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s ouucmxu 600U WUPOK020 3ACMOCYEAHHA HATWIU
Mamepiaau naneposi Qinvmpyeanvni (MII®D), saxi neexo
niddaromvcsa ymunizauii. OcnosHum Hedoaikom abdconrom-
HOi Oitvwocmi Qirvmpyseanvrux mamepianie, 6 momy Hucii
i naneposux, € ix cxuaviicmov 00 6ioobpocmanns. [Janui
He0oNK cYymmeso 00MedHcY€e uu IHKOIU HABIMD YHEMONCIU-
8JI10€ BUKOPUCMAHHSA PilbMPYEaANbHUX Mamepiaie ma,/uu
copbenmie y neeniii cepi. Y 36°a3Ky 3 6umse6uKIA0eHUM,
00°eKmom 0arn020 00CAI0HCEHHA CMAE NPOUEC OUUCKU 600U
3 euxopucmannsm MIID i3 3uezapaxcyronumu 61acmueoc-
MAMU HA OCHOBI MOOUPIKOBAHUX UENIOTIOZHUX 60JI0KOH MA
npupoonozo copbenmy nanuzopckim, axi Moscymo copoy-
samu mexamiuni 0OMIMKU, 1OHU BANCKUX MemaJslié, enme-
posipycu ma 6axmepii.

Bcmanosaeno, wo 3pasxu mooudixoeanux mamepianie
nanepogux @QinbmpyeanvHux i3 HAUGUWLOI0 WIALHICMIO
ma HaUMeHWo0 MoGWUHO Ma 3Pa3Ku i3 HaAUMeHw 010
WINbHICMI0O Ma HAUOIILUWOI0 MOBUUHOIO MalOMb Ginbuly
Qinvmpauiiing ma copouiiiny 30amuocmi y nopieHAHHI i3
3paskamu 3 cepeoHiMU 3HAMEHHAMU UUX MEXHONOZIUHUX
napamempia.

Habyxanns ueatono3Hux 60J0KOH 3MEHWYE CULY
BNAUBY KOMNOIUUIUHO020 CKAAOY O00CNIONCEHUX 3PA3KiG
MII®D na ix Qinompauiiinyg 30amuicmo ma 36iavuye cuary
8NAUBY KOMNOZUUINHO020 CKAAOY Ha COPOUitiny 30amuicmo
yux MIID.

Bcmanosaeno, wo Havikpawi mexnonoziuni xapakme-
pucmuxu maiwomo 3pasku, 00 cKkaady AKux 0yYno 6eedeno
oausvro 40 % ocopnozo edipy yenronosu.

Bcmanosneno xapaxmep 3anexcnocmi weudxocmi
npouyecy Qinompysanus 6i0 eumpamu ouuwyeanoi 600u,
mosuwuHU, WiAbHOCMI Ma KOMNO3uUitinozo ckaady MIID.
Ompumani mamemamuuni mooeji npedcmasneni nouiHo-
MOM Opyz020 nopsdKy ma 00360110Mb 6PAX06YEAMU He
MIAbKU MEXHIMHI Xapaxmepucmuxu, ane i 6naué Komno-
3uyitnozo cxaady MII® na weudxicmv npoyecy Qinompy-
sanns onuuyeanoi 600u. 3 docaidxcenux napamempis Hai-
Oivui cunu énauey Ha weudxkicms npouecy Pinompyeanns
npu CMANUX MUCKY Ma KOHUEeHMPauii 3a0pyOHeHH MaAOmMo
sidcomroeuil emicm cyav@imnoi 6icko3noi uu cynrvpammnoi
0inenoi uearon03u y nanepoymeoprorouii Maci 00Cai0HCeHUX
3paskie ma eumpamu ouuUWYEAHOi 600u. 3anponoHosami
Mamemamuuni mooeni 00360110Mb MAKONC GUIHAUUMU
Heo0xi0HUll Komnozuuyitinuil cxaao ons ompumanns MIID 3
3a0anumu 61aCMUBOCMAMU

Knouoei cnoea: moduixosani ueniono3ni 60n0kHa,
epexmusnicmv ovuuenns, 600a, MoOepHiz08ani mamepia-
Jlu naneposi Pinompyeanvui, copouiiini ma Qinompyeanvui
saacmueocmi, Mamemamuuni Mooei, mexHoa0iMHUl pee-
aamenm excnayamauii
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1. Introduction

The properties and the level of contamination of water
strongly affect the health of people. In this connection, there
is the need for water treatment and conditioning before
using it with the application of appropriate materials and
devices [1, 2].

In the period of global environmental security, the pos-
sibility of regeneration or disposal of filtering materials for
devices that provide extraction of a wide range of pollutants
from different media, primarily from water, is becoming es-
pecially important [2, 3].
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Filtering paper materials (FPM) have gained wide use
due to their high effectiveness, relative cheapness, and ease
of recycling [4].

The application of filtering paper elements in special
devices that ensure the maintenance of the highest purity of
the treated medium is limited to resource, durability, filtra-
tion, sorption and other properties.

In connection with the need to ensure the highest purity
of water in pharmaceutical and electronic industries, as well
as the possibility of using the FPM for cleaning the air at
nuclear power plants; in filter-ventilating systems of refuges,
medical establishments, operational, production workshops




(fermentation departments) of the food and pharmaceutical
industries, etc., there is a need for a mathematical model,
with the help of which it would be possible to establish the
compositional structure of the FPM, which would provide
the samples with the required properties needed in each
particular situation.

2. Literature review and problem statement

Contamination of water is one of the major risk factors
for health, related to the environment, which necessitates
the need for its proper purification before using [1, 2]. There
is an urgent need for highly efficient sorbents, characterized
by the simultaneous bactericidal action, for example, to clean
drinking water, water for the pharmaceutical industry, or
their use in medical practice [3].

At filtering different media, microbiological contamina-
tions are absorbed by the materials with both the granulated
and fibrous structure [4]. This not only maintains the viabil-
ity, but also promotes the reproduction of micro-organisms
[5]. That results in biofouling of sorbents and emission of
microorganisms’ waste products, and sometimes micro-
organisms themselves, into the filtrate [6]. Prevention of
biofouling of filtering materials and, in particular, sorbents,
remains a relevant scientific problem [7].

The use of activated carbon with the size of particles
from 0.1 to 2,000 um, impregnated with silver, in a complex
method for deep water treatment and conditioning is well-
known. The treated water is subjected to preliminary filter-
ing [8]. Silver in the ionic and molecular forms moves into
treated /conditioned water, contaminating it [9].

There are materials, obtained through processing the
medium with metal salts, for example, a solution of silver
salt. Bactericidal additive is on the surface of these materials
either in the form of isolated ions, or in the form of complex
compounds. These materials do not provide the necessary
level of effectiveness of cleaning from colloidal particles
and viruses, the size of which is within 10—30 pm [10]. The
shortcomings also include the fact that the bactericidal
properties of the used materials are determined by the ions
of germicidal components of the used materials that during
the process of filtering transfer to the purified medium, thus
contaminating it [11]. To ensure the duration of retaining
the germicidal properties of these materials, it is necessary
to impregnate the carriers with the concentrated solutions
of metals’ salts. It is known that germicidal ions of metals at
elevated concentrations are poisonous to humans [12].

Introduction of chemically modified natural sorbents
and artificial synthetic components to the composition sig-
nificantly alters the properties of FPM [13].

Processing of FPM with polymers based on guanidine
may prevent the proliferation of pathogenic micro-organisms
on their surface; however, it also changes other technological
characteristics of the samples [14].

In regard to the foregoing, the modernization of the
FPM composition, which would make it possible to obtain
the required properties and to overcome the known short-
comings, is most appropriate. This would open the way to
a wider use of modernized filtering paper materials in the
pharmaceutical and electronic industries, at nuclear power
plants, in filtering-ventilating systems of refuges, hospi-
tals, medical establishments, operation rooms, production
workshops (fermentation departments) of the food and

pharmaceutical industries, for additional purification of
drinking water, etc.

However, the use of biocides for the purpose of biofouling
prevention is complicated due to the change of the solidity,
sorption, and filtration properties (which, in their essence,
are crucial to the scope of application) of filtering paper ma-
terials, when they are used for purification process.

The research into the technological characteristics of the
obtained FPM samples with disinfecting properties [14, 15],
will make it possible to establish the impact of the compo-
sitional structure, first of all of paper-forming components,
on the lifetime, sorption, filtration properties of the samples.

Development of mathematical models for calculation of
the required compositional structure to obtain FPM with
the assigned solidity, sorption and filtration properties
makes it possible to substantiate the operating parameters of
the technological regulations for manufacturing the samples
with disinfecting properties with the use of polymers based
on guanidine.

3. The aim and objectives of the study

The aim of this research is to assess the properties of
the created modernized filtering paper materials for devel-
oping mathematical models that would make it possible to
determine the compositional structure of filtering paper
materials for obtaining the samples with assigned necessary
characteristics.

To accomplish the aim, the following tasks have been set:

— to explore thickness, density and solidity of the created
filtering paper materials in the wet state;

— to determine the dependence of filtering and sorption
abilities of the studied samples of filtering paper materials on
their compositional structure;

—to develop mathematical models that would make it
possible to calculate the necessary compositional structure
to obtain the FPM with the assigned properties.

4. Materials and methods to study filtering paper
materials

To produce the modernized FPM, we used: sulfite vis-
cose cellulose, sulfate bleached cellulose, natural sorbent —
palygorskite (PAL).

Carboxymethylcellulose low-substituting (CMC-LS),
phosphor ester of cellulose (PEC) and modernized FPM
were obtained under laboratory conditions using the meth-
ods described below.

To obtain CMC-LS, sulfite viscose cellulose, crushed in
the form of lumps with dimensions of 3 x 4 cm was subject to
chemical modification. Cellulose was activated in cold at the
temperature from 0 to 5 °C for 30 minutes by caustic soda,
from which the solution with the content of 13 % of basic sub-
stance was prepared. Ratio (cellulose: alkali) is equal to 1:5.

Swollen cellulose was poured with the solution of
monochloroacetic acid (MCAA) with the contents of the
basic substance of 37 % to perform the reaction of O-alky-
lation. Module of bath by weight of the output cellulose
MCAA is equal to 0.7. The resulting mass was heated in
a water bath up to 70 °C and kept at this temperature for
30 minutes at periodic shaking. After this the mass was
cooled to room temperature and was poured by acetic acid



solution with the content of the main substance of 5 % (1 dm?
of acid per 75 g of cellulose). After careful stirring, the
mass was squeezed on the Buchner funnel and flushed with
distilled water to the neutral reaction of flushing water
(pH 6.0-7.0). The resulting product was dried in the air.

To obtain the PEC, sulfate viscose cellulose, crushed in
the form of lumps with dimensions of 3 x 4 ¢cm, was subjected
to chemical modification.

To prepare the phosphorylating solution, orthophosphor-
ic acid and carbamide were used. Cellulose was immersed
into phosphorylating solution, preliminarily heated up to
80 °C and kept in it at constant stirring for 50-60 minutes.

Cellulose, impregnated with phosphorylating solution, was
squeezed up to 3-fold increase in weight relative to the weight of
the original cellulose and dried in the drying chamber up to the
moisture content of 2—4 %, after which it was subjected to heat
processing at a temperature of 150 °C for 1 hour.

After the thermal processing, the material was flushed
with distilled water until a neutral reaction of flushing water
and was dried in the air up to the moisture content of 610 %.

Phosphoric ether of cellulose in the ammonium form was
obtained by the method described above. For its transfer to
the N-form, the product was processed with 0.01 N hydrochlo-
ric acid solution with subsequent flushing with distilled water.

Laboratory samples of the modernized variants of fil-
tering materials were produced on the unit LAKVO. Just
before using for production of the modernized variants of
filtering paper materials, all components of the composition-
al structure of the samples were crushed and dried in the
drying chamber with forced convection at the temperature
of 70+3 °C to the constant weight. Fibrous sorbents were
ground by a laboratory disk mill of the MDL-01 model.
Distilled water was used during manufacturing the samples.

To carry out research into the development and evaluation
of the properties of the modernized FPM, laboratory samples
weighing 200 g/m? having different compositional structure
with different content of cellulose derivatives, the type of
cellulose base, and existence of natural sorbent were prepared.

Introduction of both modified, and non-modified natural
clay sorbents in the studied quantities to the composition
of filtering paper materials does not cause changes in vol-
ume-spatial parameters of the paper-forming mass and the
finished samples [14, 15], which can be explained by the loca-
tion of this kind of sorbents in spaces between cellulose fibers.

Given the fact that PAL is a kind of clay natural minerals
with the sorption properties, its content in the composi-
tional structure was considered by more than 100 % of the
paper-forming composition.

By 5 samples of FPM were produced based on sulfite vis-
cose cellulose (SVC) and sulphate bleached cellulose (SBC).

The compositional structure of the samples is shown in
Table 1.

Given the lack of the methods for determining the con-
tent of modified cellulose fibers as a part of filtering paper
materials, as well as preliminary preparation of the com-
ponents of the compositional structure of the samples, the
content of each component in the corresponding prepared
examined samples, were accepted according to Table 1.

The following characteristics of cellulose and modern-
ized variants of FPM were explored: thickness, density,
solidity in the wet state. Thickness was measured by using
a thickness gauge with the set characteristics at specific
pressure. Density was determined by calculation, based on
the weight of the studied sample with the area of 1 m? and its

measured thickness that meets the international standards
of the ISO 439-80 and ISO 534-80. Solidity in the damp
state was determined based on the measurement of maxi-
mum force, which the sample withstands during stretching
using the method of load at a constant rate.

Table 1

Compositional structure of the samples of filtering paper
materials based on sulfite viscose cellulose and sulphate
bleached cellulose

SVC-based SBC-based
FPM Compositional FPM L
. . Compositional structure
variant structure variant
1.1 100 % SVC 21 100 % SBC
1.9 30 % SVC + 29 30 % SBC +

+70 % CMC-LS
1.3 [30%SVC+70%FEC| 23
1.4 |40 % SVC+60% FEC| 24 |40 % SBC + 60 % FEC
1.5 |50%SVC+50% FEC| 2.5 |[50% CBS+50% FEC
Note: * — given that SVC, SBC, FEC and CMC-LS belong to pa-
per-forming components, and PAL belongs to natural clay minerals
that do not change the volume-spatial parameters of paper-forming
mass and finished samples, sorbent in compositional structure was
considered by more than 100 % of the paper-forming composition

+ 70 % CMC-LS+PAL*
30 % SBC + 70 % FEC

Filtering and sorption characteristics were determined
by filtering the model solution of ferric chloride at the tem-
perature of 20+2 °C, with the concentration of total iron
in the original solution of 0.63+0.02 mg/dm? through the
appropriate FPM sample of the area of 39.57 cm? under the
pressure of 500 mm of water column.

5. Results of research of filtering paper materials and
filtering-sorption processes with their use

5. 1. Technological characteristics of resulting samples
The data on thickness, density and solidity in the wet
state of the resulting samples are given in Table 2.

Table 2

Technological characteristics of the materials of filtering
paper materials based on sulfite viscose cellulose and
sulphate bleached cellulose®

SVC-based SBC-based

] g T e ] e
ant um g/cm state, N | ant pm g/cm state, N
1.1 450 0.47 4.0 2.1 390 0.56 5.4
1.2 | 500 0.43 1.7 2.2 425 0.52 3.0
1.3 | 440 0.50 3.8 2.3 423 0.51 4.6
1.4 | 432 0.50 3.8 2.4 420 0.51 3.7
1.5 | 434 0.48 39 2.5 405 0.51 4.5

Note: * — relative error of determining thickness does not exceed

7.5 %, density — 8.5 %

3. 2. Filtering and sorption capabilities of the studied
samples of filtering paper materials of different composi-
tional structure

The established averaged data of the filtering and sorp-
tion capability of the FPM variants depending on the type
of cellulose base are given in Table 3.



Table 3

Averaged filtration and sorption capability of filtering paper materials, depending on the type of cellulose base

SVC-based SBC-based
. Amount of fil- |Rate of filtering, L . Amount of fil- |Rate of filtering, PSRN
FPM variant tered water, dm?® | dm? /cmzvmin Iron sorption, %| FPM variant tered water, dm? | dm? /CmQ_min Iron sorption, %
1 3.6 55.1 1 1.14 75.5
1.1 21
2 0.7 79.9 2 0.2 84.9
12 1 59 87.0 99 1 5.0 69.2
’ 2 1.2 88.9 ' 2 1.1 81.0
(3 1 7.5 34.4 93 1 0.7 81.7
' 2 6.6 40.4 ’ 2 0.35 88.0
14 1 0.47 41.6 94 1 1.7 81.2
' 2 0.16 92.2 ' 2 0.5 100.0
1 0.40 62.6 1 0.7 82.5
1.5 2.5
2 0.23 93.6 2 0.35 89.0
5. 3. Mathematical models for calculation of the re- Table 5

quired compositional structure of paper-forming mass

O Ce 5 ! Matrix of plan and results of the experiment
for obtaining samples of filtering paper materials with

assigned properties . Encoded value of factors in the experiment
In the process of filtering liquids, the significant role is No. o N . - .| For SVC | For SBC
X X R experiment X, X, Xy X,
played by the rate of filtering, which in turn depends on the v, dm3/cm?-min
nature of the feed of the treated disperse system, thickness 1 1 |1 |- 1 1.88 172
and density of filtration element. To construct a mathemat-
. .. . R . 2 1 -1 -1 1 1.32 1.12
ical model for determining the rate of filtration depending 3 N N N . 155 152
on the amount of filtered fluid, thickness and density of : :
a paper filter, content of SVC/SBC in the paper-forming 4 1 L 1 1.56 1.6
mass at constant pressure in the form of second-order 5 -1 |- 1 1 1.84 1.64
polynomial, the empirical studies of the full factorial ex- 6 1 |-t 1 1 1.09 0.86
periment were carried out. The levels of factors variation 7 ] 1 1 1 1.1 0.89
are giVen in Table 4. 8 1 1 1 1 0.95 0.72
Table 4 9 TR 1.47
Levels of factor variation 10 ty-t j-1t |- 0.95 0.75
11 -1 1 -1 -1 1.15 0.96
Factor 12 1 -1 |-t 1.21 1.1
10- R = = . K=
Factors des.lg X 1.68 |x/=—1|x=0|x=1 |x*=1.68 13 ] ) 1 ] 215 215
nation
14 1 -1 1 -1 1.39 1.15
Amf(l)u%t of gﬂtg:red x 0.66 1 151 2 9234 15 -1 1 1 -1 1.4 117
uid @ dm 16 N E 1.25 0.99
Thlclgllltess;f a o 400 420 | 450 1 480 | 500 17 1.68] 0 0 0 0.75 0.74
paper liter o, pm 18 -1.68| 0 0 0 1.34 1.37
i 19 0 1.68| 0 0 0.83 0.88
Density of a paper| 04 |042045]048| 05
filter p, g/cm 20 0 |[-168] 0 0 1.26 1.48
Content of 21 0o | o [ 1e8] 0 1.1 1.14
SVC/SBCs, % | 0 301501 80 | 100 22 0 | 0 | 168] 0 | 115 | 12
23 0 0 0 1.68 2.01 1.38
Encoding of factors will be performed through transfor- 24 0 0 0 |-168] 188 1.4
mation: 25 0 0 0 0 1.03 1.05
o 26 o o] oo 1.0 1.1
X=X 5
x =L ) 27 0 0 0 0 1.0 1.16
y 28 0o | oo o] 115 1.2
where x; is the encoded value of factor; ¥; is the natural 29 0 0 0 0 112 1.03
AR ; . ; 30 0 0 0 0 1.04 1.17
value of factor; X is the natural value of basic level; T ;s
the variation interval; j is the number of factor. 31 0 0 0 0 1.1 1.08

We will display the matrix of plan calculated form the
transformation formula and corresponding results of the
experiment (Table 5).

In this case, the mathematical model for the full four-fac-
tor experiment with the interaction effect takes the form:



Yy=by+b -x,+b, - x,+b,-x,+b,-x,+b,-x,-x,+

by X, Xy by X X+ Dy Xy Xy + Dy XX+

2 2 2 2
Hhyy 25X, + by X7+ Dy 20y + by 205 + by g (2)

The coefficients of the model are calculated from for-
mula:

N
zxﬁ'yi
p. ==t

; N 3)

where j=0, 1, 2,..., k; N is the number of performed experi-
ments (N=31).

Coefficients of the model (2), calculated from formu-
la (3), are:

— for SVC:

by=11 b =-0,18 b,=-0,13;

by, =-0,0004; b,=0,03;

b, =0,16; b,=-0,06; b, =-0,0015; b, =-0,11;

b, =-0,06; b, =-0,18; b, =0,01;

b, =0,01; b, =0,034; b, =0,34.

— for SBC:

b,=111, b=-0,2; b,=-0,13; b,=-0,01; b, =0,04;

b,=0,16; b,=-0,06; b,=-0,0015;

by, =—0,11; by, =—0,06;

b, =—018; b, =0,01;

b, =0,014; b, =0,012; b, =0112.

Variance S of reproduction is determined by the re-
sults of research in the center of the plan. Variances that
characterize errors in determining coefficients of regression
equation, according to [16] at k=4 are:

— for SVC:

52{b,}=0,0526; S*{h,}=0,0299;

$*{b,}=0386; §*{b,}=0288;

— for SBC:

$%{b,}=0,0629; $*{b,}=0358;

$*{b,}=0464; 5*{b,}=0,0345.

After checking coefficients by the Student criterion
(at 5 % level of significance and number of degree of free-
dom f=5), it was found that coefficients bs; b14; b11; bas
(for SVC) and bs; by4; biy; bas; bss (for SBC) are smaller
that confidence interval, that is why they can be recog-
nized as statistically insignificant and excluded from the
model (2).

After substituting the found coefficients in equation (2),
we will obtain the following ratio:

— for SVC:

y=11-0,18-%,-0,13-%,+0,03-%, +
+0,16-%,-%,-0,06-%,- %, —0,11-%, - &, —

-0,06-%, %, —0,18-%,- &, +0,034- ¥ +0,34- XJ; 4)
— for SBC:

y=111-0,2-% —0,13-%,+0,04- %, +
+0,16-%,-%,-0,06-%,- %, -0,11-%,- &, —
~0,06- %, ¥, —0,18- &, - &, +0,112- &2, (5)
Verification of the hypothesis of adequacy of models (4)
and (5) by Fisher criterion at a 5 % level of significance
and the numbers of degrees of freedom of the adequacy
variance
fu=N-k —(n,-1)=31-14-(7-1)=11
and reproduction variance

f,=n,~1=7-1=6

showed that the resulting models are adequate, since the cal-
culation value of the criterion is lower that the tabular value

F,=284<F,(0,05116)=3,09 (for SVC)
and

E

cal

=2,45<F;(0,05;11;6)=3,09 (for SBC).

In equations (4)—(5) variable values &, %,, &,, &, are
encoded magnitudes:

_Q-15 . 5-450
0.5 30
. p=-0,45 _ ¢-50
= ; = s 6
BT 003 0 T 30 ©

where Q is the amount of filtered fluid, dm?; § is the thickness
of a paper filter, um; p is the density of a paper filter, g/cm?;
¢ — content of SVC/SBC, %.

For the convenience of calculations, mathematical model
(4), (5) will be transformed into natural magnitude:

— for SVC:

v1=-151-3,4-Q+0,04-8+36,4-p+
+0,08-¢+0,011-Q-6-4-Q-p—0,12-5-p—
-710°.8-¢=0,2-p-c+37,8-p* +3,7-107" - ¢*; @)
— for SBC:

V2=-22,4-3,4-Q+0,04-3+70-p+
+0,11-¢+0,011-Q-8-4-Q-p—0,12-8-p—
-710°.8-¢=0,2-p-c+1,2-107"-¢%, ®)

vl is the rate of filtering the treated water through SVC-
based FPM, dm?/cm?;

v2 is the rate of filtering the treated water through SBC-
based FPM, dm?/cm?.

Using mathematical models (7), (8), it is possible to
determine the rate of filtering at constant pressure of the



treated water and to select the necessary characteristics of
filtering paper materials to solve the relevant problems.

The dependence of the rate of filtering of the model ferric
chloride solution under pressure of 500 mm of water column
at percentage content of SVC or SBC in the paper-forming
mass of the studied samples is shown in Fig. 1,2.
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Fig. 1. Dependence of the rate of filtration through FPM on
SVC content: 1 —at Q=1dm?3; 2 — at =2 dm?
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. 2. Dependence of the rate of filtration through FPM on
SBC content: 1 — at @=1dm?; 2 — at Q=2 dm?
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The dependence of iron sorption of the model solution
(original concentration is 0.63+0.02 mg/dm?) on the per-
centage content of SVC or SBC in the paper-forming mass
of the samples is shown in Fig. 3, 4.
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Graphic dependences of filtration and sorption capabili-

ties of the FPM variants on their thickness and density are
shown in Fig. 5, 6 (for the SVC-based FPM) and Fig. 7, 8 (for
the SBC-based MPF).
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6. Discussion of results of studying the filtering paper
materials

Conducted research made it possible to identify the
dependence of filtering and sorption capabilities of filtering
paper materials on their compositional structure, thickness
and density.

The same character of the obtained curves (Fig. 1, 2) at
different amount of filtered water (Q) makes it possible to
separate the influences that are conditionally different by
nature on the rate of filtering through the studied samples
of filtering paper materials, specifically: those related to the
introduction of certain components to the composition of the
sample of filtering paper materials and those related to the
phenomenon of cellulose fibers’ swelling. From the stand-
point of modern science, in order to reduce the time and
number of observations, interpolation of patterns obtained
under the aggravated conditions, on the process in general is
quite acceptable. Thus, in terms of detecting the influence of
these components on the rate of filtering rather than the re-
sults of their interaction with the purified medium, the data
that are at the basis of plotting curve 1 are more significant,
while curve 2 can be considered the one that was changed by
the information noise. This statement is also clear and fair
for the other experimentally established dependences.

The analysis of the obtained data on physical and me-
chanical parameters of filtration and sorption characteris-
tics of the modified FPM made it possible to establish the
following:

—the control samples that included either sulfate
bleached cellulose, or only sulfite viscose cellulose, have the
best solidity characteristics in the wet state — 5.4 H and
4,0 H, respectively;

—the FPM samples from sulfite cellulose are charac-
terized by lower values of density, solidity in the wet state,
effectiveness of cleaning form iron ions, and by higher values
of the rate of filtering than similar samples from sulphate
cellulose;

— the use of CMC-LS and natural sorbent PAL in the
MPF composition leads to a decrease in density, solidity in
the wet state, an increase in the rate of filtering, however,
the value of effectiveness of cleaning from ions of iron Fe'3 is
higher for the variants based on sulfite cellulose;

— compositions of additives of phosphorus ester of cellu-
lose (FEC) are characterized by a decrease in density, solid-
ity in the wet state, a decrease in the rate of filtering for the
samples based on sulphate bleached cellulose, or an increase
for the samples based on sulfite cellulose;

— the best filtration ability is characteristic of the sam-
ples, the paper-forming composition of which includes 70 %
of phosphoric ester of cellulose and 30 % of sulfite viscose
cellulose (the rate of filtering is 6.6-7.5 dm?/cm? per min-
ute) or 70 % of carboxymethylcellulose low-substituted and
30 % of sulfate bleached cellulose (the rate of filtering is
1.1-5.0 dm?®/cm? per minute);

— introduction of FEC to the composition of the MPF
improves the effectiveness of iron ions’ sorption;

— the best sorption capacity in relation to iron is typical
of the samples, the composition of paper-forming compo-
nents of which includes 60 % of phosphoric ester of cellulose
and 40 % of sulfate bleached cellulose (81.2—100 %) or 50 %
of phosphoric ester of cellulose and 50 % of sulfite viscose
cellulose (62.6—92.3 %).

It was found that the samples with the highest density
and the lowest thickness and the samples with the lowest
density and the highest thickness have better filtration and
sorption capabilities than the samples with medium values
of density and thickness. This suggests that the filtering and
sorption characteristics are also influenced by the spatial
location of fibrous sorbents in the filtering layer of the FPM,
which may be associated with the phenomenon of cellulose
fibers’ swelling in the wet state.

Changes in characteristics of filtering paper materials
after swelling of cellulose fibers that are the part of their
composition should be taken into consideration in the tech-
nological regulations of operation for the devices on their
basis. The desirability of permanent pressure of the treated
fluid should also be taken into account, which is true for all
currently known water treatment devices.

The variants of filtering paper materials, first of all, 1.1
(as control samples); 1.4; 1.2 (as control samples); 2.4 are the
most promising for the further research.

7. Conclusions

1. Introduction of phosphorus ether of cellulose to the
composition of filtering paper materials changes their thick-
ness, density and solidity in the wet state. The nature of the
changes depends on the type of the cellulose base of the sam-
ples: sulfite viscose cellulose or sulfate bleached cellulose.
The samples, into the composition of which we introduced
about 40 % of phosphorus ester of cellulose have the optimal
combination of technological characteristics.

2. Introduction of the studied cellulose derivatives to
the composition of the modified filtering paper materials
leads to various influences on the filtration and sorption



capabilities of the samples, which primarily depends on the
type of their cellulose base. Swelling of cellulose fibers de-
creases the power of influence of the compositional structure
of the studied samples of filtering paper materials on their
filtration ability and increases its influence on their sorption
capacity. The use of the natural non-modified palygorskite
in the composition of filtering paper materials does not in-
creases their sorption capability and capacity in relation to
iron, due to which the use of natural clay sorbents without
their previous chemical modification can be considered in-
appropriate. The problem of expediency of modified natural
sorbents’ introduction to the composition of filtering paper
materials requires subsequent studying.

3. The developed mathematical models make it possible
to determine the rate of the filtration process at constant
pressure and concentration of contamination depending on

the consumption of filtered water, thickness, density and
compositional structure of filtering paper materials. Among
the studied parameters, the percentage content of sulfite vis-
cose cellulose or sulfate bleached cellulose in the paper-form-
ing mass of the studied samples and consumption of the
purified water have the highest force of influence at the rate
of the filtration process at constant pressure and contami-
nation concentration. The proposed mathematical models
make it possible to determine the necessary compositional
structure to receive the FPM with assigned properties.

4. During manufacturing filtering paper materials with
the necessary assigned properties and their use, it is neces-
sary to take into consideration the influence of swelling of
cellulose fibers on their production characteristics, which
must be displayed in technological regulations for operation
of devices on their basis.
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