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IIpedcmasneni pesyavmamu pos3poéxu xomno-
3UUIUH020 CKAA0Y NOBEPXHEBO-AKMUBHUX PeUO-
8uH 0151 Ni020MOBKU GABOBHAHO20 MPUKOMANCHO20
noJIOMHA HA 0CHOBI MEMOOY MAMEMAMUUHOZ0 NIA-
HYBAHHA eKCNEPUMEHMY — CUMNIEKC-Peuim1acmo-
20 naany Illegppe Opyeozo nopaoxy. Onmumizauis
MmamemamuuHux Mmooesei <CKJAA0-8JACMUBOCMI>
nposedena 3a 3MOUYIOU010 I MUI0OHOI0 30AMHICIIO
po3podnenoi xomnosuuii. Ompumana KoMno3uyis
n06ePXHe60-aKMUBHUX PeHOSUH 3ale3neuye ompu-
MAaHHS KANISPHOCMI MPUKOMANCHO0 Mamepiany
180 mm 3a 60 xe. i 36ivumenna cmynens Qixcauii
axmuenozo bapenuxa na 7,5 % npu nooanvuiomy
11020 papoysanni

Knwouosi caoea: mpurxomascne noaomuo,
no6epxXHe60-aKkmueHi pewosunu, nidzomosexa mpu-
KOMaicy, KOMNO3uUuisi n0BEPXHEB0-aAKMUBHUX PeUo-
eun, naan llegpgpe

=, u]

IIpedcmasnenvt pesyrvmamot paspaéomiu xom-
NO3UUUOHHO20 COCIMABA NOBEPXHOCHIHO-AKMUBHBIX
eeuecme 01 N0020MOBKU XJLONUAMOOYMAIHCHO-
20 MPUKOMAICHO20 NOJIOMHA HA OCHOGE Memooa
Mamemamuueckozo NIAHUPOBAHUSL IKCHEPUMEH-
ma — cumnaexc-pewemuamozo naana Ileppe emo-
po2o nopsaodka. Onmumuzayus MamemamuuecKux
Modenell «cocmas-ceolicmeas npogedeHa no cma-
yuearouel u Morwweu cnocoorHocmu paspaodo-
mannou xomnozuuyuu. Ionyuennas xomnozuuus
N06EPXHOCMHO-AKMUBHBIX 6eulecme obecneuusaem
nosyuenue KanuaaAPHOCHMU MPUKOMAI}CHO20 Mame-
puana 180 mm 3a 60 mun. u yeenuuenue cmenenu
Quxcayuu axmuenozo kpacumens na 7,5 % npu
nocaedyrouem e2o KpaueHuu

Kntoueevie cnosa: mpuxomajicmuoe noaommo,
N06EPXHOCMHO-AKMUBHbLE Geulecmed, no02omosKa
mpurxomanica, KoOMnRO3uUuUsL NOGEPXHOCMHO-AKMUG-
Holx eeujecme, naan Illeppe
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1. Introduction

Knitwear industry is the largest sector of world production
because knitted goods possess unique consumer properties.

Important components of chemical-engineering process
of the pretreatment of knitted fabric are textile auxilia-
ries (TA), whose application promotes the removal of oils,
fats, waxlike substances and solid contaminants. Therefore,
during the pretreatment of textile materials, there are a
number of significant problems: selection of efficient and
biodegradable surface-active surfactants (SAS); reduction
in the destructive impact of the bleaching agents and TA;
reduction in the volumes of water consumption and other
forms of material resources; search for new, more efficient
methods of pretreatment (biotechnology, treatment in the
medium of low-temperature plasma and others) [1].

However, TA used in the Ukrainian knitted industry do
not always ensure the required quality of the pretreatment
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of textile material, which subsequently affects negatively
the quality of dyeing. At present, international quality stan-
dards place high demands to the textile products, which is
predetermined by the need for creating and applying new
ecologically safe TA for the provision of contemporary level
of conducting technological processes, in particular, during
the pretreatment of knitted fabric [2].

Improvement in the quality of the produced goods in the
process of preliminary pretreatment of knitted fabrics is con-
nected to designing highly efficient technologies with the
use of new composition TA on the base of different classes
of SAS [3, 4]. The need to create such preparations is pre-
determined by complex physical-chemical character of the
treated material and by multistage nature of the processes of
its treatment. The formulation of such compositions include
the components that are compatible with each other, which
either act additively or synergistically at one stage of the
process or they are activated at its different stages.




The most widely used in the operations of pretreatment
are the SAS, which possess a set of properties (washing, dis-
persing, emulsifying, wetting, anti-breakable).

Unbleached linen is poorly wetted in the solutions as a
result of the presence of hydrophobic natural impurities and
greasing substances in the fibers, which leads to the reduc-
tion in capillarity of knitted fabric. The lowered capillarity
of textile materials hampers bleaching, dyeing, printing and
treatment of these materials in aqueous solutions, as well
as causes defects when conducting these processes (spots,
unevenness of dyeing and others).

The quality of the pretreatment of textile material also
influences to a considerable degree the result of its dyeing,
which must have increased wettability, capillarity, a capabil-
ity for swelling and perception of the molecules of dye.

Those preparations, which are used at the knitted enter-
prises of Ukraine for washing knitted fabrics, are character-
ized by significant cost and are frequently non-ecological. The
relevance of the work is defined by the need to seek and design
new efficient and economically sound composition prepara-
tions of SAS for the pretreatment of knitted fabrics [5-7].

2. Scientific literature analysis and the problem statement

In the production of knitted fabrics, with the purpose
of increasing operational stability of knitting machines, the
threads are treated with the greasing substances. The removal
of greasing substances, as well as natural substances associated
with cotton (nitrogen containing, pectic, waxlike substances,
sugars, ash and coloring substances), from the knitted fabrics in
the process of pretreatment presents great difficulties.

If technological and natural contaminants of cotton
knitted fabric are not removed completely or their resorption
occurs during washing, then this will lead to the reduction in
its capillary properties and, during subsequent dyeing, to the
incomplete dyeing in the places of contaminants deposition.

The studies [8] examined in detail the properties of SAS,
produced in Ukraine, and demonstrated the peculiarities of
the development of composition SAS for the treatment of
textile materials [9]. In the papers [10—12], the composition
for the pretreatment of cellulose-containing fabrics was de-
signed, based on efficient emulsifiers and moisteners, which
facilitate the removal of wax substances and remains of cu-
ticular film from the surface of cotton fiber.

In the work [13], the authors assessed a washing action
of a three-component mixture of SAS, based on determining
the parameters of washing action, and proposed a washing
formulation for cleaning woolen goods.

It was shown in the paper [14] that the binary mixtures
and complex multicomponent systems based on SAS possess
a higher wetting and washing capacity as compared to indi-
vidual SAS that are contained in the mixtures.

The authors of [15] selected optimum parameters for the
pretreatment of knitted fabric with the application of fer-
ments: pH, temperature, concentration of a ferment.

The researchers in the [16] experimentally studied syn-
ergism of different affinity of both the individual SAS and
those contained in the mixture. It was established that the
wetting properties of the mixture of SAS are higher than the
individual solutions of SAS.

The mixture of nonionogenic SAS with anionic SAS
were investigated in the paper [17]. The measurement of sur-
face tension was used for determining the values of CCMF

and other parameters of adsorption. It was established that
the formation of chain increases in the mixture of SAS.

The authors of [18] carried out studies of determining a
washing capacity depending on the structure of nonionogen-
ic and anion-active SAS on textile materials in non-aqueous
medium (perchlorethylene). It was established that the best
washing capacity is possessed by anion-active substanc-
es (alkylsulfates), which increase considerably a washing
capacity of the pure solvent; introduction of nonionogenic
hydrophilic groups to hydrocarbon radicals is accompanied
by the decrease in washing capacity.

Analysis of scientific and technical information testi-
fies to the lack of the purposeful and systematic studies in
Ukraine with regard to the development of preparations for
washing knitted fabrics. The Ukrainian knitted factories
(PAO “Trikotazhnaya fabrika “Roza”, Kiev, OOO “T-Style”,
Rovno) use washing imported preparations in the process
of pretreatment, which is not always economically efficient.

Taking into account a continuous growth in the pro-
duction of knitted fabrics and the goods made of them, it is
promising at present to search for and design new compo-
sitions of SAS and the technologies of pretreatment, which
will take into account peculiarities of the structure of knit-
ted fabric and of conducting the processes of its pretreatment
and which will make it possible to ensure improvement in
the quality of the obtained raw material with the efficiency
of technologies.

3. The purpose and objectives of the study

The purpose of this work was to develop composition
formulation of SAS for the pretreatment of knitted fabric by
the method of mathematical planning of the experiment and
to study efficiency of applying the designed composition in
the process of washing and its influence on the subsequent
dyeing of knitted fabric.

To achieve the set goal, the following tasks were to be
solved:

— to conduct optimization of single mathematical models
“composition- property” according to a series of selected ini-
tial parameters of optimization of the composition;

— to determine optimal composition of the SAS formu-
lation for pretreatment of knitted fabric by the Scheffe’s
simplex lattice method of the second order;

— to determine capillarity and dyeability of the knitted
fabric, prepared with the application of the designed compo-
sition of SAS.

4. Materials and methods of the study

We used SAS of different functional designation and chem-
ical composition (Table 1), as well as cotton knitted fabric,
article 1.170.(102)K.40.180 (95,2 % — cotton, 4,8 % — lycra)
(00O “T-Style”, Rovno, Ukraine).

Determining of wetting capacity of SAS was carried out
by the Draves immersion method, which involves alternating
immersion of the samples of knitted fabrics into prepared
aqueous solutions of SAS with subsequent recording of time
before their complete immersion [18].

For determining washing capacity of the examined SAS,
the samples of knitted fabric were weighed accurate to four
significant figures. Then the samples underwent boiling in



the aqueous solutions of the examined SAS (0,2-5 g/1) at
M=50, T=80 °C for 30 minutes with subsequent washing by
warm water and repeated determining of the mass.

Table 1
Characteristic of the examined SAS
Designation SAS class Chemical composition
. . Composition of
SAS 1 Nonionogenic nonionogenic SAS
Anionogenic/ | Liquid preparation on the base of
SAS 2 . ;
Nonionogenic polyether copolymer
Composition of derivatives of
. . fatty alcohols with
SAS 3 Anion-active alkanol and modified
methylpolysiloxanes
SAS 4 Nonionogenic A]kyl‘dlmejchyl—
amineoxide

Washing capacity of SAS was determined by the for-
mula:

x=Mimms) o0 )

my

where my is the mass of the sample before boiling, g; m, is the
mass of the sample after boiling, g [19].

For determining foaming capacity of the composition
of SAS and stability of the foam, 20 ml of the solution with
concentration 5 g/I at the temperature of 20 °C was put to
a graduated cylinder with capacity of 100 ml with a ground
stopper. The cylinder with the solution was then shaken
vigorously for 10 s. The volume of the formed foam was mea-
sured immediately after the shaking, as well as in 5, 10, 30
and 60 min [20].

The foaming capacity (F) and the stability of foam over
specific time (Y) were calculated by the formulas:
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where Vi is the volume of foam after shaking, ml; V is the ini-
tial volume of the solution, ml; V5 is the volume of foam after
specific time after shaking, ml [20].

Surface tension of the solutions was determined by the
du Noiiy ring method, which is based on determining the
force, necessary for detachment of the liquid, which wets the
ring of the radius R, from the surface of the liquid. The force,
necessary for lifting the ring, was determined with the aid of
the du Noiiy scale by the formula:

_ Ou,0 ¢X

q)nzo

: %)

X

where ¢, 0, is the force of lifting the ring from distilled
water and from the examined solution; o, is the surface
tension of distilled water [21-23].

Determining of capillarity of plain and prepared knitted
fabrics was carried out according to GOST 3816-81 “Textile
fabrics. Methods of determining hygroscopic and water-re-
pellent properties”.

Dyeing of the prepared fabric was performed by a peri-
odic way at temperature 60 °C, for 170 min with the use of
bifunctional active dye Auxicolor Red ARD 2B («Auxicol-
or», Spain).

Determining of the degree of fixation of the dye was
carried out based on the spectrophotometric analysis of the
initial dyeing solution, residual after dyeing of the solution
and wash baths. The degree of fixation DF, %, was calculated
by the formula [24]:
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where Dyge, is the optical density of the solution, residual
after dyeing; D, is the optical density of washing solution;
Dyt is the optical density of initial dyeing solution.

The optimum formulation of the SAS composition was
determined with the help of the Scheffe’s simplex lat-
tice method of the second order [25, 26].

5. Designing a SAS composition for the pretreatment of
knitted fabric by the method of mathematical planning

In the previously cited work [27], the washing and wet-
ting capacities of different classes of SAS were determined
and preparations that ensure optimum capillary properties
in the pretreatment of knitted fabric were selected based on
this. It was established that nonionogenic, anion-active SAS
have the best washing capacity while nonionogenic ones
possess the best wetting capacity.

For creating efficient washing formulation, it is neces-
sary to define their optimum ratio. Usually the formulation
of compositions is selected by empirical way based on the
results of trial washings or removal of the contamination, for
the washing of which this substance was created.

The most promising for designing multicomponent compo-
sitions is considered to be the use of methods of mathematical
planning of experiment, which make it possible to considerably
reduce the volume of experiment, exclude the need for a spatial
representation of complex surfaces because the properties of
compositions may be presented in the form of equations.

At present, for optimization of calculation of the formu-
lations of compositions based on the mathematical model
“composition-property”, the simplex lattice plans proposed
by Scheffe are the ones most widely applied [28].

In the study of properties of the mixture, which depend
only on the ratios of components, factor space is a correct
(q—1) — measured simplex. The following ration is fulfilled
for such systems:

X =1, (6)

i
i=1

where x;>0 is the concentration of component; q is the quan-
tity of components.

The Scheffe’s plans ensure the uniform spread of exper-
imental points on (q—1) — measured simplex. Experimental
points present {q, n} — lattice on the simplex, where n is the
degree of polynomial.

Since the designed composition will consist of four com-
ponents (q=4), then a correct simplex will be presented as a
tetrahedron, each apex of which corresponds to clean com-



ponents. Each edge of the tetrahedron is a two-component
system and the face — three-component. Each point inside the
tetrahedron corresponds to a four-component system (Fig. 1).

X1

Fig. 1. Correct simplex — tetrahedron of
a four-component system

Thus, component x; is absent from the edge x,, x5 and x4,
and along the sections of the tetrahedron, approaching the
apex xy, the content of the component x; increases.

Graphically this system is presented in the form of the
sections of a tetrahedron by the planes, perpendicular to one
of the axes. The formulation of a four-component mixture,
which lies at the plane of the section, is determined in this
case by a two-dimensional plane that it makes it possible to
present a change in the properties of the system in the form
of contour curves.

The rate of change in the properties of a multicomponent
formulation is characterized by the inclination of the magni-
tude of the expected response for the i-th component at the
point xi:

a=b0+b1x1, (7)
where
1 q it q W By
b0=_ qBi_zBi+zBli+zBij_2 — | 8)
q-1 i=1 i=1 jei+ iokst 4 — 1
b-i[i Y —iﬁ] )
' q-1)krmaa-1 S ! & '

For a q-component formulation, the expression (6) corre-
sponds to gradient of the (q—1)-th surface along the axis of
the i-th component [25].

The research was conducted in the local area of factor
space, which was limited above and below by the boundaries
of concentrations:

0,02<x;(SAS1)<0,5;
0,02<x,(SAS2)<0,5;
0,02<x3(SAS3)<0,1;

0,02<x,(SAS4)<0,35. (10)

L. e, the field of research represented a polygon with
eight apexes and sides, which was reduced to a simplex
with the number of apexes mn=q. Since a simplex-study is
small in comparison with the entire area of research, it is
necessary to make transition from the components x; to the
pseudo-components z;.

The Scheffe’s simplex lattice plan of the second order for
a four-component formulation is presented in Table 2.

Table 2

The Scheffe’s simplex lattice plan of the second order for a
four-component formulation

Ne of experiment | z; 7y 73 | 74 X4 X9 X3 X4

—_

1,00 (0,00 |0,00]0,00{0,500(0,130{0,020{0,350
0,00 (1,00]0,000,00{0,050/0,500{0,100|0,350
0,00{0,00|1,000,00{0,500|0,460{0,020|0,020
0,00{0,00/0,00 1,00 {0,500 (0,050 (0,100 (0,350

0,50 {0,5010,0010,00{0,275]0,315{0,060|0,350

0,50{0,00]0,50{0,00{0,500]0,275{0,020|0,185

0,50 {0,0010,000,50{0,500]0,090{0,060|0,350

0,00{0,5010,50{0,00{0,275]0,480{0,060|0,185

O |00 | N[ W] N

0,00{0,50]0,0010,50{0,275]0,275(0,100|0,350

[
(=]

0,00{0,00]0,50{0,50{0,500]0,255{0,060|0,185

1 0,2510,25/0,250,25 [0,388(0,285 (0,060 0,268

The properties of the composition formulation were eval-
uated according to a number of initial parameters Y;:

— the time of SAS wetting of knitted fabric, sec;

— washing capacity SAS of knitted fabric, %;

— surface tension of SAS, mN/m;

— foaming capacity of SAS, %;

— foam stability of SAS, %.

Each experiment was repeated twice. Results of the
study in the form of mean values of the initial parameters are
presented in Table 3.

Table 3

Value of the initial parameters according to
the Scheffe’s simplex lattice plan of the second order for
a four-component formulation

Ne of experiment | Tyet, sec| Tyash, %| o, mN/m | E% | Y, %
1 242,0 0,73 45,1 120 83,3
2 874,0 0,85 47,6 180 61,1
3 143,5 0,95 50,9 230 73,9
4 102,5 0,52 479 150 66,7
5 179,5 0,15 49,9 100 [100,0
6 917,0 0,34 52,2 100 {100,0
7 598,0 | 0,67 47,9 100 | 100,0
8 407 0,37 47,8 100 | 100,0
9 202,5 0,57 47,3 100 |100,0
10 328,5 0,64 51,7 150 66,7
11 132,5 0,47 491 180 61,1




Model of dependency of the time of wetting of knitted
fabric on the composition formulation:

Tywet.=242,021+874,029+143,525+102,524—
—1514,02,29+2897,02123+1703,0z1z4—
—407,029253—1143,0292,+822,02374. an

Model of dependency of washing capacity on the compo-
sition formulation:

Twash =0,7321+0,8529+0,9523+0,5224—
—2,567129+2,002123+0,18212,—2,122925—
~0,467974—0,382374. 12)

Model of dependency of surface tension on the composi-
tion formulation:

06=45,121+47,629+50,923+47,9z2,+
+14,42129+16,82123+5,72124,—5,92923—
*1,72224‘5‘9,52324. (13)

Model of dependency of foaming capacity on the compo-
sition formulation:

F=120,02,+180,0z5+230,0z5+150,0z4—
*200,02122*300,0Z1Z3*140,02124*
—420,02923—-260,0292,—160,0z324. (14)

Model of dependency of foam stability on the composi-
tion formulation:

Y=83,321+61,129+73,925+66,7z4+
+111,12122+85,52123+100,0Z1Z4+
+130,02923+144,5292,—14,42324. (15)

The availability of mathematical models makes it
possible to thoroughly examine the object or process of
study, namely: to conduct interpolation or extrapolation
of data, i. e., to forecast results, to carry out the ranking
of factors according to the degree of their influence, to ac-
complish optimization — to find the best variants from the
point of view of the set goals. In most cases, mathematical
models are used for optimization.

The studied process of treating knitted fabric is char-
acterized by the fact that for the full characteristic of the
formulation of SAS, it is necessary to have a number of
mathematical models, which characterize composition
by several output parameters (optimization criteria) in
complex.

Determining the optimum formulation of a composi-
tion comes down to optimization of the system of mathe-
matical models, each of which describes the selected prop-
erties of the compositions. In this case, the optimization
problem may be formulated as follows: to find in the area
of the allowed values of factors ©Q those values, for which
the output parameters take minimum or maximum values.
The output parameters are evaluated by the scalar opti-
mization criteria, which form the vector of efficiency:
Y=T,, T, . 0FY and they are connected by the depen-
dency Y=F(zi, z9, 23, z4) through the factors with a gener-
alized optimization criterion. This expression is the system
of mathematical equations, which must be optimized with
the limitations by the factors 0<z<1.

The system of equations can be represented as follows:

T

wet.

T

wash.

— min,
— max,

Y ={0 — min,

(16)
F — const,
Y — const.

As the calculations show, the joint solution to the
system for the obtained model “composition-properties”
is lacking (16). Consequently, for finding the optimum re-
sults, the system (16) must be slightly changed.

For obtaining reliable data on optimization of the SAS
composition formulation, it is necessary to conduct the opti-
mization of single models “composition-properties”.

From the point of view of the treatment of textile ma-
terial in the aqueous solutions of SAS, foaming and foam
stability influence the efficiency of the process by not more
than 10 % [28].

For efficient conducting of the process of treatment of
textile materials in the aqueous solutions of SAS, their sur-
face tension must be lower than the surface tension of water
by 20 units and amount to about 52 mN/m.

Results represented in Table 3 show that the values of the
surface tension of the compositions vary in the range from 45
to 52 mN/m. Therefore, these models can be excluded from
the optimization.

That is why, with the purpose of determining optimum
formulation of the composition, it is expedient to conduct
optimization of the models “composition-properties” by wet-
ting and washing capacities.

For the wetting capacity, it is necessary to determine the
optimum formulation of the composition at the minimum
values of the time of wetting:

Tyer—min, 0<z;<1. A7)

For the washing capacity, it is necessary to determine the
optimum formulation of the composition at the maximum
value of the degree of removal of contamination:

Tywash—max, 0<z;<1.

18)
Results of optimization are presented in Table 4.

Table 4

Optimization of mathematical models “composition-property”
that characterize wetting and washing capacity of
the composition

74 | 2y | 73 | 74 | Yopt
: Mathematical model of wetting capacity
Proposed 75 0198 T 03474 | 01541 | 03586 | 130
composition

Mathematical model of washing capacity
00117 | 03561 | 01413 | 03517 | 098

In Table 4, the values z; are presented in the form of
pseudo-components, whose values are expanded to the
entire diagram “composition-properties”, not in the local
section, i. e., they vary in the range from zero to one. For
finding natural values of the shares of components x; in the
local section, it is possible to use formulas of connection



between the natural variables and the pseudo-components
in the compositions.

The formulas for the transfer of one affine system to
another one:

7, =7 +X2(z(:_)1—zs)_1)+x3(zf_)1—ZS)_1)+...+XQ(ZE1“_)1—ZSL), 21)

where the values 7 are found at solving (q—1) system of
equations with the use of shares of components from the
system (10).
For the composition:
0,50Z{M+0,13Z®+0,02Z3+0,46Z;D=1;
0,05Z1M+0,50Z»+0,10Z;3+0,35ZD=0;
0,50Z1D+0,46Z,»+0,02Z,+0,02Z,D=0;

0,50Z1(V+0,05Z,+0,10Z,P+0,35Z,H=0; (22)

0,50Z5M+0,13Z5P+0,02Z,D+0,46Z,D=0;
0,05Z5M+0,50Z,®+0,10Z5>+0,35Z,D=1;
0,50Z5D+0,46Z53+0,02Z,>+0,02Z,H=0;

0,50Z5M+0,05Zy@+0,10Z5P+0,35Z,H=0; (23)

0,50Z5D+0,13Z5+0,02Z53+0,46Z5H=0;
0,05Z5D+0,50Z53+0,10Z53+0,35Z5H=0;
0,50Z5M+0,46Z53+0,02Z53+0,02Z5D=1;
0,50Z5D+0,05Z52+0,10Z53+0,35Z5H=0. (24)

Numerical values z;,® for the composition are presented
in Table 5.

~1,092+x,(1,129+1,092)+
+x3(—0,110+1,092) +x4(1,431+1,092)=0,3472;

~1,078+x5(1,078-1,078)+
+x5(~0,105+1,078)+x4(~1,665+1,078)=0,1541.

(25)

The solution of the system (25) gives:
x9=0,270; x3=0,097; x,=0,295.

We determine the xq value from the condition:
X1=1*X2*X3*X4, X1=0,342.

As aresult of calculations, we obtained the optimum val-
ues of natural components during optimization of the model
of wetting for the SAS composition:
x1=0,342; x»,=0,270; x3=0,097; x,=0,295.

The optimum values of natural components for the
models of wetting and washing capacities are presented in
Table 6.

Table 6

Values of natural components in the composition at
optimization of the model “composition-properties”

Xy | Xy | X3 | Xy | Yopt
Mathematical model of wetting capacity
0342 | 0270 | 0097 | 0295 | 130
Mathematical model of washing capacity
0338 | 0280 | 0092 | 0290 | 098

Proposed
composition

It is possible to highlight optimum formulation for the
proposed composition in mass fractions from Table 6:

X1 — from 0,338 to 0,342;

Xy — from 0,270 to 0,280;

x3— from 0,092 to 0,097;

x4 — from 0,290 to 0,295.

In making up the composition, it is necessary to adhere
to conditions of the formula (6): the sum of the shares of
components must equal one.

Based on the compositions given above, it is possible to
project various formulations. For example, it is possible to
propose the following composition (in mass fractions):

xq — 0,340;

X9 — 0,2757
x3—0,095;
x4 — 0,290.

After transfer to the mentioned values, we obtain opti-
mum formulation of the SAS composition (g/1):
SAS1=3,40; SAS2=2,75; SAS3=0,95; SAS4=2,90.

The application of this formulation ensures maximum
indicators of wetting (130 s) and washing capacity (0,98 %).

Table 5
Values z;) at solving the system (22)—(24)
7@ ~0,019 75D —1,092 25D 1,078
z® | 0019 | 7® 1,129 23 1,078
7® 1,221 7® ~0,110 75 -0,105
71 -0,319 75 1,431 2™ -1,665

Further, for the mathematical model (Table 5), it is
possible to write down the equations of relation between
the natural values of the shares of components and their
pseudo-components and to calculate the optimum values
of natural shares in the compositions, for example, for the
model of wetting:

~1,019+x5(—0,019+0,019)+
+x3(1,221+0,019) +x4(—0,319+0,019)=0,0128;

6. Study of the influence of the developed composition of
SAS on the capillarity of knitted fabric and its dyeability

For exploring the influence of the designed composition
on the quality of the pretreatment of knitted fabric, we car-
ried out a study of capillarity of the knitted fabric, pretreat-
ed by applying the developed formulation (proposed mode)
of concentration from 0,5 to 2 g/1 and under the conditions
of an enterprise (basic mode) (Fig. 2).

Results presented in Fig. 2 demonstrate that the applica-
tion of the developed composition of SAS provides reaching
high indicators of capillarity of knitted fabric. Thus, maximum



capillarity of the knitted fabric, pretreated in the basic mode, is
60 mm. The textile material, washed with the application of the
designed composition of SAS, capillarity of 60 mm is reached in
3 min while maximum one is 180 mm (at the concentration of
the developed SAS composition from 1,2 to 2,0 g/1).

The influence of the mode of pretreatment of knitted fab-
ric on its dyeability by an active dye was further determined.
Fig. 3 presents the results of determining the degree of fixa-
tion of the active dye Auxicolor Red ARD 2B of the knitted
fabric, prepared in the basic and designed modes.

200 T

Capiilarity, mm
—_ —_
= O
S S
\ \
I 1

W
(=]
.

T

1 3 5 10 20 30 60
Time of lifting the fluid, min

B Proposed mode, (0,5 g/1)
OProposed mode, (1,0 g/l)
B Proposed mode, (1,5 g/1)
OProposed mode, (2,0 g/l)

@ Basic mode

OProposed mode, (0,7 g/1)
B Proposed mode, (1,2 g/1)
B Proposed mode,(1,7 g/1)

Fig. 2. Study of capillary properties of knitted fabric,
pretreated by the basic and proposed mode
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Fig. 3. Determining the degree of fixation of dye at
the periodic method

Obtained results (Fig. 3) make it possible to conclude
that the SAS composition, developed for the pretreatment of
knitted fabric, provides obtaining high-quality coloration in
the subsequent process of dyeing the knitted material. This is
explained by the fact that the recommended SAS possess max-
imal wetting and washing capacity, which makes it possible to
efficiently remove hydrophobic impurities and contaminations
and they are characterized by minimal capacity to form foam,
which facilitates conducting and increases the rate of techno-
logical processes of pretreatment and subsequent dyeing.

Based on determining the influence of the developed
SAS composition on the capillarity of knitted fabric and
its dyeability, it is possible to draw a conclusion that the
proposed composition of SAS is most efficient at the concen-
tration of 1,2 g/I, an increase in the concentration of SAS
composition to 2 g/l insignificantly influences the indicators
of indicated parameters and it is not rational from the eco-
nomic point of view.

7. Conclusions

1. It was found that for the pretreatment of cotton knit-
ted fabric in the aqueous solutions of SAS, foam formation,
foam stability, surface tension have little influence on the ef-
ficiency of the process. The wetting and washing capacity of
SAS are the main indicators for optimization of composition
formulation. With the purpose of determining the optimum
formulation of composition, we carried out optimization of
mathematical models “composition-property” by the wetting
and washing SAS capacities.

2. The optimum formulation of SAS composition for the
pretreatment of cotton knitted fabric for dyeing (g/1) was de-
fined by the Scheffe’s simplex lattice plan of the second order:

SAS1=3,40;

SAS2=275;

SAS3=0,95;

SAS4=290.

3. Composition formulation of SAS, designed for the
pretreatment of knitted fabric, possesses maximal wetting
and washing capacity, as well as ensures obtaining high
quality coloring in the subsequent process of dyeing the
knitted material, which is confirmed by an increase in the
capillarity (by 3 times) and the degree of fixation of active
dye (by 7,5 %).
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