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Abstract 

In this study, the possibility of using an atomic force microscopy to analyse 
the surface structure of the polymeric nanofiltration membranes was 
investigated. Analysis of the obtained results allowed one to conclude that the 
size of the scanned surface directly affects the measurement result of both the 
average and root-mean-square roughness of tested membranes. Therefore, it is 
necessary to compare the results obtained for the same size of the scanned 
surface. 

Introduction 

Nanofiltration is a membrane pressure technique, which can be successfully 
applied for treatment of both surface water and ground water [1–4] and 
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separation of metal ions from industrial wastewaters [5–7]. However, still a 
major limitation on the widespread use of nanofiltration is a decrease in the 
efficiency of this process caused by fouling and/or scaling of membranes [8, 9]. 
These phenomena are primarily dependent on the properties of the nanofiltration 
membranes [10,11]. The main role played by the membranes charge, for which 
the presence of responsible functional groups present in their structure [12–14]. 
The charge of nanofiltration membranes is dependent on pH and the 
composition of the solution (mainly on the concentration and type of salt) [12–
17]. It can be changed under the influence of the conditions prevailing in the 
treated solutions [18, 19] and cleaning baths [20–22]. The type and charge 
density of the membrane is also an important factor in determining the fouling 
and/or scaling tendency of the membrane is the surface structure. In recent 
years, atomic force microscopy (AFM) [11, 23, 25] and scanning electron 
microscopy (SEM) [22, 23] became the most common methods used to analyse 
changes in the surface structure of the membrane. 

Atomic force microscopy (AFM) allows the determination of the average 
surface roughness, thereby determining the parameters such as the maximum 
and minimum value of the unevenness and the arithmetic mean deviation of the 
profile from the mean line or to determine roughness. The average roughness is 
determined based on the topographic image, which is a kind of map, where each 
point is assigned to a certain height. If all these values are averaged, it achieves 
an average height of the image. The difference between the average height of 
the image and the height at each point is a measure of the roughness of the 
surface [11, 23, 24]. 

Scanning electron microscopy (SEM) enables visual observation of surface 
and the structural changes of the analysed membrane samples. This technique 
gives the quantitative analysis on the investigated samples and a direct determi-
nation of details of the investigated objects [25–28]. 

The aim of the study was to analyse the surface structure of nanofiltration 
membranes using an atomic force microscopy (AFM). As part of the study,  
topographic images of nanofiltration membranes were made to determine the 
average roughness (R) and the root-mean-square (RMS) roughness. 

Experimental 

The AFM images of the tested membranes were performed with SollverBio 
Instruments NT-MDT. The cantilever was made out of Si with a spring of a 4.4 
N/m and a nominal tip apex radius of 10 nm. The membrane surfaces were 
analysed in a scan size of 2 µm x 2 µm and 5 µm x 5 µm. The average surfaces 
roughness (R) and the root-mean-squared roughness (RMS) of tested 
membranes were calculated with equations (1–3) from AFM images using Nova 
SPM software. 
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where N – number of data points in the surfaces, zi – height of each point in the 
scanning image, z – average height. 

 
Two kinds of commercial nanofiltration flat sheet membranes (under 

symbol DL and HL) provided by GE Osmonics were analysed by AFM. The 
tested nanofiltration membranes had an active layer made of the 
poly(piperazine-amide) on the polysulfone support [18, 19]. The detailed of 
tested membranes were presented in our previous work [29]. 

Results and discussion 

Performing measurements with an atomic force microscopy assigned 
topography of selected areas of the polymeric nanofiltration membranes. The 
AFM images of tested membranes for two different scanned areas are illustrated 
Fig. 1 and 2. The effect of the size of the scanned area of the membrane on the 
results of measurements of the average (R) and root-mean-square (RMS) 
roughness were analysed. The obtained results are summarized in Tables 1 
and 2. From these results, it appears that the scanned area plays a significant 
role. The expansion of the area scanned contributes to the greater roughness. 
The phenomenon of increasing roughness with increasing scan area can be 
related to the dependency of the roughness on the spatial wavelength of the 
scanned area or the frequency [11]. For a small surface area, only the roughness 
of the “higher” frequencies is measured. When a larger surface area is scanned, 
the roughness caused by additional lower frequencies also has to be taken into 
account. This results in a larger roughness value when a larger surface area is 
scanned. According to Boussu et al. [11] another explanation for the increasing 
roughness with increasing scan size may be the formation of a fractal structure 
on the membrane surface when polymers are assembled to nodules or aggregates 
of nodules. Therefore, when the scan size is changed, it is possible to get a 
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different surface topography, resulting in a different roughness. Therefore, it is 
crucial that the same scan size range is used when comparing the surface 
roughness for different samples. Similar results were obtained in the works 
[23, 24]. 

 
 

(a) 

 
  

 
(b) 

 
 
Fig. 1. AFM images of DL membrane for scan areas: 2 µm x 2 µm (a) and 5 µm x 5 µm (b) 
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(a) 

 
 
(b) 

 
 
Fig. 2. AFM images of HL membrane for scan areas: 2 µm x 2 µm (a) and 5 µm x 5 µm (b) 

 
 

Table 1. Average (R) and root-meat-square (RMS) roughness values for DL membranes for 
different scan areas (2 µm x 2 µm, 5 µm x 5 µm) 

 

Area 
R roughness 

nm 
RMS roughness 

nm 

2 µm x 2 µm 14.4 18.0 

5 µm x 5 µm 15.4 18.8 
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Table 2.  Average (R) and root-mean-square (RMS) roughness values for HL membranes for 
different scan areas (2 µm x 2 µm, 5 µm x 5 µm) 

 

Area 
R roughness 

nm 
RMS roughness 

nm 

2 µm x 2 µm 1.4 1.9 

5 µm x 5 µm 6.0 7.4 

 
 
It was also noted that the tested nanofiltration membranes produced 

a significantly different result of average and root-mean-square roughness. 
When analysing the scanned surface area, it was found that the HL membrane 
was characterized by a lower value of the average and root-mean-square 
roughness than was the DL membrane (Table 1 and 2). According to Boussu et 
al. [23], it is most likely caused by the construction of the top active layer. The 
top active layer of DL membrane consists of three sub-layers, while the HL 
membrane has a top active layer composed of two-sub layers [21, 30]. 
Additionally, according to Vrijenhoek et al. [8] and Nanda et al. [9], the 
membranes characterized by lower roughness of an active layer have less 
tendency to fouling and scaling. It is due to the fact that both the organic and 
inorganic particles favouring accumulation in the “valley” presented on the 
membrane surface is characterized by higher surface roughness [28, 31]. 

Conclusions 

Based on the obtained results, it was found that atomic force microscopy 
provides valuable information about the shape of the surface layer of polymeric 
nanofiltration membranes, and the results contribute to the selection of a 
suitable membrane for a particular application. 

References 

1. Ahmad A.L., Ooi B.S., Wahab Mohammad A., Choudhury J.P.: Develop-
ment of a highly hydrophilic nanofiltration membrane for desalination and 
water treatment. Desalination, 2004, 168, 215–221. 

2. Ghizellaoui S., Chibani A., Ghizellaoui S.: Use of nanofiltration for partial 
softening of very hard water. Desalination, 2005, 179, 315–322. 

3. Orecki A., Tomaszewska M., Karakulski K., Morawski A.W.: Surface wa-
ter treatment by the nanofiltration method. Desalination, 2004, 162, 47–54. 

4. Bellona C., Drewes J.E.: Viability of a low-pressure nanofilter in treating 
recycled water for water reuse applications: A pilot-scale study. Water Re-
search, 2007, 41, 3948–3958. 



3-2014 PROBLEMY  EKSPLOATACJI  –  MAINTENANCE  PROBLEMS 
 

23

5. Ku Y., Chen S., Wang W.: Effect of solution composition on the removal of 
copper ions by nanofiltration. Separation and Purification Technology, 
2005, 43, 135–142. 

6. Ortega L.M., Lebrun R., Blais J.F., Hausler R.: Removal of metal ions from 
an acidic leachate solution by nanofiltration membranes. Desalination, 
2008, 227, 204–216. 

7. Wang Z., Liu G., Fan Z., Yang X., Wang J., Wang S.: Experimental study 
on treatment of electroplating wastewater by nanofiltration. Journal of 
Membrane Science, 2007, 305, 185–195. 

8. Vrijenhoek E.M., Hong S., Elimelech M.: Influence of membrane surface 
properties on initial rate of colloidal fouling of reverse osmosis and 
nanofiltration membranes. Journal of Membrane Science, 2001, 188, 115–128. 

9. Nanda D., Tung K.L., Li Y.L., Lin N.J., Chuang C.J.: Effect of pH on 
membrane morphology, fouling potential, and filtration performance of 
nanofiltration membrane for water softening. Journal of Membrane Science, 
2010, 349, 411–420. 

10. Boussu K., Vandecasteele C., Van der Bruggen B.: Relation between mem-
brane characteristic and performance in nanofiltration. Journal of Mem-
brane Science, 2008, 310, 51–65. 

11. Boussu K., Van der Bruggen B., Volodin A., Snauwaert J., Van 
Haesendonck C., Vandecasteele C.: Roughness and hydrophobicity studies 
of nanofiltration membranes using different modes of AFM. Journal of 
Colloid and Interface Science, 2005, 286, 632–638. 

12. Tanninen J., Mänttäri M., Nyström M.: Effect of salt mixture concentration 
on fractionation with NF membranes. Journal of Membrane Science, 2006, 
283, 57–64. 

13. Sharna R.R., Chellam S.: Solute rejection by porous thin film composite 
nanofiltration membranes at high feed water recoveries. Journal of Colloid 
Interface Science, 2008, 328, 353–366. 

14. Childress A.E., Elimelech M.: Relating nanofiltration membrane perfor-
mance to membrane charge (electrokinetic) characteristic. Environmental 
Sciences and Technology, 2000, 34, 3710–3716. 

15. Afonso M.D., Hagmeyer G., Gimbel R.: Streaming potential measurements 
to assess the variation of nanofiltration membranes surface charge with 
theconcentration of salt solutions. Separation and Purification Technology, 
2001, 22–23, 529–541. 

16. Rice G., Barber A.R., O’Connor A.J., Pihlajamaki A., Nystrom M., 
Stevens G.W., Kentish S.E.: The influence of dairy salts on nanofiltration 
membrane charge. Journal of Food Engineering, 2011, 107, 164–172. 

17. Teixeira M.R., Rosa M.J., Nystrom M.: The role of membrane charge on 
nanofiltration performance. Journal of Membrane Science, 2005, 265,  
160–166. 



PROBLEMY  EKSPLOATACJI  –  MAINTENANCE  PROBLEMS 3-2014 
 

24

18. Religa P., Kowalik A., Gierycz P.: A new approach to chromium 
concentration from salt mixture solution using nanofiltration. Separation 
and Purification Technology, 2011, 82, 114–120. 

19. Religa P., Kowalik-Klimczak A., Gierycz P.: Study on the behavior of 
nanofiltration membranes using for chromium(III) recovery from salt 
mixture solution. Desalination, 2013, 315, 115–123. 

20. Lawrence N.D., Perera J.M., Iyer M., Hickey M.W., Stevens G.W.: The use 
of streaming potential measurements to study the fouling and cleaning of 
ultrafiltration membranes. Separation and Purification Technology, 2006, 
48, 106–112. 

21. Al-Amoudi A., Williams P., Mandale S., Lovitt R.W.: Cleaning results of 
new and fouled nanofiltration membrane characterized by zeta potential and 
permeability. Separation and Purification Technology, 2007, 54, 234–240. 

22. Sohrabi M.R., Madaeni S.S., Khosravi M., Ghaedi A.M.: Chemical 
cleaning of reverse osmosis and nanofiltration membranes fouled by 
licorice aqueous solutions. Desalination, 2011, 267, 93–100. 

23. Boussu K., Belpaire A., Volodin A., Van Haesendonck C., Van der Meeren 
P., Vandecasteele C., Van der Bruggen B.: Influence of membrane and col-
loid characteristics on fouling of nanofiltration membranes. Journal of 
Membrane Science, 2007, 289, 220–230. 

24. Carvalho A.L., Maugeri F., Silva V., Hernandez A., Palacio L., Pradanos 
P.: AFM analysis of the surface of nanoporous membranes: application to 
the nanofiltration of potassium clavulanate. Journal of Materials Science, 
2011, 46, 3356–3369. 

25. Nanda D., Tung K.L., Li Y.L., Lin N.J., Chuang C.J.: Effect of pH on 
membrane morphology, fouling potential, and filtration performance of 
nanofiltration membrane for water softening. Journal of Membrane Science, 
2010, 349, 411–420. 

26. Platt S., Nyström M., Bottino A., Capannelli G.: Stability of NF membranes 
under extreme acidic conditions. Journal of Membrane Science, 2004, 239, 
91–103. 

27. Tang C.Y., Kwon Y.-N., Leckie J.O.: Effect of membrane chemistry and 
coating layer on physicochemical properties of thin film composite polyam-
ide RO and NF membranes. I. FTIR and XPS characterization of polyamide 
and coating layer chemistry. Desalination, 2009, 242, 149–167. 

28. Jahanshahi M., Rahimpour A., Peyravi M.: Developing thin film composite 
poly(piperazine-amide) and poly(vinyl-alcohol) nanofiltration membranes. 
Desalination, 2010, 257, 129–136. 

29. Religa P., Kowalik A., Gierycz P.: Effect of membrane properties on 
chromium(III) recirculation from concentrate salt mixture solution by 
nanofiltration. Desalination, 2011, 274, 164–170. 



3-2014 PROBLEMY  EKSPLOATACJI  –  MAINTENANCE  PROBLEMS 
 

25

30. Tang C.Y., Kwon Y-N., Leckie J.: Probing the nano- and micro-scales of 
reverse osmosis membranes – A comprehensive characterization of physi-
cochemical properties of uncoated and coated membranes by XPS, TEM, 
ATR-FTIR, and streaming potential measurement. Journal of Membrane 
Science, 2007, 287, 146–156. 

31. Tang C.Y., Kwon Y-N., Leckie J.O.: Effect of membrane chemistry and 
coating layer on physicochemical properties of thin film composite 
polyamide RO and NF membranes. II. Membrane physicochemical 
properties and their dependence on polyamide and coating layers. 
Desalination, 2009, 242, 168–182. 
 
 

Ocena możliwości wykorzystania mikroskopu sił atomowych w badaniach 
powierzchni polimerowych membran nanofiltracyjnych 

Słowa kluczowe 

Mikroskopia sił atomowych, nanofiltracja, membrany polimerowe, 
chropowatość powierzchni. 

Streszczenie 

W pracy zbadano możliwość zastosowania mikroskopu sił atomowych do 
analizy struktury powierzchni polimerowych membran nanofiltracyjnych. Ana-
liza uzyskanych wyników pozwoliła na stwierdzenie, że wielkość skanowanej 
powierzchni bezpośrednio wpływa na wynik pomiaru zarówno chropowatości 
średniej arytmetycznej, jak i kwadratowej testowanych membran. Konieczne 
jest zatem porównywanie wyników uzyskanych dla takich samych wielkości 
skanowanej powierzchni. 
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