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Abstract: In this work we propose a new method of modifying cellulosic fiber to impart hydrophobic properties
by the formation of a thin continuous film on its surface. Grafting the film to the fiber is due to the formation
of covalent polar bonds between film and cellulose. Found that cellulosic material retains air permeability,
acquires increased resistance to abrasion, water-resistance and retains the aesthetic, operational and hygienic
properties. The advantage of the method is to reduce the heat treatment time of the material and using of the
minimum amount of sizing components, which allows to significantly reduce its production costs.
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INTRODUCTION The use of such chemicals in the finishing of textile

Imparting  hydrophobic  properties  to  textile for modification a cellulose fiber to impart chemical
materials is an actual problem in the global market [1-16]. resistance and abrasion resistance.
The hydrophobic textile materials also is used in Tolylene -2,4-diisocyanate and polyesters with
separating oil from water, in cleaning water from oil terminal OH-groups are also used in [13, 10]. In [14]
contaminations. Such scientific elaborations are carried oligoether chains and 2,4-TDI were applied. In
out abroad [8, 9]. The use of such materials is quite consequence of such treatment the surface of cellulose
expensive and not profitable as the imported product, fiber is modified, matrix links with fiber by covalent bonds
which is reflected in it cost and the total cost of the and hydrophobic properties are achieved.
treatment method. In [15], the authors use a polycaprolactone (PCL),

In this work we propose a new method of imparting phenyl isocyanate and 2,4- diisocyanate which are linked
hydrophobic properties to cellulosic textile materials by together and with cellulose by covalent bonds providing
forming  on  fiber  continuous  thin  film which protects resistance to various kinds of mechanical and chemical
the  fibers  from  abrasion  maintaining  air permeability. action.
A chemical reaction occurs by reacting the OH-groups of Thus, the problem of obtaining hydrophobic textile
cellulose with active highly reactive NCO-groups of the materials with improved consumer properties is relevant
diisocyanate and with terminated OH-groups of the and the creation of new coupling agents imparting water
polyethylene glycol. repellency properties and maintaining a positive qualities

For the first time the interaction of diisocyanates and of the original fiber and giving it new valuable properties,
compounds with two hydroxyl groups had carried by represents a great scientific and practical interest.
Lieser. As starting products he used tetraioctamethylene The proposed new method of hydrophobic finishing
diisocyanates and glycols such as 1,6-hexanediol and envisages modifying the fiber surface by forming onto it
polyhydroxyl compounds [17]. water  insoluble,  thin, continuous polymeric film which is

materials is widespread. In the work [12] they were used
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links with cellulose of fibers by covalent polar bonds. To research the interaction between cellulose and
After the treatment the material retains air permeability, sizing components the modified cellulose was
acquires resistance to abrasion, water-resistance and investigated by FTIR spectroscopy. FTIR spectra were
resistance to aqueous treatments. The time of heat obtained on a spectrometer FSM-1201 of LLC
treatment of the material is reduced and the minimum " pac e " (Russia) with a permission 1 cm .
number of components of the coupling agent is used Water-repellent and waterproof properties were
which reduces its first cost. checked by the method [18]. The air permeability was

MATERIALS AND METHODS general norms of air permeability [20]. The resistance to

Materials: Samples of bleached undressed cotton (100%)
fabric of costume group of Article 570 of size 20 cm x 20 RESULTS AND DISCUSSIONS
cm (surface density of 230±12 g/m ); tolylene -2,4-2

diisocyanate (2,4 -TDI) purchased from Sigma - Aldrich The main requirements to the hydrophobic
(Buchs, Switzerland); polyethylene glycol PEG (6000) compounds are their ability to form onto each fibers a
purchased from Biochemica, AppliChem GmbH continuous film and ability to provide the stability of the
(Darmstadt, Germany); perchlorethylene purchased from hydrophobicity effect due to a chemical bond with textile
JSC " OC-1" (Russia); distilled water. All of the material, or due to their insolubility in water [22].
reagents used in this study were of the highest purity and In the proposed method water-repellent ptoperties of
available. They were used as received. fabric are achieved due to formation of the continuous,

Experimental: The sample of fabric washed in distilled surface and protects the fiber from abrasion. The film
water and dried, was impregnated in aqueous solution of prevents penetration of moisture into the fiber. Interfiber
polyethylene glycol (PEG 6000) at the temperature of space remains open (Fig. 1), which provides maintenance
20–25°C, was squeezed using a laboratory mangle, of air permeability of fabric.
resulting in a wet-pick-up of ca. 90%. The fabric sample The formation of hydrophobic film on the surface of
was then dried in  an  oven  to  constant  weight.  After fibers prevents water to penetrate through the fabric and
that  it   was    impregnated   in   a  solution of tolylene-2,4- moisten textile material. Drops of water form spheres on
diisocyanate in an organic solvent, was squeezed with a the surface of the fabric and roll off its surface (Fig. 2).
wet-pick-up of ca. 90% and dried in an oven to constant After hydrophobic treatment the fabric remains
weight. After drying, the material is subjected to heat breathable  keeping   the   main    hygienic   properties.
treatment under a thermal press. Then the sample was The fabric acquires waterproof property, but to a certain
washed in distilled water at 40°C and 25°C and dried to value, because interfiber space remains open, which is
constant weight. conformed with the work [23].

Research Methods: The surface of the fabrics and fibers restructuring  of  functional  OH  groups  of  cellulose.
were observed using field emission scanning electron Due  to the  presence  of  highly reactive isocyanate
microscopy (FE-SEM, JEOL 7500F, Japan). NCO-groups  at   the   end   of   the  molecule  of  tolylene-

1

determined by the method [19] and compared with the

abrasion was determined by the method [21].

thin, resilient film on a fiber. The film smoothes the fiber

Modification of cellulose fibers occurs due to the

Fig. 1: SEM images of the open structure of cotton fabrics: a) before treatment, b) after the treatment with PEG (6000)
and 2,4-TDI
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Fig. 2: The form of water drop on the surface of cotton fabric treated with PEG ( 6000 ) and 2,4 -TDI

2,4-diisocyanate, it becomes possible to obtain high groups of the diisocyanate and hydroxyl groups of
molecular weight polymers by reacting tolylene-2,4- cellulose and polyethylene glycol. Ability of NCO-groups
diisocyanate with compounds containing labile hydrogen to reactive with cellulose is considered in [15, 16, 24] and
atom. The reaction of cellulose of a fiber with tolylene-2,4- with polyethylene glycol in [13].
diisocyanate and polyethylene glycol proceeds with General view of the reaction between the PEG (6000),
formation of  urethane  groups by  interaction  of  reactive 2,4-TDI and the fiber may be represented as follows:

At  the  interaction  of   tolylene-2,4-diisocyanate with In the FTIR spectra of modified cellulose the minor
polyethylene glycol and cellulose of a fiber the reaction changes are observed, indicating the process of "soft"
proceeds without a catalyst at  a  high  temperature of modification, in which the intramolecular bonds of
heat treatment. In the uncatalyzed reaction, [25], the cellulose are not destroyed. In the FTIR spectrum of the
isocyanate group of tolylene-2,4-diisocyanate in position untreated cellulose of fiber (Fig. 4, spectrum a) the
4 (para position) of the aromatic ring from 7 to 11 times is absorption bands at 1360 cm , corresponding to
more active than the isocyanate group in the position 2 vibrations of the ether bond C–O–C, at 1480-1500 cm ,
(ortho position). corresponding to vibrations of –C  bond and –C

Thus the interaction of 2,4 -TDI with polyethylene bondinthe alicyclic ring of cellulose, bands at 2853 cm ,
glycol and the fiber occurs  by  reaction  of  the 2926 cm , 2980 cm , corresponding to the vibrations
isocyanate group in position 4 (para position) of the –C and –C  bonds and a broad absorption band at
aromatic ring of 2,4-TDI with the OH-groups of the PEG or 3100-3700 cm , which characterizes the vibrations of OH
of a cellulosic fiber. Next, the isocyanate group at the bond, are maintained in the FTIR spectrum of the modified
position 2 (ortho position) is also reacted with the OH- cellulose of fiber (Fig. 4, spectrum b).
groups of the PEG or of a cellulosic fiber, which leads to The values of the frequencies of the C–C, C–O, C–
the crosslinking of components and the formation of of macromolecules of cellulose coincide with the values of
polyurethane. the frequencies of the C–C, C–O, C–  of modifying

Thus the modification of the fiber surface occurs by agents (Figs. 5 and 6), so in the spectra of the modified
the way of forming a water-insoluble thin continuous film cellulose there is the imposition of absorption bands.
(Fig. 3, b). Therefore,  we  evaluated  changes  in the intensity of the
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Fig. 3: SEM images of the surface of cotton fibers: a) before treatment; b) after treatment with PEG (6000) and 2,4-TDI

Fig. 4: FTIR spectra of untreated (a) and modified (b) cellulose of fiber

Fig. 5: The FTIR spectrum of 2,4-TDI

Fig. 6: The FTIR spectrum of PEG (6000)
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Table 1: Indicators of air permeability of treated fabric samples

Air permeability, dm /m *C3 2

-------------------------------------------------------------------
The heat treatment temperature, °C
-------------------------------------------------------------------

Name of the coupling agent Concentration of PEG, g/l Concentration of 2,4-TDI, g/l 120°C 150°C 180°C

Composition I 5 6 55,9 56,0 56,0
Composition II 5 18 55,2 55,7 55,4
Composition III 5 30 53,3 54,6 54,3
Composition IV 15 6 55,1 55,3 54,9
Composition V 15 18 53,0 54,1 53,8
Composition VI 15 30 52,3 53,5 52,9

Note: Norm of air permeability of fabric according to GOST 20359-74 is 20 dm /m ×C. The air permeability index of the untreated fabric is 56.3 dm /m ×C.3 2 3 2

corresponding peaks at the chemical modification of area 3700 – 3100 cm  becomes more intensive and wide.
cellulose. Comparing the FTIR spectra of the untreated (a) This is explained by the appearance of new bonds,
and modified (b) cellulose (Fig. 4), in the FTIR spectrum of particularly, in the area 3000 – 3100 cm  the intensity was
the modified cellulose we can see the increase of the increased and band was expanded  corresponding to
intensity of the peaks in the absorption bands shown bond =C–H, which is included in structure of the aromatic
above. This fact indicates an increase of the amount of compound (the aromatic ring of 2,4-TDI). The area of
molecular bonds due to molecules of PEG (6000) frequency in 3280–3300 cm   corresponds  to  the
containing C–O–C and –C  bonds (Fig. 6) and due to valence-related bond –NH; in 3400–3470 cm , 3400–35002

covalent polar bonds C–O between the PEG and 2,4-TDI cm  – to the valence-free bond –NH.
by  reacting OH  groups  of  PEG  with NCO- groups of The band in 2264 cm  corresponding to NCO group
2,4 -TDI which leads to the formation of urethane group of 2,4-TDI (Fig. 5) in the FTIR spectrum of the modified

. Covalent polar bond C–O is also formed cellulose is absent, which confirms the reaction between
between the 2,4-TDI and cellulose of fiber by reacting OH
groups of cellulose and NCO groups of 2,4-TDI, which
also leads to the formation of urethane group [15, 16].

The formation of urethane group is also confirmed by
the fact of sharp increase of relative intensity of the
absorption band in 1643 cm , which corresponds to the1

presence of amino groups –NH. In the spectrum of
untreated cellulose the intensity of this band is small and
caused by the deformation vibrations of adsorbed water
molecules. In the FTIR spectrum of modified cellulose
there appears the band in 2146 cm  corresponding to the1

bond C=O, which is also is in the urethane group [26].
It is known [27, 28],  that  the  chemical  modification

of cellulose leads to changes in the area 3700 – 3100 cm .1

In the FTIR spectrum of modified cellulose the broad
absorption band in this area corresponds to valence
vibrations of hydroxyl groups included in the hydrogen
bonds. It is known [26, 16], that the hydrogen of the
hydroxyl group is  capable  to  form  hydrogen  bonds
with both the oxygen of OH group of  another  molecule
and other functional groups that is the electron donors.
The formation of hydrogen bond effects on the position
and shape of the  bands  of  valence  vibrations  of  OH.
In the FTIR spectrum of modified cellulose the band in

1

1

1

1

1

1

NCO groups of 2,4-TDI and hydroxyl groups of PEG and
cellulose of fiber forming urethane groups.

Due to the helical conformation as polyethylene
glycol molecules, so molecules of cellulose [29] the
urethane from 2,4-TDI and PEG (6000) is crosslinked with
cellulose fiber uniformly, orderly and tightly, which
provides uniform distribution of the film on the fiber.
Curing the polymer by a heat treatment at a high
temperature on the fiber surface there is formed the
multimolecular layer having a high adhesion to the fiber
and imparting water repellent properties to it. The polymer
is crosslinked densely with a fiber surface by covalent
polar bond, which provides stability of finishig to laundry
and dry cleaning.

Treated in this way cotton fabric acquires soft feel to
the touch, doesn’t get heavier, it becomes hydrophobic
and maintains air permeability (Table 1).

With the gradual increase of the components
concentration and increase the heat treatment temperature
there is observed improvement of water-resistant
properties of fabric (Table 2).

With the increase of the components concentration
(Table 3) the improvement of resistance to abrasion is
observed.
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Table 2: Indicators of water-resistant property of treated fabric samples

Water-resistance, mm of water column

-------------------------------------------------------------------

The heat treatment temperature, °C

-------------------------------------------------------------------

Name of the coupling agent Concentration of PEG, g/l Concentration of 2,4-TDI, g/l 120°C 150°C 180°C

Composition I 5 6 100 100 120

Composition II 5 18 110 120 140

Composition III 5 30 115 135 145

Composition IV 15 6 130 130 130

Composition V 15 18 140 150 160

Composition VI 15 30 150 160 170

Note: The water-resistance index of untreated fabric is 0 (zero) mm of water column.

Table 3: Indicators of resistance to abrasion of treated fabric samples

The number of cycles for failure the sample

-------------------------------------------------------------------

The heat treatment temperature, °C

-------------------------------------------------------------------

Name of the coupling agent Concentration of PEG, g/l Concentration of 2,4-TDI, g/l 120°C 150°C 180°C

Composition I 5 6 321 359 347

Composition II 5 18 343 381 352

Composition III 5 30 398 436 400

Composition IV 15 6 337 386 361

Composition V 15 18 381 425 398

Composition VI 15 30 448 483 462

Note: The abrasion resistance index of untreated fabric is 310 cycles.

CONCLUSION The developed method can be used in dry cleaning

The proposed new method provides the high effective hydrophobic compounds is considered as a
hydrophobization of material  maintaining  air priority, allowing:
permeability. It reduces the time of the  heat  treatment.
The treated fabric acquires increased resistance to To restore and develop services for water-repellency
abrasion, water-resistance and resistance to aqueous treatment of garments of costume and overcoat
treatments. Use the minimum number of the sizing assortment, faux fur garments in aquatic and organic
components reduces the prime cost. solvents;

The influence of the components concentration of To develop services of applying the water-repellent
the impregnating bath and heat treatment mode were treatment of special clothing.
studied. The treated material acquires water-resistant
properties. Indicators of resistance to abrasion are ACKNOWLEDGEMENTS
increased 1.5 times. Treated cotton fabric does not
become rigid, heavier, it has a nice fretboard to the touch. This research was supported by the Ministry of

The FTIR spectra confirm the appearance of new Education and Science of the  Republic  of  Kazakhstan
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for treatment of finished garments. The application of
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