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Abstract

In this study, the possibility of using an atomicde microscopy to analyse
the surface structure of the polymeric nanofilbati membranes was
investigated. Analysis of the obtained resultsvedld one to conclude that the
size of the scanned surface directly affects thasmement result of both the
average and root-mean-square roughness of testatbnanees. Therefore, it is
necessary to compare the results obtained for @hnge ssize of the scanned
surface.

Introduction

Nanofiltration is a membrane pressure techniquéghwban be successfully
applied for treatment of both surface water andugdo water [1-4] and
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separation of metal ions from industrial wastewatg—7]. However, still a
major limitation on the widespread use of nanddtiobn is a decrease in the
efficiency of this process caused by fouling andfaling of membranes [8, 9].
These phenomena are primarily dependent on thesifep of the nanofiltration
membranes [10,11]. The main role played by the man#s charge, for which
the presence of responsible functional groups ptésgheir structure [12—14].
The charge of nanofiltration membranes is dependemt pH and the
composition of the solution (mainly on the concatian and type of salt) [12—
17]. It can be changed under the influence of threditions prevailing in the
treated solutions [18, 19] and cleaning baths [2)—Zhe type and charge
density of the membrane is also an important faictatetermining the fouling
and/or scaling tendency of the membrane is theasarstructure. In recent
years, atomic force microscopy (AFM) [11, 23, 25]dascanning electron
microscopy (SEM) [22, 23] became the most commothads used to analyse
changes in the surface structure of the membrane.

Atomic force microscopy (AFM) allows the determioat of the average
surface roughness, thereby determining the parasnsteeh as the maximum
and minimum value of the unevenness and the arttbmmezan deviation of the
profile from the mean line or to determine rouglméhe average roughness is
determined based on the topographic image, whiahkiad of map, where each
point is assigned to a certain height. If all theakies are averaged, it achieves
an average height of the image. The difference datmthe average height of
the image and the height at each point is a measutee roughness of the
surface [11, 23, 24].

Scanning electron microscopy (SEM) enables visbakovation of surface
and the structural changes of the analysed memtzamgles. This technique
gives the quantitative analysis on the investigatuples and a direct determi-
nation of details of the investigated objects [28}-2

The aim of the study was to analyse the surfacetstre of nanofiltration
membranes using an atomic force microscopy (AFAB.part of the study,
topographic images of nandfiltration membranes weegle to determine the
average roughness (R) and the root-mean-square Y RiM§hness.

Experimental

The AFM images of the tested membranes were peemvith SollverBio
Instruments NT-MDT. The cantilever was made ou$bWith a spring of a 4.4
N/m and a nominal tip apex radius of 10 nm. The trame surfaces were
analysed in a scan size of 2 um x 2 um and 5 pmm5The average surfaces
roughness (R) and the root-mean-squared roughnB$4S) of tested
membranes were calculated with equations (1-3) #éi images using Nova
SPM software.
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where N — number of data points in the surfaces,height of each point in the
scanning image, z — average height.

Two kinds of commercial nandfiltration flat sheetemmbranes (under
symbol DL and HL) provided by GE Osmonics were gsadl by AFM. The
tested nanofiltration membranes had an active layeade of the
poly(piperazine-amide) on the polysulfone suppd®,[19]. The detailed of
tested membranes were presented in our previous[28y.

Results and discussion

Performing measurements with an atomic force me@opg assigned
topography of selected areas of the polymeric rniradfon membranes. The
AFM images of tested membranes for two differeainsed areas are illustrated
Fig. 1 and 2. The effect of the size of the scarared of the membrane on the
results of measurements of the average (R) andmmeanh-square (RMS)
roughness were analysed. The obtained results tanenarized in Tables 1
and 2. From these results, it appears that thensdaarea plays a significant
role. The expansion of the area scanned contriliotékse greater roughness.
The phenomenon of increasing roughness with incrgascan area can be
related to the dependency of the roughness onghgak wavelength of the
scanned area or the frequency [11]. For a smathsairarea, only the roughness
of the “higher” frequencies is measured. When gdasurface area is scanned,
the roughness caused by additional lower frequeraligo has to be taken into
account. This results in a larger roughness valoerma larger surface area is
scanned. According to Boussu et al. [11] anothetamation for the increasing
roughness with increasing scan size may be theafitom of a fractal structure
on the membrane surface when polymers are assembtediules or aggregates
of nodules. Therefore, when the scan size is clignigjgés possible to get a
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different surface topography, resulting in a diéier roughness. Therefore, it is
crucial that the same scan size range is used wbewparing the surface
roughness for different samples. Similar resultgewebtained in the works
[23, 24].

(@)

(b)
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Fig. 1. AFM images of DL membrane for scan aregsmx 2 pm (a) and 5 pm x 5 um (b)



3-2014 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS

21

(@)

nm

(b)

nm

Fig. 2. AFM images of HL membrane for scan aregsmx 2 pm (a) and 5 pm x 5 um (b)

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

R roughness

RMS roughness

Area
nm nm
2umx2pum 14.4 18.0
5umx5pum 154 18.8
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Table 2. Average (R) and root-mean-square (RMS) hoesgs values for HL membranes for
different scan areas (2 um x 2 pm, 5 pm x 5 um)

Area R roughness RMS roughness
nm nm
2umx2pum 1.4 19
S5umx5pum 6.0 7.4

It was also noted that the tested nanofiltrationmim@anes produced
a significantly different result of average and troean-square roughness.
When analysing the scanned surface area, it waslfthat the HL membrane
was characterized by a lower value of the averagg @ot-mean-square
roughness than was the DL membrane (Table 1 anéic2prding to Boussu et
al. [23], it is most likely caused by the constiactof the top active layer. The
top active layer of DL membrane consists of threb-layers, while the HL
membrane has a top active layer composed of twoiaybrs [21, 30].
Additionally, according to Vrijenhoek et al. [8] @nNanda et al. [9], the
membranes characterized by lower roughness of ¢imealayer have less
tendency to fouling and scaling. It is due to thetfthat both the organic and
inorganic particles favouring accumulation in thealfey” presented on the
membrane surface is characterized by higher surtaghness [28, 31].

Conclusions

Based on the obtained results, it was found thahiat force microscopy
provides valuable information about the shape efdginface layer of polymeric
nanofiltration membranes, and the results conteibid the selection of a
suitable membrane for a particular application.
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Ocena maliwosci wykorzystania mikroskopu sit atomowych w badaniah
powierzchni polimerowych membran nanofiltracyjnych

Stowa kluczowe

Mikroskopia sit atomowych, nanofiltracja, membranypolimerowe,
chropowatéc¢ powierzchni.

Streszczenie

W pracy zbadano nibwos¢ zastosowania mikroskopu sit atomowych do
analizy struktury powierzchni polimerowych membraamofiltracyjnych. Ana-
liza uzyskanych wynikow pozwolita na stwierdzenie, wielkai¢ skanowanej
powierzchni bezpgednio wpltywa na wynik pomiaru zaréwno chropowsato
sredniej arytmetycznej, jak i kwadratowej testowdnyoembran. Konieczne
jest zatem poréwnywanie wynikow uzyskanych dla daksamych wielkei
skanowanej powierzchni.






