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Abstract. The possibility of surface activation of
polyethylene terephthalate materials due to their weak
alkaline hydrolysis which does not cause weakening of
the fibrous material has been shown. The activation has
the positive effect on the functional products application
on polyester material surface. It has been shown that
during weak surface hydrolysis the initially smooth
surface of PET becomes rough (at nanoscale level) that
increases adhesion of functional products for polyester
material.

Keywords. polyester materials, akaline hydrolysis,
chemical activation.

1. Introduction

One of the promising ways to create textiles with
special consumer featuresis the formation of filaments on
the surface of ultra-thin layer of functional products. For
their strong fixation on the fibrous material it must be
installed on the surface of chemically active groups.
Fibers based on PET virtually have not such groups (there
is only a very small number of terminal hydroxyls and
carboxyls). However, it is known that PET in the presence
of alkali metal hydroxides, which act as catalysts for ester
hydrolysis reactions and the reaction of akaline
hydrolysis, initially occurs in the outer area of the fiber [1-
3]. As a result, on the surface of the PET material the
hydroxyl and carboxyl groups are formed (Fig. 1).

Alkaline hydrolysis of PET material has been
popular in the finishing treatment of the textile industry
during 1980-1990 and was used to make synthetic
materials with silk-like properties. However, the literature
indicates that the positive effect due to hydrolysis of the
polymer (superior neck, high hydrophilicity, low
electrified, improved colorability) is achieved only when

the massloss of fibrous materia isat least 10-30 % [1, 2].
Asaresult the breaking load of fiber decreases. [2].
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Fig. 1. Alkaline hydrolysis reaction of PET material

Significant weight lossis related to the fact that the
improvement in the fiber is largely determined by its
morphology. After the exposure of sodium hydroxide
micro relief of polyester fibers surface usually gets fossa
etching, the size and number of which are determined by
the intensity of treatment [1, 4]. We suggest that the
formation of active chemical groups on the surface of PET
fibers can be achieved under hydrolysis milder conditions.

2. Experimental

The PET fiber was treated with agueous solutions
of sodium hydroxide (concentration in range 0.0125—
1.5 mal/l) at the boiling point. The process duration varied
from 5 to 20 min. The qualitative observation and
identification of new surface groups were recorded using
the infrared spectra (ATR-FTIR method). Quantitative
determination of localized surface active groups was
conducted by two methods.

Titrimetric method of the surface carboxyl groups
calculating was described previoudly [5]. The method is
based on the interaction of the carboxyl groups with
calcium acetate. The exchange reaction leads to free acetic
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acid alocation which can be titrated. Titrated against
0.01 M sodium hydroxide was used for solution titration
in the presence of a mixed indicator consisting of thymoal
blue and cresol red. It is necessary to note that due to the
low content of carboxyl groups on the fibrous material
surface a very small amount of acetic acid was formed.
Therewith the acetic acid is generated in the presence of
large amounts of water so it is strongly diluted. Due to a
low sensitivity of the titrimetric method, it was applied
only for the approximate estimation of the quantitative
content of carboxyl groups on the surface.

The colorimetric method for determination of the
surface hydroxyl groups concentration was devel oped for
PET films [6]. We adapted this method for the fiber
material surface study. The method is based on the ability
of active dichlortriazine dyes to form a covalent bond with
the hydroxyl group of polyethylene terephthalate. The
coloring active dichlortriazine bright blue azoic dye was
used. Dyeing of samples was performed by the standard
technology for active dyes with an index of “azoic dye’
[7]. The amount of dye fixed on the fiber was determined
by the differencein the color intensity of the modified and
unmodified PET fibers. The color intensity was estimated
from the color characteristics of the samples of coated
polyester material, which was determined using color
measurement complex, equipped with the program
“Colorist” (version 4.2.1994, '99, the authors
V. Pobedinsky, F. Teleginand I. Danilin).

Strength was estimated by the breaking load of the
processed yarn. It was measured by the tensile machine
TM-3-1, in accordance with standards.

3. Results and Discussion

3.1. PET Fiber Modification

by Treatment in Sodium Hydroxide
Solutions without and with Quaternary
Ammonium Salts

Fig. 2 shows fragments of the ATR-FTIR spectra
of PET films, untreated PET (1) and another one treated
with sodium hydroxide (2). The appearance of a band at
3200-3500 cm™ indicates that treated surface layer of
polymeric material has a significant additional number of
OH groups [8]. Among these groups there can be some
hydroxyls ones incoming the carboxyl groups. The change
of carboxyl groups which are localized on the surface of
PET material was determined by the titrimetric method.
As a result of the treatment process, the concentration of
carboxyl groups increased in 2.6 times after treatment in
sodium hydroxide solution (concentration 0.375 mol/l) at
the boiling temperature during 15 min (from 410" mol/kg
for raw polyester material to 10.4-10™* mol/kg).
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The new carboxyl groups are localized on the PET
surface and are available for interaction. Therefore, the
specific surface area was measured independently to
characterize the surface carboxyl group density. The
caculated values of the surface active groups
concentration were around 1.02-10° mol/n? for the initial
PET material and 2.66-10° mol/m? after modification.
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Fig. 2. Vibrational spectra of polyester film
(range 2700-3600 am™): untreated (initial) film (1) and film after
treatment by bailing in 0.0125 NaOH solution for 20 min (2)

The number of hydroxyl groups formed on the
surface of the PET material during the treatment process
was determined by the colorimetric method (Fig. 3).

Following the data presented in Fig. 3 the
processing of PET fiber material with sodium hydroxide
solution leads to an increase in concentration of surface
hydroxyl groups. The results obtained from the IR-spectra
of the PET (Fig. 2) indicate the surface localization of a
noti ceable amount of hydroxyl groups.
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Fig. 3. The concentration of surface OH groups on the PET
fibrous material after treatment using sodium hydroxide
concentrations of (moal/l): 0.0125 (1); 0.025 (2); 0.0375 (3);
0.125 (4); 0.25(5); 0.375(6); 0.5(7); 1 (8) and 1.5 (9)
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While comparing the concentrations of surface
hydroxyl and carboxyl groups derived from the treatment
process, it could be concluded that they are nearly the same.
For example, after treatment of the initial PET material by
0.375M NaOH solution for 15 min, the surface hydroxyl
and carboxyl concentrations ae increased to
2.79-10° mol/m? and 2.66:10° mol/n?, respectively. This
conformity corroborates the hydrolyss mechanism,
resulting in the formation of the equal number of hydroxyl
and carboxyl groups (as shown in Fig. 1). Since the
colorimetric method alows to analyze severa samples at
the sametimeit was used in seria experiments.

It should be noted that in current experiment the
NaOH concentration differs by more than hundred times,
but the most significant difference between the numbers
of active groups formed is only ~ 40 %. The maximum
value was recorded during 10-15 min of the treatment
process. Processing of PET material with 0.125 M NaOH
solution leads to the formation of the greatest number of
the surface hydroxyl groups (Table 1).

Considering the available literature data on the
mechanism and kinetics of akaline hydrolysis of PET
fiber materials [1-3], we assume that if NaOH
concentration is more than 0.1 moal/l, the hydrolysis is
enough intensive for the formation of appreciable amounts
of hydroxyl and carboxyl groups on the fiber surface. In
contrast, when NaOH concentration is above 0.5 mol/l the
so-caled “etching” of the fibrous material surface
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appeared. It israpid and intense degradation of the surface
layers of polymer material with the formation of low
molecular weight hydrolysis products (oligomers and
terephthalic acid, ethylene glycol), passing into the
solution. Thus, most of the reactive functional groups are
removed from the surface. Perhaps in a higher
concentration they are present in the field of micro-cracks
and defects of the fiber, where the penetration of the
reagent, accompanied by the formation of micro cavities
is deeper. The etching of the fibers most inevitably leads
to a decrease in the thickness of the fiber and,
consequently surface, reducing the breaking load. This is
confirmed by the data given in Table 2.

Presented data indicate a decrease in the strength of
the PET material with increasng duration time of
treatment and the concentration of sodium hydroxide
solution. In  the most corrosive  environment
(concentration of sodium hydroxide — 1.5 mol/l) after
20 min the tensile strength of PET material is reduced by
15 %. At the treatment of PET materia by 0.125-0.375 M
NaOH the breaking load of yarn remains at the amost
initial level. Changes in weight of polyethylene fibersin a
process of treatment are shown in Table 3. From the data
it could be stated that the maximum weight loss of PET
fiber material treated for 20 min with a sodium hydroxide
solution (concentration of 0.375 moal/l) is only 1.2 %.
Therefore, it could be concluded that there is no strong
degradation of PET fibers under these conditions.

Table 1

Concentration of surface OH groups after treatment process using different concentr ations of NaOH
for 15 min at boiling

NaOH concentration, mol/| 0.0125 0.025 0.0375 0.125 0.25 0.375 0.5 1 15
Concentration of S ) S S S =) =) S 2
surface OH groups, mol/m? Q 3 & 5 5 2 3 © &
AN AN AN ™ AN N AN AN N
Table 2
The breaking load (cN) of the PET yar n after treatment by boiling in NaOH solutions
Treatment
time, min
Concentration, 10 5 20
mol/l
0.0125 1200+78 1183+63 1194493
0.0250 1206186 1210+77 1193481
0.0375 1161+69 1164482 1159+90
0.1250 1173487 1239+111 1135+100
0.2500 1122+75 1142+110 1151+103
0.3750 1134+86 1128+116 1130+74
0.5000 1089+152 1107483 1094485
1.0000 1061+87 1074+£101 1016+70
1.5000 1060+89 1045+104 1000+78
Breaking load of untreated yarn 1180+115 centi-Newton (cN)
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Table 3
The weight loss (%) of the PET yar n after treatment by boilingin NaOH solutions
Treatment time, min 0.125 moal/l 0.25 mol/I 0.375 moal/I 0.5 mol/l
10 0.18 04 0.85 0.91
15 0.44 0.82 1.20 125
20 0.28 0.88 1.20 1.68

Summarizing the above data, it should be stated
that after treatment of PET fiber material using
0.25-0.375 M sodium hydroxide solutions for 10-15 min
the new functional groups appeared on the surface. The
tensile strength of fibrous material remains practically
unchanged.

The presence of active groups can be used for
fixation of functiona agent that provides fiber materias
imparting special properties. The assumption of increasing
the degree of agent fixation on the surface of PET fiber
meaterials after aweak surface hydrolysis was verified in the
test experiment. The polyester fabric, treated by sodium
hydroxide, was loaded into the solution of specificdly
synthesized phthal ocyanine pigment which has a deodorant
action. This sample had bright color. That is why the
adhesion is easy to estimate on the amount of the sample,
which can be determined by the colorimetric method. The
treated sample has much more intense color than the
untrested one.

It is known that quaternary ammonium compounds
(QAC) may be used as a phase transfer catalyst-carrier [9-
11].Their use can dgnificantly reduce the concentration of
alkai in the solution. The catalytic properties of QAC are
shown nat only in the strong akaline, but dso in a dight
adkaine medium [10, 11]. The posshility of surface
activation of PET material was evaluated by using a dilute
solution of sodium hydroxide with the addition of
compounds based on QAC using a commercia product of
“IvhimprionT’, (Ivanovo, Russia). For the treatment of PET
materias by 0.025 M NaOH with the addition of “akamon
0S-2", “dkamon OS-3", “dkamon NP’ and “ triamon” were
used. The “triamon” is a cationic compound based on tris(2-
hydroxyethyl)methyl ammonium methyl sulfate, the
“dkamon” is a composition of cationic (methyl ammonium
methyl sulfate derivatives) and non-ionic agents. The QAC
concentration was up to 1 g/l. The process was carried out at
the bailing temperature for 15 min.

The results in Fig. 4 show that “akamon”
compounds are more effective than “triamon” ones
catalyzing the hydrolysis. Apparently, the nonionic
component of alkamons induces dispersing of low
molecular weight products (cyclic oligomers of PET [10,
11]) in an agueous bath. This avoids the blocking of
polymer surface active groups. The maximum content of
surface hydroxyl groups is achieved at the concentration
of compounds based on QAC equal to 0.5 g/l. The
breaking load (Table 4) and weight loss (Table 5) of PET
material after the treatment are also measured. It could be
noticed from the data presented in Table 4 that the
breaking loads are inversely proportional to the QAS
concentration. These data are in consistent with the
published data on the mechanism of QAS action [9, 10].
Namely: hydrolysis of fibrous PET material is greatly
enhanced in the areas of QAC sorption due to the
formation of defects. This phenomenon reduces the
strength of the fibrous material reducing its strength. In
this case, thereisalso the loss of fibrous material mass.
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Fig. 4. The concentration of surface OH groups on the PET
fibrous material after treatment by boiling in 0.025 M NaOH
with the addition of QAC for 15 min

Table4
The breaking load (cN) of PET yar n after treatment
by boiling in 0.025M NaOH with the addition of QAC for 15 min

QAC concentration, g/l Alkamon OS-2 Alkamon OS-3 Alkamon NP Triamon

0.1 - - - 1190+101

0.3 1205+100 1150+93 1151+76 1180+83

0.5 - - - 1160+82

0.6 1142+93 1141+79 1107+92 -

0.9 1100+77 1130+93 1070471 1146472

The breaking load of PET yarn after treatment by boiling in 0.025 M NaOH is 1210+77 cN
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Table5
Theweight loss (%) of PET yarn after treatment
by boiling in 0.025M NaOH with the addition of QAC for 15 min
QAC concentration, g/l Alkamon OS-2 Alkamon OS-3 Alkamon NP Triamon
0.3 0.35 0.37 0.2 0
0.6 1.04 0.54 0.69 0
0.9 121 043 0.88 0

The strength of fibrous material decreases using
QAC; that iswhy it s better to use sodium hydroxide with
the concentration of 0.125-0.25 moal/l at the boiling point
for 1015 min.

3.2. Modification of Polyethylene
Terephthalate Fibers with Agqueous
Solutions of Ammonia and Amides

Strong hydrolysis effect on PET was obtained by
the addition of a concentrated agueous solution of
ammonia [12], while the diluted solutions hydrolyzed the
surface localized PET oligomers [13, 14]. Consequently, it
could be assumed that the presence of an optimum amount
of ammonia may provide a weak surface hydrolysis of
PET fiber without reducing its strength. The PET fiber
material was treated in agueous solutions of ammonia in
the concentration range of 0.01-1.15 mol/l at the boiling
temperature for 10-20 min to determine the optimum
process conditions under which the maximum number of
hydroxyl groups would not lose strength. The surface
concentrations of OH groups on the treated PET fiber are

showninFig. 5.
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Fig. 5. The surface concentration of OH group on the PET
fibrous material after treatment by boiling in aqueous solutions
of ammoniafor: 10 (1); 15 (2) and 20 (3) min

Comparative analyss of Fig. 3 and Fig. 5 shows
that more OH groups are produced on the surface of the
PET in the presence of ammonia than those in the
presence of sodium hydroxide of the same molar

concentration, i.e. aqueous ammonia is a more effective
catayst for the hydrolysis of PET material. Fig. 4 also
shows that with the increase of ammonia concentration
from 0.1 to 0.9 mol/l the number of formed OH groupsis
almost unchanged. The increase in processing time from
10 to 20 min has also a negligible effect on the OH group
surface concentration.

The data in Table 5 show that changes in PET
filament breaking load due to the treatment process using
ammonia solutions are within experimental error, i.e.
directed hydrolysis does not adversely affect the strength
characteristics of the treated yarn.

Tableb

The breaking load of PET yarn after treatment by
boiling aqueous solutions of ammonia

Treatment 0.3 mol/l
time, min
10 1123+83
15 1184+130 | 12344137 | 1217479 | 1210+139
20 1161+76 | 1159+106 | 1156+137 | 1192+88
Breaking load of untreated yarn is 1180+115 cN

0.6 mol/l
1148+114

0.9 mol/l
1171+124

1.2 mol/l
1222+112

The comparative analysis of the data in Tables 1
and 5 shows that in the case of processing PET yarns with
sodium hydroxide breaking load of the thread remains at
the original level by using a solution of the optimal
concentration (0.125-0.25 mal/l). In the case of treatment
by aqueous solutions of ammonia, the strength is not
changed throughout the investigated concentration range
(0.01-1.15 mol/l). Apparently, the presence of ammonia,
in contrast to sodium hydroxide, eliminates forming the
deeper cracksand micro cavities by surface“etching’.

Since ammonia is highly fugitive and solutions
have a sharp unpleasant odor, the alternative processes
were suggested [15]. Therefore, in the present study the
effectiveness of carbamide and acetamide as modifying
agents was eval uated.

The highest concentration of carbamide
(0.33 mal/l) was chosen because two molecules of
ammonia are obtained during the thermal hydrolysis of
one carbamide molecule. It corresponds to the ammonia
concentration of 0.66 mol/l in the solution. The next point
was the fact that the concentration of ammonia in the
solution of ~ 0.1-0.2 mol/l was sufficient to obtain a high
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surface concentration of OH group (Fig. 5). Fig. 6 shows
that OH group surface concentrations are considerably
increased after the PET fiber treatment with aqueous
solution of carbamide. The high surface concentration of
hydroxyl groups is formed after treatment for 15-20 min
by the solution with carbamide concentration of 0.05—
0.1 mal/l. Under such conditions the surface concentration
of OH approximately in 1.4 times higher than that after
treatment with ammonia solutions. Consequently, it could
be reported that the mechanism of PET carbamide
hydrolysis intensification is not limited to the catalytic
effect of ammonia released by carbamide when heated.
The results of PET fibers treatment using
acetamide and carbamide in different concentrations are
present in Figs. 7a and b. As follows from the data
presented in Fig. 7 the surface concentration of OH groups
on the PET fiber is significantly higher when using
carbamide. It could be dtated that the thermal
decomposition of carbamide leads not only to the PET
material surface hydrolysis by formed ammonia but also
to the possible aminolysis of PET surface [12]. The
JED-2300 Energy Dispersive X-ray Analyzer was used to
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study the surface of PET fiber material treated with a
carbamide solution. The results are shown in Fig. 8. The
surface concentration of the elements C, N, and O are
measured by this method and presented in Table 6.

1—m— 10 min.
2=—0— 15 min.
3 —4— 20 min.

0

2

surface concentration , mol/m'

T T
0.0 0.1 0.2 0.3

carbamide concentration, mol/l

Fig. 6. The concentration of surface OH groups on the PET
fibrous material after treatment by boiling in carbamide aqueous
solutions for: 10 (1); 15 (2) and 20 (3) min
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Fig. 7. The concentration of surface OH groups on the PET fibrous material after treatment by boiling in agueous solutions of
carbamide and acetamide for 15 min: vstheinitial amides concentration (&) and vs. the concentration of ammonia formed due to the
thermal decomposition of amides (b)
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Fig. 8. The results of energy dispersive analysis
of PET fabric treated by a carbamide solution of concentration
0.05 mal/l for 15 min
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b)

Fig. 9. The scanning dectron micrascopy images of PET fibers treated with 0.05 M carbamide solution
for 15 min at boiling point. Magnification of 1100x (a) and 5000x (b)
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Fig. 10. Phase contrast images of PET film (size 5x5 um) (AFM): initial (8) and treated for 15 min with asolution
of carbamide concentration of 0.05 mol/l (b)

The elemental analysis shows that the great surface
concentration of nitrogen for treated PET fabric confirms
our assumption. The most likely mechanism for the
formation of surface groups, in our opinion is the
exchange reaction of carbamide with PET, and further
hydrolysis of obtained products.

The measured breaking load of PET fabrics treated
with solutions of different concentrations of carbamide is
shown in Table 7. The presented bresking load values of
PET fibers suggest that the processing with carbamide solu-
tions does not alter its mechanica strength. The comparison
of PET fiber surface modifications using sodium hydroxide,
ammonia and carbamide shows that the addition of carba-
mide at concentration of 0.05-0.1 mal/l is most effective.

The presence of reactive groups on the surface of
fibrous material and the morphology of surface are very
important for technological application. In particular, the
adhesion of compounds to a smooth fiber is significantly
lower than for a rough one. In this connection it is
interesting to assess the impact of carbamide solution on
the morphology of PET fibers. It is known that the
treatment of PET materials with solutions of sodium
hydroxide leads to the improvement of fiber tactile
characteristics due to roughness appearing [1, 4, 16]. The
treatment was carried out under hard conditions and
accompanied by the loss of weight and strength of the
material.
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Table6

The sur face concentr ation of the elementsC, N,
and O of PET fabric treated by a car bamide solution
of 0.05 mol/l concentration for 15 min

Element E, kev At, % Error, %
C 0.277 46.17 0.02
N 0.392 29.13 0.34
(@] 0.525 24.70 0.25
Table7

The breaking load (cN) of PET yar n after treatment
by boailing in aqueous solutions of carbamide

Trestment 0.05 0.017 0.25 0.33
time, min mol/l mol/l mol/l mol/l
10 11914120 | 11524100 | 1246+90 | 1208+77
15 12324104 | 1177+77 | 1210+98 | 1205+119
20 1213+114 | 1203+104 | 1184+137 | 1170+101
Bresking |cad of untreated yarnis 1180 + 115 cN

The images obtained by scanning electron
microscopy (Fig. 9) shows that PET fibers treated with a
solution of carbamide in the optimal mode (concentration
of 0.05 mol/l, duration 15 min) are smooth. At the same
time atomic force microscopy (Fig. 10) shows that the
surface structures with lateral length ~ 300 nm appear on
the treated PET film (b). These structures are apparently
associated with a local change in the chemical
composition of the surface.

3.3. Effect of Surface Modification
of PET Fabrics for their Antimicrobial
Finish

The hygienic protection of human is one of
important tasks for medicine, transport, military condition
etc. One way to perform this target is developing of textile
materials with biological activity [17]. In spite of the high
demand there is a limited range of such products on offer.
However it is better to use PET fiber materias for many
reasons. They are reatively cheap, have high durability,
dimensional dtability, aesthetic characteristics. Moreover,
they are widely used for clothing and linen sports and
medical applications[12].

PET materials have a good resistance to micro-
organisms [12], but some types of bacteria can grow on
the impurities that may appear on the surface. One of the
ways to improve the antimicrobia properties of materials
is fixing on the surface of a special compound which
imparts the required properties on the surface. However,

for PET based textile materials this approach is very
difficult, because there is a very small number of active
groups on the surface of PET fibers. The increase of
active groups’ surface concentration is needed for suitable
fixation of antimicrobial agents on the PET surface.

We have shown above that in the case of PET
fibrous material the formation of chemically active groups
in the PET surface layer can be achieved by controlled
hydrolysis. In our opinion, we can expand the range of
compositions for antimicrobial finishing of PET materials
due to oxygen-containing reactive groups formed on the
fiber surface. The good fixation will also contribute to
improvement of quality and durability of its antimicrobial
finish [18].

Preparation of antimicrobial finishing of PET
fabric was selected among non-migratory ones, since
biocide product must only be applied to the substrate
(textile material), and do not migrate to human skin,
causing allergic reactions to its action [19]. The most
popular products are non-migratory Sanitized T99-19 and
T25-25 Sanitized-Silver, produced by Swiss company
Sanitized AG (Sanitized AG), which is a world leader in
the development and production of biocide agents for
textile, leather, paper and plastics.

Sanitized T25-25-Silver (chloride of silver as an
active substance) is traditionally used for antimicrobial
finishing PET fabrics [19]. It is fixed on fabrics due to
intermolecular interaction.

As an dternative the low cost finishing agent
Sanitized T99-19 was considered for the permanent
finishing of cellulose fabrics. This composition is based
on the quaternary ammonium compound of silicon and
leads to antimicrobial and antifungal protection. It is not
harmful to humans and environment and it has high levels
of protection against micro-organisms and bacteria.

For antimicrobia finishing the PET fabric surfaces
were pre-treated by 0.05M carbamide solution during
15 min at the boiling point. Then the sample was washed
by distilled water and dried in air. After that the fabric was
modified in an agueous solution of antimicrobial agent
(concentration around 0.4 % by weight of fabric) during
5 min at boiling temperature. Then the modified sample
was washed by distilled water and dried in air again.

The biocide effect of Sanitized T99-19 modified
PET fabric was studied in the lvanovo State Medical
Academy. The Grampositive and Gram-negative
bacterial cultures. Saphylococcus aureus (S aureus —
Gram(+)) and Escherichia coli strain M-17 (E.coli -
Gram(-)) were tested. The antimicrobial finishing stability
after washing and dry friction [7] was also eval uated.

At the first stage the inhibition of microorganisms
growth (lysis zone) around the samples after 24 h of
incubation at 310 K was measured. In this test we observed
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the absence of inhibition zone around the samples. It should
be noted that it is typical for non-migratory agent, which
did nat diffuse into the culture medium. At the second stage
the simplified version of counting the microbiological test
ASTM E 2149 [20] was applied. This test is based on
counting the number of colonies produced into sdine
solution after 24 h contacting with grinded modified PET
fabric. Initia number of colonies was inserted as a
suspension. The number of colonies formed was eval uated
photometrically due to changes in turbidity (light
scattering) of the solution.

The results of Sanitized T99-19 application for
antimicrobial finishing of PET fabrics are given in Table
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8. According to the results presented in Table 8 the initial
fabric after antimicrobial finishing by Sanitized T99-19
does not demonstrate antimicrobial effect. The absence of
microbial activity of the initial fabric after antimicrobial
finishing shows that Sanitized T99-19 is not fixed on
inactivated surface. At the same time the fabric pre-treated
by 0.05M carbamide solution during 15 min after
antimicrobial finishing demonstrates excellent microbial
protection. Thus, it was found that pretreatment process
allows using Sanitized T99-19 for antimicrobial finishing
of PET fabric. Biocide effect is greatly effective against
Gram-positive bacteria (Table 8), i.e. it has high resistance
to wet and dry friction.

Table 8
ASTM E 2149 test of Sanitized T99-19 application for antimicrobial finishing of PET fabrics
Colonies growth, %
State of PET fabric .

E. coli S aureus
Initial fabric after antimicrobial finishing 28,5 215
Fabric pre-treated by 0.05 M carbamide solution during 15 min after antimicrobial finishing 0 0
Fabric pre-treated by 0.05 M carbamide solution during 15 min after antimicrobial finishing and dry 66 13
friction test ' '
Fabric pre-treated by 0.05 M carbamide solution during 15 min after antimicrobial finishing and 1 0
washing test

4. Conclusions

In this paper the special properties of textile
materials were obtained due to the surface fixation of
special compounds which impart the required properties.
In the case of PET the fixation of compounds is difficult
because the chemically active groups are practically
absence on the surface. To solve this problem the surface
localized hydrolysis was investigated using various
chemical reagents as process initiators. It was confirmed
that hydrolysis of the surface layer of fibrous PET
materials leads to carboxyl and hydroxyl groups
formation. By comparative analysis of the concentration
of surface OH groups after treatments it was shown that
the carbamide solutions at concentration of 0.05-0.1 mol/I
were the most effective for modification. These conditions
were suitable for the formation of oxygen- and nitrogen
containing groups on the surface without noticeable
changesin PET filament breaking load.

The pretreatment was applied for antimicrobial
finishing of PET fabrics using low cost non-migratory
agent Sanitized T99-19. Excdllent biocide effect against
Gram-positive and Gram-negative bacterial cultures of
finished fabric was stated. The textile material properties
were resistant to washing and relatively resistant to dry
friction.
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XIMIYHUI METO/] TOBEPXHEBOI AKTUBAIIII
BOJIOKHUCTHUX MATEPIAJIIB HA OCHOBI
MNOJIETUJIEHTEPE®TAJIATY (ITET)

Anomauisn. [loxazana Mosrciugicms nosepxuesoi axmusayii
noniemuieHmepemaiamHux — mMamepianie 3  BUKOPUCMAHHAM
cnabko2o  yJucHo20  2i0poni3y, AKULL He BUKIUKAE 3HUJICEHHS
MIYHOCMI  BONOKHUCTO20 Mmamepiany. Axmueayis NO3UMUBHO
6NIUBAE HA PE3YNIbINAMU HAHECEeHHs. HA NOBEPXHIO NONIemepHO20
BONIOKHUCMO20 — Mamepiany — (QYHKYIOHAIbHUX — npenapamis.
Tloxazano, wo 6 mnpoyeci cnabkoeo nogepxHegoeo 2ioponizy
nouamxoso 2naoxka nogepxua IET na6yseac wopoxosamocmi (na

HAHOPO3MIDHOMY — DI6HI), WO CHpusc  RiOBUWEHHIO  A02e3il
yHKYiOHAILHUX NPenapamie 00 NoiemepHO20 Mamepiary.
Knwuosi cnoea. noniecmepnuii  mamepian, nysiCHUU

2I0poni3, XIMIUHA aKMueayis.



