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Abstract

The authors examined the possible use of a scamh@ugron microscope
(SEM) for polymeric nanofiltration membranes tegtifhe analysis of results
allowed us to conclude that SEM technique is udefuthe determination of the
construction of “skin” and the support layer of ofiltration polymeric
membranes and that Energy-dispersive X-ray spexipys (EDS, EDX)
provides “average” data from both layers.

Introduction

Nanofiltration (NF) is one of the latest pressurenmbrane techniques. This
technique allows for retention of molecules withmalecular weight above
200 g/mol, which correspond to a molecule of 10 A diameter [1, 2].
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Currently, asymmetric thin-film composite membrames commonly used for
nanofiltration. They are composed of “dense” 0.0—+1m thick “skin” layer,
disposed on a support layer having a thicknes9ef50 um (Fig. 1). In these
types of membranes, the support layer is a porduafiliration membrane
usually made of polysulfone [3, 4]. Its task isaie over the mechanical loads
and protect the “skin” layer, while the “skin” layis usually made of polymers
such as polyamide or poly(piperazine-amide) [5—-T].acts as a permeation
layer and thus determines the separation propestiaa asymmetric composite
membrane. The small thickness allows for high hgignamic permeability,
whereas the density determines the selectivit]8,
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Fig. 1. The construction of asymmetric thin filrmgoosite membrane, based on [8, 9]

Nanofiltration has been successfully used for teatment of surface and
groundwater, primarily for their softening [10-13he reduction of the salt
concentration and the removal of low molecular \Wweigrganic compounds
[14-16], for treatment of industrial waste, inclugithe separation of metal ions
[17, 18], the separation of mono and multivalemsi¢19, 20], and the removal
of dyes [21, 22]. Nevertheless, a major limitatimnthe widespread use of
nanofiltration is the declining efficiency of theoggess caused by fouling and/or
scaling of membranes [10, 23]. These phenomenandepemarily on the
properties of the nanofiltration membranes. Thenmele is played by charge in
the membranes, which depends on the functional pgropresent in their
structure [24, 26]. The charge of nanofiltrationmieanes may vary due to
conditions in treated solutions and cleaning bd#Ys 28]. The tendency of
scaling in membranes depends on the type and gaigite charge and also on
the structure of the surface which can be examiyeithe means of atomic force
microscopy (AFM) [10, 29, 30]. According to thettessults shown in [10, 23],
membranes which have a lower surface roughnessacé less prone to the
formation of fouling and scaling. This is connecteith the surface roughness,
which causes local perturbations of the low rateictv promote the contact of
particles present in the feed with the surfacehef membrane, which leads to
the formation of intermolecular interactions andemical bonds with the
surface of the membrane. For this reason, the nammbsurface should not be
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too rough. The authors propose the use of scaratéagron microscopy (SEM)
for visual observation of changes taking placehendurface and the structure of
membranes. SEM allows performing various typesvafdge analysis and direct
guantitative determination of details of examinéfeots [10, 31].

The aim of this study was elemental analysis ofstiméace of nanofiltration
membranes as well as their morphology by means cahréng electron
microscopy and X-ray microanalysis. Furthermore, pbssibility of identifying
the types of membranes by using these techniques tested. During the
studies, SEM images of the surfaces and cross oseatif polymeric
nanofiltration membranes were taken, and the EDéhrimue was used to
determine the elemental composition.

1. Experimental

A HITACHI S3500N scanning electron microscope wéthschottky type
thermal field emitter (SU-70 model) was used tmrdahe SEM images of the
microstructure of the membranes surfaces and tmess section. The analysis
was carried out in vacuum conditions (1%1Ra) at an accelerating voltage of
15 kV and a secondary electron reception anglé@f°3The membrane samples
were coated with a layer of gold approx. 2 nm thising BAL-TEC SCD 050
Sputter Coater from Quorum Technologies. The el¢éshezomposition of the
surface of nanofiltration membranes were examined Bhermo Scientific X-ray
microprobe, coupled with a Hitachi scanning elatimacroscope.

The study involved two types (HL and DL) of flatnudiltration thin film
composite membranes from GE Osmonics, which ared uee similar
applications. These membranes were chosen for gsopabecause of their
similar physicochemical and filtration propertiefable 1), and taking into
account previous research [32] influenced the eéhdibe common characteristics
of the tested membranes is their “skin” layer, Whic made of poly(piperazine-
amide) [5, 7]. This means that their surfaces tth carboxyl and amide groups.
Both DL and HL type membranes stop divalent iorab{@ 1), and the monovalent
ion permeability depends on the concentration angposition of the feed [28, 32].

Table 1. Characteristics of nanofiltration membrg2&s 32]

DL HL
Retention of MgSQ@ [%] 98 98
Cut-off, [g molY] 150-300 150-300
pH range 2-11 3-9
Max temperature, [°C] 90 50
Max pressure, [bar] 40 40
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2. Results and discussion

The morphology of the membranes was assessed lbas&&EM images.
Figure 2 presents SEM images of membranes surf#5cBs and HL types at
a magnification of 10000x. SEM images show thatdhdace structures of the
“skins” of both membranes are significantly diffeteThe surface of the HL
type membrane is more homogeneous than is the Dhbmane. Single spheres
of diameters less than 0.2 pm are present on theypkk membrane surface.
Similar microstructures cover the entire surfacetted DL type membrane.
Differences in the structure of the “skin” layer tife membranes suggest
different structures of the support layer as waelfidicating that their
manufacturing technologies vary widely. Figure 8wk the cross section of the
“skins” and support layers of DL and HL membranes.

a)

ITeE-PIB 15.0kV 19.5mm x10.0k SE(M)

Fig. 2. SEM images of the DL (a) and HL (b) memlesasurface

SEM images of the cross sections of the tested mamb (Fig. 3) show
that the support layers of the two types of memésamave a similar thickness,
but a radically different structure. The supporelaof the DL membrane is
porous (Fig. 3a), while the HL membrane has a tallstructure (Fig. 3b). As
aresult, the HL membrane has a thinner “skin” tayjlean does the DL
membrane. Therefore, the HL membrane has a higbefficent of the
filtration of demineralized water than does the Dhembrane [28, 32].
According to research conducted by Tang et al7]5the “skin” layer of tested
membranes is made of poly(piperazine-amide) locabed a support of
polysulfone. Therefore, differences in the struetuesult from the different
manufacturing technologies of DL and HL membraridswever, despite the
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different structures of the support layer, both rbheanes have a similar
selectivity [28].

B I I I
10.0kV 13.8mm x1.00k SE(UL) S s oum 10.0kV 8.8mm x1.00k SE(UL) S sgoum

Fig. 3. SEM images of cross section of the testethbranes: (a) DL and (b) HL series

The possibility of using the EDX technique for detaing the chemical
composition of nanofiltration polymer membranes wested. Because of the
specific construction of composite membranes, whith covered with a few
nanometre thick active “skin” layer, the EDX tediune provides only
"averaged" results from both layers. A further ctiogtion in using the EDX
technique is the necessity of coating the surfatethe membrane with
a conductive material, usually gold or graphitege do the accumulation of
charge on the surface. Table 2 presents results fre EDX analysis after
calculating and eliminating the influence of gold.

The analysis of data from Table 2 shows that bottmbrane types have
four main elements: carbon, oxygen, nitrogen, amghsir. There were also
small amounts detected of sodium, chlorine, andiwal. Quantitative analysis
(Table 2) shows that the mass and atomic shardwesé elements are less than
1%. The presence of chlorine may be interpretethasresult of incomplete
condensation of the monomers forming the “skin’tleé membrane (one of
them is trimesic acid trichloride [5, 7]) or incolefe hydrolysis of its free
chlorocarboxylic groups. The presence of sodium b®the result of a specific
nature of the manufacturing process of the memistartee presence of calcium
is probably a result of a slight surface contanimat
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Table 2. Chemical composition (and standard dewidSD) of the results) of polymer nandfiltration
DL and HL membranes determined by the EDX technique

Membrane DL Membrane HL

C 38.75 0.72 47.91 0.03
N 3.67 0.48 5.72 0.21
] 33.34 1.47 30.93 0.16
Na 0.37 0.06 0.21 0.05
S 22.73 1.39 14.68 0.18
Cl 1.14 0.05 0.27 0.06
Ca 0.00 0.00 0.28 0.10

Total 100.00 - 100.00 -

Membrane DL Membrane HL
Element Concentration [% Concentration [%

atomic] SD atomic] SD
C 50.99 1.09 58.55 0.03
N 4.14 0.53 6.00 0.22
] 32.93 1.28 28.38 0.15
Na 0.25 0.04 0.13 0.03
S 11.21 0.76 6.72 0.08
Cl 0.51 0.02 0.11 0.02
Ca 0.00 0.00 0.10 0.04

Total 100.04 - 100.00 -

3. Conclusions

Scanning electron microscopy (SEM) coupled withrBpelispersive X-ray
spectroscopy (EDX) was used for the determinatibrihe physicochemical
characteristics of polymeric nanofiltration meml@sn (nonconductive
materials). Different types of membranes with corapke filtration properties
were tested. As a result of SEM analysis, it wamibthat the solid “skin” layer
of the tested membranes has subtle morphologysiuitferent for each type of
membrane. This is connected to the structure oftipport layer, which in turn
depends on the manufacturing technology of memistraflee EDX technique
showed that the “skin” and the support layers haiféerent elementary
composition, but this technique has insufficienttieal resolution; therefore,
provides "averaged" data from both layers. Howether resolution is sufficient
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to distinguish membranes. The combination of ddtined with both SEM
and EDX techniques allows the identification of nbeames.

Scientific work executed within the Strategic Paogme ‘nnovative

Systems of Technical Support for Sustainable Dpusdot of the Country’s
Economy within Innovative Economy Operational Programme.
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Skaningowa mikroskopia elektronowa (SEM) w analiziestruktury
polimerowych membran nanofiltracyjnych

Stowa kluczowe

Skaningowa mikroskopia elektronowa, nanofiltracj@mbrany polimerowe.

Streszczenie

W pracy zweryfikowano mdiwos¢ zastosowania skaningowego mikrosko-
pu elektronowego do badania polimerowych membraofilracyjnych. Anali-
za uzyskanych wynikow pozwolita na stwierdzeree SEM mae byt pomocna
w okreslaniu budowy warstw naskorkowej i wzmacaiz@j polimerowych
membran nanofiltracyjnych, a technika EDX dostargraednionych” danych
obejmupcych obie warstwy.



