37] shows a much more smooth surface similar to our tannic acid based 

layer which is quite thin and smooth. This analysis also demonstrates once more 

how the porosity of the membrane is reduced due to the IP reaction as shown in Fig. 

4A where the cross-linked PAN membranes exhibits a really porous surface, 

contrasting with Fig. 4C where we can barely see the pores of the membrane.  

 

Figure 4.AFM (2 µm × 2 µm) 2D/3D images of CL PAN membrane (A,B) and TA/TPC 
thin-film composite membrane (C,D).   
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3.5. Membrane permeance and rejection performance 

Table 1 Permeance and rejection values of tannic acid/TPC thin film composite membranes 

tested with different molecular weight dyes in NMP.  

 

Solutes 

Permeance in NMP 

(L/m2 h bar) 

 

Rejection (%) 

Rose BengalMw: 1017.64 
g/mol 

Absorbance taken at 563 
nm 

 

0.08 

 

93 

Brilliant Blue R250 

Mw: 825.97 g/mol 

Absorbance taken at 592 
nm 

 

0.08 

 

95 

Congo Red 

Mw: 696.66 g/mol 

Absorbance taken at 534 
nm 

 

0.09 

 

88 

 

There are few papers in the literature reporting NMP fluxes and rejection of 

nanofiltration membranes. Vanherck et al. [18] reported a new diamine crosslinking 

method that resulted in membranes with an NMP permeance of 0.2 L/m2 h bar and 

a Rose Bengal (1017.64 g/mol) rejection of 98%. A similar performance of 0.2 

L/m2hbar and a Remazol Brilliant Blue R (626 g/mol) rejection of 94% was 

reported in a recent paper by Volkov et al. [38] Our membranes have a similar 

molecular cut off by showing a 95% rejection of Brilliant Blue dye (Mw: 825.97 

g/mol) with a lower permeance of 0.08 L/m2 h bar. This is still a competitive 
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performance compared to the other two reported membranes resistant to NMP.  It 

is also important to mention that we found a significantly small standard deviation 

in permeance (σ = 0.009), when we compared the 9 different membranes tested, 3 

membranes per solvent/dye mixture. The most likely reason for this small flux 

variation is the high reproducibility of the hand-made interfacial polymerization 

due to the high reactivity of the tannic acid with the terephtaloyl chloride producing 

a smooth and even thin layer on top of the crosslinked PAN support. 

Fontananova et al. [39] reported a copolyimide membrane with an NMP permeance 

of 0.1 L/m2 h bar with  a rejection of 62% for Solvent Blue 35 dye (Mw: 350 g/mol) 

and Dutczak et al. [40] reported a polyamide-imide membrane with an NMP 

permeance of 0.06 L/m2 h bar and a rejection of 93% of polystyrene (Mw: 500 

g/mol).  A drawback of this last work is that in order to make this solvent resistant 

membranes, these are left with the crosslinking agent and a mixture of catalyst for 

13 days at 50°C. Taking into account previously published work we conclude that 

our membranes made with the natural substance tannic acid as one building block is 

competitive for organic solvent nanofiltration with a facile method of fabrication. It 

is important to mention that prior to the interfacial polymerization reaction, the 

crosslinked PAN membranes showed an average NMP permeance of 115 L/m2 h bar 

and a low rejection for dyes in the feed mixtures mentioned before, by having an 

extreme reduction in flux and a rejection of above 90% of the dyes/solvent mixtures 

it is another indicator of a successful thin film layer formation on top of the 

crosslinked PAN support by being able to reject molecules of approximately 800 

g/mol. 

4. Conclusion  

We demonstrated that the natural compound tannic acid is an effective building 

block for the manufacturing of nanofiltration membranes, which can withstand 

harsh organic solvents like NMP. The composite membranes were prepared by 

interfacial polymerization on the surface of cross-linked PAN ultrafiltration 

membranes. The resulting composite membrane showed NMP permeances up to 
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0.09 L/m2 h bar with a molecular weight cut-off of approximately 800 g/mol 

(determined with dyes of different molecular weights). These are the first reported 

tannic acid modified PAN membranes resistant to NMP with a competitive 

performance for organic solvent nanofiltration. Future modifications of the 

preparation steps should try to increase the membrane’s permeance. Tannic acid is 

a green alternative for the frequently used toxic aromatic diamines in the interfacial 

polymerization process. Other natural occurring polyphenols will be tested in future 

experiments for the preparation of solvent resistant nanofiltration membranes. 
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Highlights 
 Tannic acid was used as an effective building block for solvent-resistant 

membranes. 

 NMP resistant membranes with a molecular weight cut-off below 800 g/mol 
were manufactured. 

  Cross-linked PAN was applied as support membrane.  

 

 




