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A B S T R A C T 
_______________________________________________________________ 

 
This study aims to explore the stability and performance of polydopamine (PDA) coated 

membranes, prepared by dipping a polybenzimidazole (PBI) support membrane into an 

aqueous dopamine solution in the presence of Tris(hydroxymethyl)aminomethane (Tris) 

at pH 8.5. Despite the mechanism of PDA formation is not well understood, this 

“polymer”, inspired by mussel’s bioadhesion, becomes very popular due to its 

multifunctionality, being a desirable coating for many substrates. In the development 

process, different methods were used and some parameters were changed like 

temperature, coating time and support thickness. The performance of PDA coated 

membranes was analyzed in a nanofiltration rig and the results were compared with the 

uncoated PBI membrane. The stability of the fabricated membranes was tested in two 

strong organic solvents, dimethyl sulfoxide (DMSO) and dimethylacetamide (DMAC). 

Two successful membranes were prepared, one with good stability in both solvents and 

another one with high rejection performance. FESEM images of these membranes 

(surface and cross section) showed that the stable membrane has PDA aggregates 

within its structure while the other one presents this aggregates on its surface.  The 

preparation and the conditions used are the basis of this difference. The PDA coated 

membranes appear to be a promising material for organic solvent nanofiltration 

processes, since PDA can self-polymerize and adhere firmly on a substrate. The 

challenge will be to find the appropriate method that combines both parameters wanted: 

stability and performance. Moreover, more investigation needs to be made on the effect 

of temperature, concentration, pH and coating time. 

_______________________________________________________________________________

1. Introduction 

 

The stability and longevity of materials is one of the 

major concerns in modern technology. From this 

perspective, surface modification methods are very 

important to protect the materials from external agents, 

control of their wettability, and also to confer them with 

new functionalities, for example, in the field of 

biomaterials [1, 2]. Most of the existing polymer materials 

exhibit good chemical and physical properties like 

mechanical strength, insulation performance, impact and 

corrosion resistance, and they are available in the 

market at low prices [3]. However, most of them are inert 

and have low surface energy, which is undesirable for 

some applications. Thus, there is an urgent need to 

develop universal coating technologies for 

functionalization of the surface of almost all classes of 

materials. The most common methods for surface 

modification are: electropolymerization, Langmuir-

Blodgett films, layer-by-layer deposition, self-assembled 

monolayers, plasma deposition, UV-induced grafting, 

and electron beam irradiation [1, 4]. All of these methods 

share a certain surface specificity and the performance 

of the adhesive bonding is highly dependent on the 

quality of the surfaces. Moreover, most of them are 

performed by multiple steps. 

Lee and colleagues invented the material-independent 

and multifunctional surface coating using a 

catecholamine called dopamine hydrochloride (DA-HCl) 
[5]. This small molecule is able to form a tightly 

polydopamine layer in aqueous solution, through self-

polymerization. This layer can adhere to almost all 

substrates and has good stability in many environments, 

except in strongly alkaline conditions (pH>13) [3]. The 

self-polymerization of its monomer and the strong 

adhesion onto surfaces make the polydopamine an 

interesting and versatile platform to act as the dense 

active layer in composite nanofiltration membranes for 

separation [6]. Due to the presence of catechol and 

quinone groups (capable to react with metal ions and 

molecules containing thiol or amine groups), the 

covalent and non-covalent bonding capabilities for a 

broad range of inorganic, organic and metallic 

substrates, polydopamine has many potential 

applications in the following fields: antibacterial, 

antifouling, antifungal, biosensor, cell culture, drug 

delivery and tissue engineering [7]. This versatility and 

broad range of applications is related to different forms 

of polydopamine films, particles and hollow capsules 

after reactions at the solid/liquid and liquid/liquid 

interfaces [8].  
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1.1. Dopamine: The Bioinspired Building Block 

 

Since the finding of catechol and amine derived 

materials that are responsible for the strong adhesion of 

mussels to solid surfaces under high shear stress, 

several studies have been reported. Most of these 

studies are related to surface functionalization, for 

example, to improve the stability and performance of 

composite nanofiltration membranes. The strong 

adhesion of mussels was the subject of a famous work 

done by Browns in 1952. After that, Waite and Tanzer 

found that mussel adhesive proteins (MAPs) present in 

byssal threads and plaques have many post-

translationally modified amino acids, which could be 

associated to the robust adhesion of mussels [9]. The 

location of MAPs in byssus of Mytilus edulis, known as 

blue mussel, is represented in figure 1. Biochemical 

analysis confirmed that 3,4-dihydroxy-L-phenylalanine 

(DOPA) is one of the modified amino acid acids present 

in MAPs, especially in Mytilus edulis foot protein 3 and 5 

(Mefp-3 and Mefp-5, respectively), both localized in the 

interface between the adhesion plaque and the 

substrate. 

 

 
Figure 1 – A: Mytilus edulis mussel; B: Biodistribution of 

mussel adhesive proteins. (Reprinted from ref. 10) 

 

These two foot proteins have the highest content of 

DOPA: 27 mol. % for Mefp-5 and 21 mol. % for Mefp-3 
[10]. According to the literature, not only the higher 

content of DOPA is related with the strong adhesion of 

mussels on surfaces. The presence of lysine in Mefp-5 

might play an important role in adhesive chemistry as 

the catechol groups in DOPA [9]. Lee et al. identified 

dopamine as a small catecholamine which contains both 

functionalities of DOPA and lysine and, therefore, 

mimics the strength afforded by Mefps in the adhesive 

plaque [10]. This molecule has a molecular weight of 153 

Da and contains catechol and amine moieties at each 

side, represented in figure 2. 

 

 
Figure 2 – Dopamine structure. 

Dopamine is considered a bioinspired building block for 

surface coatings, because it is capable to spontaneously 

self-polymerize and form a thin layer on almost any 

material surfaces, as described previously. This is the 

main reason for using this compound in surface science. 

Besides that, there are other advantages to use this 

small catecholamine for coating polymeric membranes: 

surface modification requires only a single step; high 

hydrophilicity of the coating; strong binding between the 

coating and the substrate; controllable thickness; 

covalent modification of the coating due to the presence 

of many functional groups. From this point of view, 

polydopamine coatings can be developed by 

understanding and mimicking the molecular mechanism 

beyond the strong and robust adhesion of mussels on 

surfaces.  

 

1.2. Polymerization Reaction 

 

The exact structure of polydopamine still remains 

unknown. One of the main reasons is due to its 

insolubility and heterogeneity. Recent studies reported 

that polydopamine is a supermolecular aggregate of 

oligomers rather than a polymeric structure. These 

oligomers are 5,6-dihydroxyindole (DHI), the building 

block of eumelanin [8]. In fact, the most reported 

mechanism for the polymerization of dopamine is the 

one that follows a process similar to the synthetic 

pathway of melanin in living organisms (polydopamine 

as a eumelanin-like material). 
 

Figure 3 - First steps of dopamine polymerization reaction. 

(Reprinted from ref. 11) 

 

Another assumption is the one that assumed the 

aggregation of monomers via strong noncovalent 

interactions as the route for the formation of 

polydopamine [12]. In this case, PDA particles are formed 

upon a monomer-polymer rather than a polymer-

polymer. Because dopamine has many polar groups 

(catechol groups, quinone groups and amine groups), 

the oligomers could form hydrogen bonds, and π-π 

interactions among the oligomers are possible due to 

their conjugated structure [6]. These strong noncovalent 

arrangements could explain the insolubility of 

polydopamine as well its stability as a surface coating. 

Nowadays, there is an assumption that polydopamine is 

formed by two different pathways, regarding the 

covalent polymerization and the non-covalent self-

assembly (figure 4) [13].  

According to figure 3, alkaline conditions stimulate the 

oxidation of dopamine (oxidation of catechol to quinone 

form): the increase of pH consumes the hydrogen  
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protons formed during the oxidation, and the equilibrium 

of the reaction shifts toward the product. In fact, the 

kinetics of the reaction is strongly pH-dependent, and, 

therefore the pH is used to manipulate the performance 

and the structure of polydopamine [14]. From previous 

studies, the best pH for the polymerization reaction is 

8.5 (weak alkaline condition), using a Tris buffer 

solution. The main drawbacks of the dopamine 

polymerization reaction are the incapability to control the 

start and the termination of the reaction process and its 

slow kinetics [15]. The use of different oxidants is one 

alternative to oxygen, and the alkaline condition is not a 

requirement, for example, using CuSO4, NaIO4, KClO3, 

(NH4)2S2O8, and some enzymes [16].  
     

1.3. PDA Coating 

The most used method for the preparation of 

polydopamine coatings on surfaces is the dip-coating 

technique. This method was developed and used for the 

first time by Lee et al. (2007) and consists in the 

immersion of a substrate in a aqueous dopamine 

solution, buffered to an alkaline pH (Tris buffer, pH 8.5) 
[5]. The polymerization reaction is coupled with a 

progressive darkness of the solution (colour change 

from colourless to dark brown) with time. This fact was 

chosen as a proof that PDA particles are formed in the 

solution since it is believed that polydopamine has 

similar properties than eumelanin, which makes 

polydopamine a dark insoluble material. Regarding the 

dip-coating method, there are three different processes: 

static, shake and stir [7]. The static process was 

described previously and the maximal time of reaction 

reported is 24 hours. The shake method was develop to 

overcome the roughness of the PDA film and consists in 

shaking the dopamine solution during the reaction time. 

The reported temperatures for this approach were room 

temperature and 30oC. The stir process is the most 

recent and was used to avoid the deposition of PDA 

particles in the solution. Vertical sample orientation has 

been reported as another way to avoid this deposition [7, 

17]. When dissolved oxygen is the oxidant agent in the 

reaction, the agitation of the solution has a major role, 

because the oxygen could slow down the polymerization 

process when it is at low concentration in the solution. 

Besides that, the high shear stress caused by agitation 

could lead to forces stronger than the adhesive force of 

the membrane [8]. 

Membranes coated with polydopamine increased their 

surface hydrophilicity, since their contact angle reported 

in the literature is 65o [18]. This fact is associated with the 

large amount of polar groups (hydroxyl and amine 

groups) in the PDA film and they could also be 

associated to the unfinished polymerization reaction [4].  

This parameter has an influence in the flux that passes 

across the membrane, since it was reported that 

hydrophobicity of the membrane top layer is responsible 

for the most flux decline [19]. 

Surface energy is an important parameter for surface 

properties, for example, wettability, adhesivity and 

biocompatibility. The membranes modified with PDA 

coating showed higher surface energy compared to the 

unmodified ones [3]. The increased in surface energy is 

associated with the polar component (stronger polar 

interactions) and, contrary to the film thickness, surface 

energy is dependent on the substrate, since the values 

for the surface energy were different for different coated 

membranes [14].  

 

2. Methodology 

 

Using a polybenzimidazole (PBI) membrane with a 

non-woven polypropylene (PP) backing material as 

support, this project wants to explore the use of 

fabricated lab scale membranes to be coated with 

polydopamine (PDA) instead of commercial membranes, 

reported previously. The thin film composite membranes 

were fabricated by dip-coating technique, using Tris as 

buffer. The reaction was catalysed by the oxygen 

present in the air or by adding sodium periodate (NaIO4) 

to the dopamine aqueous solution. The use of NaIO4 

was an alternative approach, already reported in the 

literature, to accelerate the polymerization reaction, 

reducing the coating time. Overall, the reaction was 

conducted with some variable conditions: temperature; 

concentration of the reagents; coating time; oxidant 

agent; PBI DOPE solution concentration. The 

morphology of the resulted membranes were analysed 

using FESEM. The performance of PDA membranes 

was characterized by using a nanofiltration rig and an 

HPLC. The stability of the fabricated membranes was 

tested in two strong organic solvents: DMAC and 

DMSO. 

 

 

 

 

Figure 4 – Two reactions pathways for the synthesis of 

polydopamine. (Reprinted from ref. 12) 
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3. Experiments 

 

3.1. Materials 

 

Dopamine hydrochloride (DA-HCl, 99%) and dimethyl 

sulfoxide (DMSO, 99%) were purchased from Alfa Aesar 

(Lancashire, England). Sodium periodate (NaIO4, ≥ 

99.8%) and N,N-Dimethyl-acetamide (DMAC, 99%) 

were purchased from Sigma-Aldrich (Dorset, England). 

Tris(hydroxymethyl)aminomethane (Tris Buffer, 99.8-

100%) was purchased from Acros Organics 

(Leicestershire, England). All solutions were prepared 

with Type II deionized water and the solvents were used 

as received. The non-woven polypropylene (PP) 

membrane novatexx 2471MI, 300 mm thickness, was 

purchased from Freudenberg Filtration Technologies 

(Germany). The PBI 26% DOPE solution was purchased 

from PBI Performance Products Inc. (Derby, England). 

 

3.2. PBI Membrane Fabrication 

 

The PBI membrane is a polymeric membrane and was 

prepared by phase-inversion technique, using a casting 

solution made of 26% PBI (26.2 wt%) and DMAC. In 

some experiments the concentration of the casting 

solution was changed to 15% or 20%, by dilution with 

the solvent (DMAC). It is important to notice that the 

preparation of the casting solution required prolonged 

stirring (70 rpm for at least 3 hours) due to the viscosity 

of the polymer. After stirring, the DOPE solution was left 

at room temperature to settling for at least 5 hours. The 

steps for PBI membrane fabrication are the following: 

I. DOPE solution preparation; 

II. Casting using the polypropylene (PP) material 

as support; 

III. Precipitation in a deionized water bath (20 L) 

for 15 minutes; 

IV. Immersion in a deionized water bath until use. 

For membrane casting, the equipment used were an 

automatic film applicator 4340 and a casting knife 3580, 

both purchased from elcometer® (figure 5). The casting 

is usually characterized by two parameters: knife speed 

and thickness. The last one is adjusted in the casting 

knife and defines the thickness of the fabricated 

membrane. The knife speed has a range of values 1-11. 

The higher the viscosity of the dope solution, the lower 

will be the knife speed. In the case of 26% PBI, the knife 

speed was adjusted to 1, while for 20% and 15% the 

knife speed was adjusted to 6 and 8, respectively. 

 

 

3.3. Membrane Coating 

 

The PDA coated membrane was prepared by the most 

used method reported in the literature: dip-coating in 

alkaline conditions (pH 8.5), using Tris as buffer and 

oxygen present in the air as the oxidant agent.  The use 

of NaIO4 was introduced as a consequence of its 

advantageous effects in the PDA formed films: stability 

increase of PDA active layer and more cohesiveness 

between the PDA film and the substrate [21]. Initially, this 

project used four different approaches of the same 

 
 

 

 

method to prepare the composite membrane: single dip-

coating, double dip-coating, swapping and phase 

inversion. In the double coating technique, the 

membrane was transferred for a new fresh dopamine 

solution after a certain time. In the swapping technique, 

the membrane was initially immersed in the dopamine 

solution without buffer and oxidant and then, after a 

certain time, the membrane was immersed in a Tris 

solution with NaIO4. In the phase inversion technique, 

the bath for the precipitation of the casting solution was 

the dopamine buffered solution with the oxidant. 

According to optimization studies reported before, the 

concentrations of dopamine monomer and Tris buffer for 

the highest relative mass yield of polydopamine are 1 

gL-1 and 3 gL-1, respectively [16]. These concentrations 

were used in the first experiments and for the sodium 

periodate was used a concentration of 0.005 gL-1.  

In the second set of experiments (table 2), the 

polymerization reaction was always performed with 

shaking (150 rpm) and, in some cases, at high 

temperature (60oC). Moreover, the concentration of the 

reactants was changed to the concentrations most used 

in the literature: 2 gL-1 for DA-HCl, 10 mM for Tris buffer 

and 5 mM for NaIO4. In all these experiments the 

membrane to be coated was PBI 20% (250 µm) with PP 

as supporting material. In these set of experiments the 

swapping techniques (Swapping II and Swapping III) 

were different compared to the previous one. In 

Swapping II, the membrane was initially immersed in a 

sodium periodate solution (5 mM) for a certain time and 

then immersed in a dopamine buffered solution. The 

Swapping III follows the same approach than Swapping 

II but in a reverse order.  

For the experiments at 60oC, the coating time is 

represented with one extra hour, which was spent to 

decrease the temperature of the reaction media to room 

temperature. The experiments were compared to a 

control membrane (RTI24), which is the PBI membrane 

without the PDA coating, with a permeation flux of 

173,864 L m-2 h-1. For the experiments carried out at 

60oC (RTI19 and RTI30), the membrane used as control 

was submitted to annealing with the same protocol used 

in those experiments: the PBI 20% (250 µm) membrane 

was immersed in a water bath for 1 hour at 60oC with 

shaking (150 rpm), plus 1 hour for decreasing the 

temperature. This control membrane corresponds to the 

experiment RTI33 and has a permeation flux of 137,755 

L m-2
 h-1. 

 

Figure 5 – Casting machine. 
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Table 1 – First experimental methods for the fabrication of PDA coated membranes. 

Membrane Technique Support 
Coating Time 

(days) 
Swapping Time 

(days) 

RTI4A Swapping PBI 20% (100 µm) 4 Variable 
RTI8 Dip-Coating PBI 26% (100 µm) 7 - 
RTI9 Double Dip-Coating PBI 26% (100 µm) 2 1 

RTI10 Double Dip-Coating PBI 26% (100 µm) 6 3 
RTI11 Dip-Coating PP 3 - 

RTI13A Dip-Coating PBI 15% (10 µm) 3 - 
RTI13B Double Dip-Coating PBI 15% (10 µm) 6 3 
RTI14 Phase Inversion PBI 26% (100 µm) 3 - 
RTI15 Phase Inversion with Stirring PBI 26% (100 µm) w/o PP 5 - 
RTI18 Dip-Coating w/o NaIO4 PBI 20% (250 µm) 1 - 

 

 
Table 2 – Second set of experiments for the fabrication of PDA coated membranes. 

Membrane Technique Temperature 
Coating Time in DA 

(hours) 
Coating Time in NaIO4 

(hours) 

RTI19 Dip-Coating w/o NaIO4 60oC 1+1 - 
RTI22 Swapping II Room T 24 4 
RTI23 Dip-Coating Room T 24 - 
RTI27 Swapping II Room T 72 121 
RTI29 Swapping III Room T 72 17.5 
RTI30 Dip-Coating 60oC 1+1 - 

RTI31 
Swapping III with Double 

Coating 
Room T 

49.5+48 
(double coating) 

6.5 

 

 

 

 

3.4. Membrane Characterization 

 
3.4.1. Nanofiltration Rig 

 
For performance characterization and screening, this 

project used a cross-flow mode nanofiltration rig, which 

is composed by two gear pumps GD-M35 from 

Micropump®, one HPLC pimp 305 Recon with a 100SC 

pump head, both from Gilson®.  The respective 

schematic diagram of the nanofiltration screening is 

represented in figure 6. The experiment was conducted 

at room temperature and the pressure was set up to 10, 

20 or 30 bar. The feed tank contained a solution with 

acetone and 6 solutes (markers), with different 

molecular weights, which are represented in table 3. 

This feed solution was pumped into the membrane cell 

through the gear pump with a flow rate in a range value 

of 0.855-1,938 L min-1. The membrane to be tested was 

inserted in a membrane cell with a surface area of 

0.00528 m2, but in some experiments, the membrane 

cell used had a surface area of 0.00196 m2.  The flow 

rate of the HPLC pump was set up in a range value of 

50-90 mL min-1. Before testing, the system was 

subjected to conditioning during 1 hour, just with 

acetone in the feed tank. It is important to notice that the 

concentration in the system needs to be constant. For 

that, the feed tank was covered with Parafilm to prevent 

solvent loss. For each experiment, two samples were 

taken, one after conditioning with the markers solution 

(at least 6 hours) and the other one in the next day 

morning. The values for rejection and permeation flux 

corresponded to the second sample, because this one 

has more reproducibility, since the values for standard 

deviation are lower compared to the first sample. 

 

Table 3 - Markers and respective molecular weights (MW) for  

the feed solution. 

Abbreviation Name MW (Da) Structure 

Tol Toluene 92,14 

 

DB Divnylbenzene 130,19 
 

DMP 

2,4-Diphenyl-

4-methyl-1-

pentene 

236,35 

 

CE 
Dibenzo-18-

crown-6 
360,40 

 

TT 
Trioctyl 

trimellitate 
546,78 

 

M1 Bisoctrizole 658,87 

 

 

 The conditioning of the membrane is very important to 

achieve a stable permeation flux and higher rejections, 

since the membrane suffers compaction during 

pressurization. 

 

Permeate 2

HPLC Pressurising Pump Inline Filter

Retentate

Cross-Flow Membrane Cross-Flow Membrane Recirculating Pump
Pressure Gauge

Feed Tank

Permeate 1

Permeate 2

HPLC Pressurising Pump Inline Filter

Retentate

Cross-Flow Membrane Cross-Flow Membrane Recirculating Pump
Pressure Gauge

Feed Tank

Permeate 1

 
 

Figure 6 – Schematic diagram of the nanofiltration screening. 
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3.4.2. High-Pressure Liquid Chromatography (HPLC) 

 

The samples collected from the nanofiltration rig 

(permeate and retentate) were analysed in a HPLC 

column ACE 5-C18-300 (250×4.6mm) and the rejections 

were calculated based in equation 1. The method used 

and the wavelengths for each marker are described in 

table 4 and 5, respectively. For each injection, it was 

used 10 m of the sample. 

 

 

𝑅 = 100 (1 −
𝐶𝑃
𝐶𝑅
) (1) 

 

where CP is the solute concentration in the permeate 

and CR is the solute concentration in the retentate. The 

area of the peaks for each solute is obtained and is 

inputted in this equation as a concentration value. 

 

 

 

Time  

(min) 

Flow Rate 

(mL min-1) 
%A %B 

Initial 1 53 47 

5 1 53 47 

25 1 98 2 

40 1 98 2 

42 1 53 47 

55 1 53 47 

 

 

 

 

Marker Wavelength (nm) 

CE 275 

Tol 250 

DB 

240 
DMP 

TT 

M1 

 

 

3.4.3. Dissolution Test 

 

The dissolution test was used to test the stability of the 

fabricated membranes and was performed in two 

different polar aprotic solvents: dimethyl sulfoxide 

(DMSO) and dimethylacetamide (DMAC). The use of 

these two solvents was related with the fact that the PBI 

membrane is resistant to most of all organic solvents, 

except to those two. The membranes were cut into a 

small piece and inserted inside a vial with the solvent. 

All the results from the stability test were obtained after 

24 hours of immersion in the organic solvents. 

 

 

 

 

 

 

4. Results and Discussion  

 

4.1. PDA Coated Membrane Fabrication and 

Characterization 

 

The membranes chosen to analyse the morphology 

and to do the comparison between them and the control 

membrane (PBI uncoated membrane) were RTI27 and 

RTI30 experiments. The choice was based in the fact 

that these were the best membranes prepared, one 

because of its stability in both organic solvents (DMAC 

and DMSO), RTI27, and the other one because of its 

rejection performance, RTI30. As expected, the results 

showed a change of colour from light brown to dark 

brown, which is associated to the formation of a PDA 

film on membrane surface (figure 7). 

 

4.1.1. Swapping II: RTI27 

 

This membrane was prepared by swapping II 

technique, in which the membrane is first immersed in a 

sodium periodate solution for a certain time and then 

swapped into a dopamine buffered solution. With this 

approach the oxidizing agent is incorporated inside the 

pores of the membrane prior to the polymerization 

reaction. With longer coating times in both solutions, this 

experiment tried to achieve good results in two 

characterization factors: stability and selectivity. 

 

 

 

 

 

The dissolution test showed very good results in both 

organic solvents. After one day, both solvents presented 

coloration, but the membrane still remained intact (figure 

8, A and B). This coloration could be related with the 

removal of residues from the membrane surface like 

PDA particles that were non-covalently attached to it. 

After 2 days, there was no coloration and the membrane 

was intact (figure 8, C and D). This proved that this 

membrane is stable in both DMAC and DMSO solvents. 

Regards to the rejection performance, this membrane 

showed poor results compared to the control membrane 

(figure 9). In fact, good membrane stability does not 

necessarily lead to a good membrane performance. 

Because the membrane is very stable and probably very 

compact, the permeation flux has a very low value of 

6,122 L m-2 h-1. 

 

 

Figure 7 – A) PBI uncoated membrane; B) PBI coated 

membrane (RTI27). 

Table 4 – Method used in the HPLC column. A: 90/10 MeOH/THF; 
B: Water type I. 

 

Table 5 – Solutes analysed in HPLC and respective wavelengths. 
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4.1.2. Dip-Coating at 60oC: RTI30 

 

In this experiment, PDA coated membrane was 

prepared by the rapidly-deposited method, which is 

performed at 60oC to accelerate the polymerization 

reaction and consequently the deposition of the 

polydopamine film. In terms of performance, this was the 

best membrane produced, with rejections higher than 

the control membrane and with values around 98% for 

the 2 markers with higher molecular weight (figure 10). 

Although high selectivity, this membrane showed poor 

stability in both organic solvents (figure 11). The 

permeation flux had a value of 38,636 L m-2 h-1. 

 

 

 

 

 

 

 

4.2. Membrane Morphology: FESEM 

 

Field Emission Scanning Electron Microscope 

(FESEM) images were taken with a FEI Quanta 200 

(E)SEM. The membrane samples were silver-sputtered 

to prevent charging. The results showed that the coating 

with polydopamine changes the structure and/or the 

surface of the PBI membrane.  

Based on figure 12, the PBI uncoated membrane is 

not homogeneous, presenting some irregularities, and 

the respective cross section area is constituted by 

macrovoids due to thickness of the membrane (250 µm) 

and the way that it was prepared (phase-inversion 

technique). Based on the figures 13 and 14, it is evident 

that the two PDA coated membranes have different 

aspects in terms of the PBI polymer structure and 

membrane surface. 

The membrane prepared by swapping II technique 

(RTI27) presents more changes in the polymer structure 

compare to the control membrane, while the membrane 

prepared by dip-coating at 60oC (RTI30) presents more 

changes on its surface. This difference is probably 

related with the fact that in RTI27 experiment the 

polymerization reaction starts within the pores of the 

membrane and that is why the structure is altered and 

compact. The opposite happens in the RTI30 

experiment, where the reaction starts on the surface of 

the membrane leading to the formation of many PDA 

particles that adhered to the surface.

 

 

 

 

 

D C B A

A B 

Figure 9 – Rejection performance comparison between RTI27 
coated membrane and the control membrane (PBI uncoated 
membrane). Pressure: 10 bar; HPLC pump flow rate: 90 mL 
min-1; Gear pump flow rate: 0.855 L min-1. 

 

Figure 8 – Dissolution test of RTI27 coated membrane: A) After 
1 day; B) Membrane surface after 1 day (Left: DMSO, Right: 
DMAC); C) After 2 days; D) Membrane surface after 2 days 
(Left: DMSO, Right: DMAC). 

 

Figure 10 – Rejection performance comparison between 
RTI30 coated membrane and the control membrane (PBI 
uncoated membrane). Pressure: 10 bar; HPLC pump flow rate: 
90 mL min-1; Gear pump flow rate: 0.855 L min-1. 

 

Figure 11 – Dissolution test of RTI30 coated 
membrane: A) After 1 day; B) Membrane surface 
after 1 day (Left: DMSO, Right: DMAC). 
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B) A) 

 

 

 

 

 

Figure 12 – FESEM image of the RTI24 membrane (PBI uncoated membrane): A) Surface; B) Cross section. 

 

A) B) 

Figure 13 – FESEM image of the RTI27 coated membrane: A) Surface; B) Cross section. 

 
B) A) 

Figure 14 – FESEM image of the RTI30 coated membrane: A) Surface; B) Cross section. 
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5. Conclusion and Future Work 

 
The aim of this project was to improve the 

performance and stability of a PBI membrane by coating 

with polydopamine. The different composite membranes 

produced showed that the coating with PDA was 

successful, corroborated by the colour changing from 

light brown to dark on the membrane surface and, later, 

by FESEM images of the coated membrane surface and 

cross section. The self-polymerization of dopamine and 

its adhesion to PBI membrane made significant changes 

in the supporting membrane, in terms of stability and 

performance (rejection and permeation flux). 

Based on performance results and dissolution test, two 

membranes were chosen as good candidates to be 

tested in FESEM due to their high performance (RTI30) 

and high stability (RTI27). Those images demonstrated 

that the preparation of the membrane is very important 

to achieve a specific goal. Moreover, a stable membrane 

is not always good in terms of rejection performance and 

permeation flux. For instance, the good stability of RTI27 

membrane was related with the structure of the 

membrane: the macrovoids of the PBI support 

membrane were filled with PDA particles, which gave 

stability to the composite membrane. On the other hand, 

the good rejection performance of RTI30 was related 

with the membrane surface that was altered by the PDA 

film, formed during the polymerization reaction of 

dopamine. Two conclusions can be drawn from these 

results: the stability of the membrane was improved 

because PDA aggregates were filled in the macrovoids 

of the membrane but, in this case, the performance was 

negatively affected probably due to the destruction of 

the active layer of the support membrane; the rejection 

performance was improved due to the formation of a 

PDA film on the membrane surface (probably the active 

layer of the membrane), but the stability remained the 

same since there was no alteration in the structure of 

the membrane (the macrovoids were unchanged). 

Based on permeation flux measurements, a tendency 

was revealed: compact and stable membranes presents 

lower permeation flux compared with loose membranes 

and those are not so stable. Moreover, the compaction 

and rigidity were greater in the membranes that were 

prepared with longer coating times. The permeation flux 

was also affected by the concentration of the PBI 

polymer, since the membranes with lower polymer 

concentration showed higher permeation fluxes (values 

in the order of hundreds) compared with the ones with 

higher concentration (values in the order of tens). 

According to this research project, the PDA coated 

membranes appear to be a promising material for 

organic solvent nanofiltration processes. The challenge 

will be to find the appropriate method that combines 

both parameters wanted: stability and performance. The 

ideally case will be the preparation of a PDA composite 

membrane with an active layer formed by PDA 

aggregates, without compromising the structure of the 

membrane. Following this line of thought, one of the 

future works that could be made is the implementation of 

the polymerization reaction in the casting of PBI 

membrane. Hence, the PDA particles will be formed 

already within the structure of the supporting membrane, 

not compromising its functionality.  

 
Besides this approach, it is important more research in 

order to improve the work carried out on this project: 

  

 Detail research on the effect of temperature, 

concentration, pH and coating time on 

polymerization reaction of dopamine; 

 Preparation of PDA coated membranes in different 

support materials; 

 Use of different oxidant agents and buffered 

solutions on  dopamine polymerization reaction 

and study their influence in the process; 

 Chemical analysis: ATR-FTIR and XPS; 

 Use DMAC and DMSO as organic solvents on the 

performance characterization analysis. 
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