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Abstract: The development of methods for assessing the distribution of pores by radii (or diameters) and studying the
microstructure of the surface of a membrane partition is an urgent task. The authors of the paper carried out experimental
studies of the pore diameter distribution for the UPM-K ultrafiltration membrane, determined the porosity and
hydrodynamic permeability of the UAM-50, UAM-100 membranes. The analysis of the experimental results showed that
the UPM-K ultrafiltration membrane had an average pore diameter of 54 nm. The UAM-50 and UAM-100 membranes
were characterized by an asymmetric structure (an active layer (dense) and a porous substrate), while the pores were
2.5-40 and 1040 nm in size, respectively. The experiments on the study of the hydrodynamic permeability of UAM-50,
UAM-100 ultrafiltration membranes when separating a solution of sodium lauryl sulfate showed that the kinetic response
curves of the “membrane-solution” system were conventionally divided into two stages. The first stage of the process was
faster and lasted only a few minutes. After 7.8 and 13.05 min, the hydrodynamic permeability decreased by ~ 27 %, 7 %,
which was due to structural changes in the cellulose acetate layer under the action of mechanical load (transmembrane
pressure). The second stage was slower — with a duration of ~ 33 and 60 min and a decrease in hydrodynamic permeability
by 41 % and 11 %. Based on the analysis of the approximating function, the rate constants of the membrane separation of
solutions and the empirical coefficients of the equation are found.
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AnHotanusi: Pa3paboTka METONWK OIEHKH pacIlpefelieHuss Mop Mo pammycaMm (WIN IOHaMeTpaM) U HCCIICIOBaHUS
MHKPOCTPYKTYPHl TIOBEPXHOCTH MEMOpaHHOW TIEepPEerOPOJKH SBJSIETCS aKTyaldbHOH 3amadeil. ABTOpaMH pPaOOTHI
MIPOBEICHBI JKCIIEPUMEHTAIFHBIE HCCIECAOBAHMS pPACHpENeNeHUs IOp O JAWaMeTpaM s yIbTpaduIbTPaluOHHON
MeMOpanbl YIIM-K, ompeneneHbl TOPUCTOCTh W THAPOJWHAMHUYECKAs] MPOHHUIIAeMOCTh MeMOpan YAM-50, YAM-100.
AHanu3 pe3yibTaTOB AKCHEPUMEHTA IIOKA3bIBA€T, YTO yJIbTpadmusTpanuoHHas MemOpana YIIM-K mmeer cpennee
3HaYCHHE AMaMeTpoB 1mop — 54 um. s memOpan YAM-50, YAM-100 xapakTepHa acCUMETpHYHAsI CTPYKTypa (aKTHBHBII
cJIoM (TIJIOTHBIN) U MOpUCTas MOJUI0XKKA), TIPU 3TOM MOPBI UMEIOT pa3mepsl 2,5...40,0 um u 10...40 HM, COOTBETCTBEHHO.
DKCIEePUMEHTHI 110 HCCIICAOBAHUIO THAPOIMHAMUYCCKON MPOHHUIAEMOCTH YIbTPadUIbTPAIMOHHBIX MeMOpan YAM-50,
YAM-100 nipu paszesieHur pacTBOpa JIaypHICyb(ara HATPHsl MOKA3aJId, YTO KHHETUYCCKHE KPUBBIC OTKJIMKA CUCTEMBI
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«MeMOpaHa-pacTBOpP» YCIOBHO Pa3eisifoTCs Ha JBe craauu. llepBasi CcTajus mpoliecca MpPOTeKaeT ObICTpee W JUIUTCS
Bcero Heckoibko MuUHYT. Yepe3 7,80 u 13,05 mMuH ruaponnHaMudeckas MPOHUIIAEMOCTh YMEHBIIIAETCSI COOTBETCTBEHHO
Ha ~27 u 7%, 4ro 0OYyCIOBIEHO CTPYKTypHBIMH H3MEHEHHSIMH B aleTATIEIUIIONIO3HOM CJIO€ II0A ACHCTBHEM
MEXaHUYECKON Harpy3ku (TpaHCMEMOpaHHOTO JaBicHWs). BTopas craaus Oojiee MeUICHHAs — IMPOAOJIKHTEIBHOCTHIO
~ 33 u 60 MUH ¢ yMEHbBIIIEHUEM THIPOUHAMUYECKON TPOHUIIaeMOCTH cooTBeTcTBeHHO Ha 41 u 11 %. Ha ocHOBe aHanmza
anmnpoKCUMHUpyome (GpyHKINY HaleHbl KOHCTAHThI CKOPOCTH MEMOPAaHHOI'O pasJeieHUs] PacTBOPOB M AMITUPHUECKHE

K03(h(pUIMEHTHI ypaBHEHHSI.

KnaioueBbie cioBa: IMOpOBOE IMPOCTPAHCTBO MeM6paHLI; AUaMETp 10D, (I)yHKIII/IH HOPMAJIbHOT'O PpacCIpeACICHUSA;

SJIEKTPOHHO-MUKPOCKOIIMIECKHUE UCCIEIOBAHMA.

Jas murapoanns: Lazarev SI, Kovaleva OA, Khorokhorina IV, Khromova TA, Kovalev SV. Studies of the pore space
of the UPM-K, UAM-50, UAM-100 composite ultrafiltration membrane. Journal of Advanced Materials and
Technologies. 2021;6(1):42-53. DOI: 10.17277/jamt.2021.01.pp.042-053

1. Introduction

At industrial enterprises of the Russian
Federation, CIS countries and foreign countries in
various  industries  (petrochemistry,  chemical
engineering), baromembrane separation processes are
used to regenerate different solutions. At the same
time, there is a problem of ensuring high quality
indicators for the purification of various aqueous
media containing both organic and inorganic
compounds. The processes of membrane purification
of various technological solutions, especially food
and biological ones, are accompanied by
sedimentation and fouling of the membrane surface.
The study of various characteristics of membranes
depends on many factors (differential transmembrane
pressure, electric potential on the membrane, etc.).
In a particular case, similar characteristics are
associated with the hydrodynamic permeability of the
solution through the membrane, and this also depends
on the distribution of pores along the radii for a
particular type of membrane. The development of
methods for assessing the distribution of pores by
radii (or diameters) and the study of the surface
microstructure for a particular membrane partition is
still relevant today [1-11].

In [12], the information was presented on the
development of a digital image processing software
package for calculating porosity, pore diameter
distribution, pore area distribution and pore shape
distribution on the membrane surface by processing
images of the membrane surface and cross section
obtained using SEM. Comparison with the results of
the analysis using the IBAS I/Il image analysis
instrument (made in Germany), the porosity analyzed
by the developed software package is larger, while
the distribution variance is wider.

The problems and prospects of using the
ultrafiltration method in the separation of solutions
and water purification were described in [13].

The pore size for ultrafiltration membranes ranged
from 5 nm to (0.05-0.1) um. The authors showed
micrographs made using an electron microscope
when studying polymer membranes made of various
materials, for example, cellulose acetate,
polyethersulfone, etc.

The authors of [14] proposed a new, simple and
effective test for pore size based on the synthesis and
transfer of hard nanoparticles across the membrane.
Monodispersions of gold and silver 3-50 nm
provided a complete pore size distribution, including
d100, the pore diameter at which the membrane had
100 % retention capacity. The maximum pore size in
the UV membrane structure was difficult to
determine by other methods, although it was
necessary for accurate separation analysis. The d100
values in the tested UV membranes ranged from
40 nm to 50 nm depending on the membrane
material. Polymer membranes were more flexible
than ceramic membranes and their d100 are usually
much higher than MWCO.

Application of ultrafiltration solutions for
purification processes is one of the most important
stages in the production of high-purity water, liquid
chemicals and biopharmaceutical products.

For example, in [15], the findings of the study of
PA-100 ultrafiltration membranes based on aromatic
polyamide performed on a SmartSPM-1000 atomic
force microscope were described. The images
obtained in this way passed the procedure for
identifying pore sizes based on the Gwyddion
program by two different methods (threshold and
watershed). A statistical analysis procedure was
carried out to study the pores. The authors noted that
the watershed method allowed obtaining more
detailed and reliable information on the distribution
of the pores of the studied membrane over its surface.

Based on the analysis of the literature data and
the demand for research on the identification of
membrane pore sizes on the surfaces of ultrafiltration
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membranes, we selected the objects for the research
and the experimental procedure.

In the processes of membrane separation of
solutions, the kinetics of the process is determined by
the efficiency and productivity of purification and
concentration of technological and industrial
solutions. An important role in the study of the
mechanism is given to the structural characteristics of
membranes, which affect the kinetics of the
membrane process. The authors in [16] analyzed the
data on specific output flux and retention capacity for
several commercial membranes, including the ESPA
membrane, which shows good results in the
separation of solutions containing NaCl, (NH4),COs.
It was found that the degree of separation is
influenced by such factors as the molecular weight
and molecular structure of the solute.

In [17], the authors investigated a low-pressure
membrane process for removing cerium and
neodymium from industrial solutions, where the
permeability was analyzed by the concentration of the
solute using inductively coupled plasma atomic
emission spectroscopy.

The authors of [18] presented a classification of
membranes and membrane water treatment methods
according to various criteria, analyzed membrane
separation methods and the possibility of their
application for wastewater treatment of chemical and
oil refineries. It was noted that hybrid technologies
based on the use of membrane catalytic reactors with
ultrafiltration ceramic or metal-ceramic membranes
in the presence of ozone are the most preferable for
the treatment of wastewater from chemical and
petrochemical enterprises.

The authors of [19] calculated the hydrodynamic
permeability of a membrane consisting of a set of
porous spherical particles with a rigid impermeable
core. The calculations used the cell method proposed
by Happel and Brenner.

In [20], the authors investigated the
ultrafiltration process using a polysulfone membrane.
Membranes were prepared by phase inversion using a
polysulfone (PSf) polymer base, polyvinylpyrrolidone
(PVP), and  N-methyl-2-pyrrolidone  (NMP).
The characteristics of the morphology of the surface
layer were determined using SEM and atomic force
microscopy (AFM).

In [21], the authors studied the mechanism of
fouling of various types of UV membranes with
different pore sizes by cross-flow filtration of
biological suspensions. The experiments were carried
out using two types of membranes (cellulose-oxy-

and polyethersulfone) and three substances with
different molecular weights.

In [22], the  possibility of  using
electrosynthesized ultrafiltration membranes for
concentration and purification from phenolic
impurities of aqueous extracts of arabinogalactan was
shown. It was found that the modification of the
surface of ion-exchange membranes with ionic
surfactants of various natures makes it possible to
increase the separation of mono- and divalent ions by
a factor of 2-3 in comparison with industrial ion-
exchange membranes.

The issues of evaluating the resources of
membrane performance are considered in the article
[23], where the authors carry out a theoretical
analysis of the operation of low-pressure membranes
in the process of separation of solutions. In [24], the
authors noted that the pore size of the membrane and
surface porosity mainly regulate the morphology of
the PSU membrane, which increases the efficiency of
the membranes and reduces membrane fouling. In
[25], the structure and permeable properties of the
surface of the initial UV membranes made of
polysulfone (PS-100), polyacrylonitrile (PAN-100)
and modified by applying thin films of
polyvinylpyridine by the Langmuir-Blodgett method
were studied by atomic force microscopy. It has been
established that the deposition of thin films on the
PS-100 membrane leads to a twofold decrease in the
specific output flow for water, but a significant
increase in the retention coefficient is observed.

The analysis of the studies [1-25] made it
possible to evaluate the significance of kinetic and

structural characteristics in the processes of
ultrafiltration separation of solutions containing
surfactants.

Therefore, the aim of the paper is to conduct
experimental studies of the pore diameter distribution
for the UPM-K UV membrane and to determine the
porosity and hydrodynamic permeability of the
UAM-50, UAM-100 membranes.

2. Materials and methods

2.1. Materials

The object of the study was the UPM-K,
UAM-50, UAM-100 UV membranes (ZAO STC
Vladipor, Vladimir), the characteristics of which are
presented in Table 1 [26].

The choice of porous ultrafiltration membranes
as the object of the study is due to high retention
capacity, good performance and its maximum
applicability in industrial practice.
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Table 1. Characteristics of the UPM-K, UAM-50, UAM-100 type membranes

Specific solvent

Permeable Permeable Active layer 3, 2 Retention rate for 0.15 %
membrane brand membrane type material flow J, m'/m" s, NaCl solution
for P=0.5 MPa
UPM-K Polyamide 1.16:107 0.980
UAM-50 Composite 2.00-107° 0.985
Cellulose acetate s
UAM-100 1.00-10 0.985

Fig. 1. Electronic image of a sample of the UPM-K
ultrafiltration membrane at a magnification
of 100 and an accelerating voltage of 5 kV

2.2. Methods

The surface of dry samples of UPM-K, UAM-
50, UAM-100 ultrafiltration membranes was
examined using a Merlin scanning electron
microscope (CarlZeiss, Germany, Center for
Collective Use of Research Equipment of Derzhavin
Tambov State University) (Fig. 1). Some of the
original images were transferred exactly to scale into
the AutoCad 2018 CAD environment, where further
image processing took place.

First, in the photographs of the membrane
surface (Fig. 2), three uniform regions were visually
selected (without significant deviations of the
geometric elements of the surface microstructure).
The area of the selected square elements was
1-10° nmz, the scale of the regions strictly
corresponded to the scale of the photographs. Then
the pores were visually determined, which were
described by a circle using the program. After
marking the pores, the procedure for exporting data to
the automated design system AutoCad 2018 was
carried out using the console command EXTRACT
DATA. Radial dimensions on the surface (active)
layer of the membrane in nm were calculated using
the AutoCad2018 program intended for computer-
aided design.

Fig. 2. Electronic image of the surface
of the UPM-K ultrafiltration membrane with three uniform
regiond along the perimeter at a magnification
of 100 and an accelerating voltage of 5 kV

Using the AutoCad 2018 software function of
“data extraction”, the main characteristics (diameter,
area of each element) were found for all four square
sample areas. Using the data retrieval function made
it possible to perform surface analysis on each
membrane.

To assess the error in determining the pore size,
5 electronic images were analyzed, obtained for
different areas of the surface of the membrane under
study. The procedure for processing each electronic
image was repeated 10 times. The statistical
processing of the results confirmed that the relative
standard deviation did not exceed 0.1.

To calculate the area of the clean surface of the
square sample areas, the sample areas were added,
and then they were subtracted from the total sample
area. Then the coefficient of contamination was
determined according to the following calculation
formula (1):

K== (1)

where S,, Sy are the area of the clean and darkened
surface on the membrane, nm?.

The obtained characteristics are presented in
Table 2.

Lazarev S.1., Kovaleva O.A., Khorokhorina LV. et al. 45



Journal of Advanced Materials and Technologies. 2021. Vol. 6, No. 1

Table 2. Estimated area of the UPM-K membrane

Darkened Clean surface .
Membrane surface area, area, Cflf(_)ggmg K
type Sa. 2 .. nm? coefficient,
UPM-K 793.1-10° 3.20-10° 0.25

For analytical processing of the data obtained as
a result of the research, Microsoft Excel 2010 was
used. Using the descriptive statistics function, the
program determined such parameters as the standard
deviation and the average pore diameter.

For further calculations, it is necessary to verify
the correctness of the analysis of the data obtained.
This can be solved by constructing histograms.
The construction of histograms is performed using
the standard settings of Microsoft Excel 2010.
The program performs an automated selection of the
range obtained during the calculation of the data and
builds histograms for the UPM-K membrane.

In the automated calculation of the computer, the
range is independently selected, which is determined
by the calculation formula (2):

R=X nax = Xmin> )

where Xpax is maximum sample value; Xpyip is
minimum sample value.

This parameter (range) shows what the width of
the histogram will be and determines the spread of
the obtained values. Then the computer divides the
resulting range into several intervals, the number of
which is calculated by the formula (3):

k="n+t2, 3)

where n is coefficient that takes into account the
number of found sample diameters.
Then, by means of the computer, the width of
the interval (/) was calculated by the formula (4):
R
h=—. 4)
k
Then, the function of the normal distribution of
the diameters of the pores of the membranes was
constructed.

3. Results and discussion

3.1 Pore diameter distribution for UPM-K UV
membrane

The standard deviation and the average pore
diameter of the UPM-K ultrafiltration membrane
determined on the basis of the study and the data

obtained according to the previously presented
method are presented in Table 3.

Fig. 3 shows a histogram of distribution of pore
diameter sizes per intervals of pore diameter sizes for
the UPM-K membrane.

The resulting histogram shown in Fig. 3
represent combs (multimodal type). Among the
various laws, the most used is the normal distribution
law (Gauss's law). According to Gauss's law, to
which random variables obey, and they are
significantly influenced by numerous, approximately
equal in strength, factors. The results of multiple
measurements obey this law, which is observed in our
case [17]. Table 4 shows the values of the studied
parameters.

Table 3. Average pore diameter
and average deviation

Membrane Average pore diameter Standard
type of dyy, nm deviation ¢
UPM-K 54 1.21
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Fig. 3. Distribution of pore diameter sizes by pore diameter
size intervals for the UPM-K membrane

Table 4. The main parameters

Membrane type UPM-K
Standard deviation 20.6
Sample variance 423.6
Excess 1.5
Asymmetry 14.3
Interval 165.6

46 Lazarev S.1., Kovaleva O.A., Khorokhorina L.V. et al.



Journal of Advanced Materials and Technologies. 2021. Vol. 6, No. 1
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Fig. 4. Sample variance function of the UPM-K membrane
from the distribution of the membrane pore diameters
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Fig. 5. The function of the normal (integral)
distribution of the UPM-K membrane
from the distribution of the membrane pore diameters

For the UPM-K membrane (Fig. 4, 5), the graph
of the normal distribution function of pore diameters
on the membrane is as follows.

According to the hypothesis about the
correspondence of the empirical distribution to the
normal law, it is necessary to study the
reproducibility of the procedure, i.e. the possibility of
studying the primary parameters of the process is
determined: the arithmetic mean value and the
standard deviation.

In analytical form, the normal distribution
function for the UPM-K membrane, the following
formula is proposed:

(x=20)2

2
y= e2-54.54 . (5)
54.54\/21

Thus, we can claim that the UPM-K UV
membrane has different pore diameters — the average
hit range is 40—60 nm. It can be concluded that the
size of the pores and their frequency of penetration
per 1 mm? affects the permeable properties of the
studied semi-permeable membranes and, most likely,
affects the effect of their overgrowing.

3.2. Experimental studies of porosity of UAM-50,
UAM-100 membranes

Membranes used in chemical technology for the
separation of solutions and industrial effluents,
carried out under the influence of transmembrane
pressure (microfiltration, ultrafiltration, nanofiltration
and reverse osmosis) or electric potential, are
composite materials consisting of two (or even three)
layers of different materials [28-30]. Resistance is
usually an intrinsic property of the membrane,
reflecting the pore structure. Due to the
compositional structure of membranes, geometric or
structural parameters cannot be determined by
standard measurements, so other types of experiments
are conducted to evaluate the thickness and / or
porosity of each layer. Structural parameters are very
important to predict the behavior of the membrane,
since the permeable and selective properties of the
membrane strongly depend on the structure of the
pores and their distribution [28], which is also noted
by the authors of [28-31]. In particular, ultrafiltation
membranes are usually made as two series-connected
homogeneous elements with different structural and
transport properties [28—31]: a thin and dense active
layer, a thick and porous substrate (Figs. 6, 7).
Characterization of both layers provides the
necessary information about the selectivity and
performance of composite membranes.

The analysis of Figs. 6, 7 (c¢) electron images of
UAM-50 and UAM-100 ultrafiltation membranes
showed that the membrane actually consists of an
active layer and a porous substrate. It is noted that the
active layer of the UAM-50 membrane has a min
thickness of up to 27 nm, and that of for UAM-100
has a min thickness of up to 15 nm.

On the surface of the UAM-50 and UAM-100
membranes, pores are visible, the average size of the
diameter of which for several samples is 2.5+40 nm
and 10+40 nm, respectively. Selected areas of the
image are given for comparison and assessment,
since along with small, medium pores, there are also
wider ones, the size of which reaches 100 nm.

Analyzing the surface of the cross-section of
membrane samples, two layers are observed: dense
and more porous. The pore space is formed by
through and dead-end bottle-shaped pores with
diameters up to 40 nm, which are inhomogeneous
along the entire pore length.

Also, when analyzing images, it can be
concluded that the active layer of ultrafiltration
membranes has an asymmetric pore structure.
The active layer of the membrane can be divided into
two components: a selective layer with a small pore
size, and a pore substrate, in which the pores increase
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(b)

Fig. 6. Electronic images of the UAM-50 ultrafiltration membrane:
a — image of the membrane surface — its active layer; b — the substrate surface, for this membrane — fabric-type nylon;
¢ — image of an active cellulose acetate layer section of a substrate membrane

Fig. 7. Electronic images of the UAM-100 ultrafiltration membrane:
a —image of the membrane surface — its active layer; b — substrate surface, for this membrane — felted nylon;
¢ — image of the active cellulose acetate layer section of the membrane

in diameter as they approach the substrate [28].
It should be noted that the studied type of membranes
is chemically and structurally heterogeneous. They
consist of a highly porous substrate coated with a
thin, dense film of another polymer.

A schematic representation of the ultrfiltration
membrane is shown in Fig. 8.

Studies of the surface and drainage layers of
ultrafiltration membranes by electron microscopy
have shown that all membranes have an anisotropic
structure — their structural parameters change along
the membrane thickness. Therefore, for them, the
pore space as a whole can be characterized only by
the values of the total volumetric porosity and average
pore radius (Fig. 9). To study these parameters,
we used the method of nitrogen adsorption on an
AUTOSORB-iQ-C sorbtometer (Quantachrome, USA).

Table 5 shows the results of studying the
specific surface area and porous structure of the
studied membranes.

The analysis of images obtained using scanning
electron microscopy showed that the pores of
UAM-50 and UAM-100 composite ultrafiltration
membranes are within the range of up to 100 nm,
while the average pore diameter of the membranes is
2.5+40 nm. It is noted that the analysis of the
obtained images of membranes and the parameters of
their porous structure are practically comparable with
the results obtained by other methods, for example,
nitrogen adsorption.
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Fig. 8. Schematic representation
of the ultrafiltration membrane [28]
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Fig. 9. Pore distribution histogram for UAM-50 (a¢) and UAM-100 (b) ultrafiltration membrane

Table 5. Characteristics of the UAM-50
and UAM-100 membranes

Investigated parameters

Membranes

UAM-50 UAM-100

Pore volume, cm3-§§l (cc/g)

-1
Surface area, mL-g

Lower confidence limit, nm

Installation error, %

Pore size, nm

0.037 0.128
10.394 19.327
0.984 0.899
6.829 3.103
3.169 10.681

3.3 Experimental studies of the hydrodynamic
permeability of UAM-50, UAM-100 membranes

In experimental studies, the UAM-50 and
UAM-100 industrial semi-permeable composite
membranes were used, the main characteristics of
which are given in Table 1 [32].

Before starting experimental studies, the
membrane samples were visually checked for defects.
Then they were immersed in the test solutions.
Afterwards, a flat-chamber type separating
ultrafiltration module was assembled. The membrane
was fixed on a substrate (Whatman paper) so that the
membrane did not have contact with metal surfaces,
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the active layer to the solution to be separated.
The shared module was attached to the laboratory
setup described in [33]. The amount of collected
permeate was determined every 30 minutes.
At the end of the experiment, the pressure was
released, the installation was turned off. The time was
recorded with a stopwatch.

The experimental dependences of the
hydrodynamic  permeability = for ultrafiltration
membranes on the time of the separation process of a
solution containing sodium lauryl sulfate was
calculated by the formula (6):

vV
F,tP
where V is the volume of the collected permeate, m3;
F,, is the flat membrane working surface area, m";
t is the duration of experiment, s; P is the
transmembrane pressure, MPa.

Fig. 10 shows the kinetic dependences of the
hydrodynamic permeability on the time of the
experiment.

As seen from Fig. 10, the hydrodynamic
permeability during separation on an asymmetric
membrane of cellulose acetate (UAM-50 (curve 1),
UAM-100 (curve 2)) is variable over time.

When analyzing the dependences of the change
in hydrodynamic permeability on time (1), it was
found that such dependences are well approximated
by the sum of two exponential functions (Fig. 10) at
(R*=0.976)

J=yo+ Aleftk1 + Azeftk2 , (7)

o=

(6)

where the values of the process rate constants —
k1= 1/t1, ko= 1/t and the equation coefficients are
given in Table 6.

a, mL/(cm*min-MPa)
0,045 A
0,035 1

0,025 1

0,015

0 100 200 300 T, min
Fig. 10. The dependence of the hydrodynamic
permeability on the time of the experiment
for ultrafiltration membranes at a constant
transmembrane pressure P = 1.0 MPa:
1 — UAM-50 series membrane;
2 - UAM-100 series membrane

Table 6. Design values of the process rate constants
for UAM-50 and UAM-100 ultrafiltration
composite membranes

Membrane 2
parameters Yo A1 Az u © R

UAM-50 0.042 0.0057 0.0035 13.05 60.85 0.975

UAM-100 0.022 0.0376 0.0151 7.87 33.11 0.977

Experimental studies of the hydrodynamic
permeability of membranes during the separation of a
solution containing sodium lauryl sulfate made it
possible to determine that the kinetic curves of the
response of the “membrane-solution” system under
the action of transmembrane pressure can be
conditionally divided into several stages. The first
stage of the process was faster and lasted only a few
minutes — 7.8 and 13.05 min, respectively.
The hydrodynamic permeability decreased by ~ 27 %
and 7 %, respectively. The observed effect was due to
structural changes in the cellulose acetate layer under
the action of mechanical stress (transmembrane
pressure). The second stage was slower, lasting
~ 33 and 60 min, with a decrease in hydrodynamic
permeability by 41 % and 11 %, respectively.
Apparently, the decrease in permeability is associated
with the process of structural rearrangement in the
polymer substrate of the UAM-100 and UAM-50
membranes, respectively. At the same time, the
dependence of the change in hydrodynamic
permeability on the macroscopic parameters of the
membranes, for example, such as pores, which
undergo deformation and partial compression as a
result of pressure, is noted. Earlier it was shown that
the drainage layer of UV membranes UAM-50,
UAM-100 is made of fabric-type and felted-type,
respectively.

It is known that in the process of transmembrane
separation, the process solution interacts with the
active layer of the membrane, changes its structural
properties, and the pressure compresses the active
layer. As noted earlier in [34], the supramolecular
structure of the cellulose acetate active layer of
membranes is due to two types of hydrogen bonds —

(OH---O), (CH---O=C) and the dipole-dipole
interaction of carbonyl groups. Sorbed water breaks

weak intermolecular bonds (CH:--O) in the structure
of cellulose acetate, which increases the polarity of
carboxyl groups due to the induction -effect.
Therefore, strong hydrogen bonds with water
molecules arise between the oxygen atoms of the
polar groups of cellulose acetate, forming a
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polymolecular layer of bound water. As a result, the

pore size decreases and, accordingly, the
hydrodynamic permeability of the permeate
decreases.

4. Conclusions

Using the data on the study of the pore diameter
and their distribution over the sample surface, an
electron microscopy procedure was developed in
conjunction with the use of the AutoCad 2018
computer-aided design system and Microsoft Excel
2010 tools, which made it possible to study the pore
diameter distribution of UPM-K ultrafiltration
membranes. As a result of the studies carried out, it
was found that the size range of pore diameters on the
surface of UPM-K membranes corresponds to the law
of normal distribution, for which mathematical
expressions have been obtained showing that for the
UPM-K membrane sample the largest pore diameter
is 70 nm, and the average pore diameter is 54 nm.
For the UAM-50 and UAM-100 ultrafiltration
membranes, it is noteworthy that their structure was
asymmetric (active layer (dense) and porous
substrate), and the pores had sizes from 2.5 to 40 nm
and from 10 to 40 nm, respectively.

Experimental studies of the membranes
hydrodynamic permeability allow to determine that
the kinetic curves of the response of the “membrane-
solution” system under the action of transmembrane
pressure have several stages. The first stage of the
process was 7.8 min and 13.05 min, and the
hydrodynamic permeability decreased by ~ 27 % and
7%, respectively. The second stage was slower,
lasting ~ 33 min and 60 min, with a decrease in
hydrodynamic permeability by 41% and 11 %,
respectively. This was due to the process of structural
rearrangement in the polymer substrate for the
membranes.
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