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Summary

In this paper, a simple mathematical model is presented based on the changes in the pore size
values of new membranes obtained from different concentrations of polymer systems
PMIA/DMF/LiCl/PEG. Using modern statistical methods of organizing and planning
experiments, a two-factor mathematical design is developed to predict the morphology of the
membranes. The phase binodal diagrams of the PMIA/DMF/LiCl/PEG casting solutions were also
studied. The physicochemical characteristics and surface morphology of the obtained new

membranes were characterized using scanning probe microscopy.
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Phase inversion processes, in which a liquid polymer film is transformed into a solid matrix,
are widely used technologies for the preparation of polymer membranes [1,2,3,4,5]. The study of
the relationship between the variable parameters of the inversion process and the final structure
of the membranes remains a major challenge in the membrane technology process. In recent
years, modeling efforts have been made to predict the final morphology of membranes by taking
into account such factors as the composition of the casting solution, precipitation temperature,
pressure, and separation rate [6,7,8,9,10]. Mathematical modeling allows us to investigate the

relationship between the experimentally obtained pore size values and the phase inversion
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conditions of membranes made from polymer compositions of different compositions.

Subsequently, to predict the pore size and structure of the membranes.

Polyphenylene isophthalamide (PMIA) was used for the experiments. Different amounts of dried
PMIA (PMIA content from 7% to 11% by weight) were placed in a 100 ml flask in a 5% solution
of LiCl in DMF and the dissolution process was carried out by heating to 55°C with constant
stirring with a magnetic stirrer. Polyethylene glycol (PEG was taken as 25% of the polymer mass)
casting solutions were obtained in a similar manner. Table 1 shows the composition of the

additive casting solutions.

PMIA DMF PEG
7 91,2 1,8
8 90 2

9 88,5 2,25
10 87,5 2,5

Table 1. Composition of polymer compositions containing PEG.

A binodal diagram was drawn for the resulting additive systems, which is presented in Figure 1.
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Figure 1. Binodal diagram of the PMIA/DMF/PEG system.

The figure shows that with increasing PMIA concentration, the DMF content decreases, while
that of PEG gradually increases, indicating the tendency of the system to phase separation. The
binodal curve shows the interaction of the components and changes in phase stability with
increasing PMIA concentration. The resulting uniform, homogeneous, PMIA/DMF/ LiCl and
PMIA/DMF/ LiCl/ PEG casting compositions were, after filtration and vacuum deaeration,
applied to a polished glass plate (76mmx26mmx1mm) placed on a laboratory filler with the help

of a stainless steel blade.

Georgian Scientists/ds®omg9wo dg3boggdo ¢. 8 N 2, 2026 | 574



The precipitation procedures were carried out in a distilled water coagulation bath at 60°C. The
obtained samples were washed with 60°C water for 6 hours and kept in the washing bath until
the water-soluble substances were removed. The compositions of PMIA-compositions of

different concentrations and the characteristics of the precipitated new membranes are given in
the table.

PMIA, DMF PEG, | membranes | Thesize | Bubble Membrane
mass % | mass % | mass % of the point porosity
pore, D | pressure,
um Bar
7 93 - P1 0,81 1 18+2
92 - P2 0,59 1,36 2013
91 - P3 0,49 1,65 24+1
10 90 - P4 0,42 1,92 2912
91,2 1,8 P5 0,37 2,2 3143
90 2 P6 0,34 2,35 42+1
9 88,5 2,25 pP7 0,33 2,4 54+4
10 87,5 25 P8 0,31 2,6 70+3

Table 2. Characteristics of polymer compositions and obtained membranes

Table 2 shows that with increasing PMIA concentration, the pore size decreases. In particular,
the pore size of the P1 membrane was 0.81 um, while the pore size of the P4 sample became 0.42
um, almost twice reduced. Then, in the samples obtained with the addition of PEG (25% of the
polymer mass), the pore size gradually decreases again, and the pore size value of the P10 sample
becomes 0.31 um. The difference between the pore size values of the P7 and P10 samples is 0.5

um. The membrane tests have determined the following performances. The results are given in
Table 3.

Obtained Productivity
membrane 1/m?h, 0,1mPa
P1 800
P2 678
P3 528
P4 430
P5 396
P6 289
P7 205
P8 180

Table 3. Productivity of the obtained membranes
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It has been established that increasing the PMIA concentration from 7% to 11% decreases the
membrane performance, but improves the surface morphology and porosity of the membranes
(Figures 3 and 4). The performances of membranes P7 and P8 obtained from dilute polymer
solutions are relatively high, but due to the heterogeneity of the polymer framework, structural
disorder, and globular formations, the number of pores is relatively small, which is also confirmed
by micrographic images (Figures 2 and 3). The decrease in the performance of membranes
obtained with the addition of polyethylene glycol (400) for samples P5, P6, P7 and P8is due to
the ability of PEG to increase the viscosity of the casting solutions, slow down the phase inversion
process, narrow and form new pores, suppress the formation of macrocavities and increase the
porosity of the membranes (Table 2). These factors explain the minimum value of the

performance of the P8 membrane and the improved surface morphology (Figure 4).
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Figure 2. Micrograph of N3 membrane
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Figure 3. Micrograph of N4 membrane

Of the regression coefficients of the following linear equation was sought.

In the phase inversion experiments, the x; factor is a solution with different percentages,
namely, 7% and 10%, and the x, factor is an additive with different percentages, namely, 0%
and 25%. The pressure is denoted by y. The results of our experiments are given in the table
(Table 1) as follows:

N X1 X3 y
1 0 1
2 25 2,2
3 10 0 1,9
4 10 25 2,6

The center of the rectangle 0 is chosen as the origin of coordinates, whose coordinates are
(1,5;12,5). First, changes were made to the upper and lower levels of both factors with the results
obtained by trial and error for all their possible N=22=4 combinations. For this, appropriate key
points were created: 1( xil); xél)), 2 (xl(z); xéz)), 3 (xf); x§3)), 4 (xft); x§4)), from the trial data
(Table 3) xP=7,x% =722 =10,x* =10,x" = 0,x% = 25,x = 0, x{¥ = 25.
These changes are graphically presented in Figure 4.
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Figure 4. Calculation scheme.

The following sequence of steps has been performed: transition to dimensionless coded
variables, first the coordinate origin was moved from point 0 to point 01 with the following

coordinate transformation (Figure 1):

“@_,®

0, 04 01 _ .0, % =X, 10-7 01 _ x5-x3, _ 25-0

(xl )Xo o X, —x1+——7+—2 =8,5 , X, —0+—2 ===

. ~ x1-x? ~ Xy —x3 x§4)—x§1)

12,5 and on the following scale: ¥; = o @ X ==, boog Py =————
10-7 xM-xM  25-0 . . . . :

=——=15 P, === =——=125.In this case, the square is obtained, in the new coordinate

system ( X1, X,) (coded coordinate system). In this system, the coordinates of the corner points of

the square are: 1(-1,-1), 2(-1,+1), 3(+1,-1), 4(+1,+1): A linear regression equation in coded

variables will generally have the form: y =by, + by X; + b,%, (2) o by =
Yu=1FouVu YVitYatYVz+ye  142,241,9+2,6 7,7 _ Yrea Baudu —Y1—Y2+Y3+Ys
= = = = =1925, b, = = =
4 4 4 4 4 4
—1-22419+2,6 _ 13 4% —y14Y2—Y3+ys 142,2-1,942,6 _ 1,9
. — T :0’325 , bz — Yu 142uyu _ Y1 J’24 Y3+Ys - _ 2 :0’475 The

appropriate response values are calculated using the formula:
Yy = bo+b & + b)Y =1,925+ 0,325 %V + 0,475 % 5J N =1,2,3,4. 3)

Y; =1,125; ¥, =2,075; ¥; ==1,775;Y, = 2,725 The difference between the experimental

results and the theoretically obtained results is 12.5%.

To illustrate the method, the transition was made to the response report of a 9% solution. In this

case, the planning center (x{,x)) = (8,5; 12,5) is the same as it was before, only this time it

X0  o-
will change P; = %z— 2 28'5 = %5 = 0,25, Therefore coefficient changes by 0,25 before *;.

P, remains the same that is X, remains the same. By inserting these quantities, we obtain the
following regression equation: y = 1,925+ 0,325%; +0,475%, =1,925+0,25% 0,325
+0,475=1,925+0,0863+0,475=2,4833. The result obtained by experimentis y=24. y—y =-

0,0833, difference between theoretical and experimental data is up to~9%.
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It has been established that the use of modern statistical methods for organizing and planning
experiments for membranes obtained from PMIA/DMF/LiCl/PEG solutions with concentrations
ranging from 7% to 11% allows predicting the results of pressures with sufficient accuracy for
peak pore size data of samples precipitated from any concentration of the casting solution without

conducting experiments.
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659GMm3do 256Lb35390m0 3063963300l 30090 LolBgdgdosb PMIA/DME/
LiCI/PEG 800909100 sbogno 3933656980l i3m®ol bmdols 8609369crmdgdol (33e0egdgdols
LoRwdz9WHY 9399705 FsMmGH030 Fomgdsdoz®do dmpgwo.  9Ju3gemodgb@gdol
0mM560D900Ls O 39308 MsbsFYOMMZY LBHOGOLEH03MO Bx0MPYdOL odmygbgdom
3909960005 MORBIJBHMO0560 Fo0gdoBH03MMO 29adoMmqds 39306569008  IMOFTMEOMYOOL
36160 BoMGOoLsM30L. Fglfagamowos 515939 aLLLbIgEo blbsmgdols PMIA/DME/LiCl/PEG
335DMM0 B0bMEIWMMHO OsyM53700. FoBLDWIOMos oGO0 sbogro  FgddMsbgdOL
30D03M-J080M0 Bsbolinsmgdwgdo s HJs30MHIWo IMOBMEWMY0s Asb3sboMgdgwo
Bmbm®o 8030MmI3Mm30L s9mygbgdom.
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