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The effect of conditions of preliminary preparation of methanesulfonate suspension
electrolyte used in electrodeposition of Ni-TiO, composites, on the aggregate stability of
the dispersed phase is studied. It has been found that increase in the electrolyte exposition
time prior to the dispersion analysis allows obtaining the equilibrium sizes of TiO, parti-
cles, whose radius is close to 1 um. It is shown that composition of the composites varies
with the coating thickness and reaches the constant value at thicknesses above 6 um. The
titanium dioxide content of the composite coatings increases with increasing the concen-
tration of TiO, in the suspension and decreasing the current density. Introduction of the
dispersed phase into nickel matrix enhances the internal stresses and microhardness of the
deposits, which is related with structural changes in the nickel matrix. X-ray studies
shows that crystallite size of the composite is slightly less than that of pure nickel. A
small refinement of the composite matrix grains and presence of the dispersed phase of
TiO, on their surface are recorded while. It has been revealed that photocatalytic activity
of the coatings correlates with the titanium dioxide content of the deposits.

Keywords: methanesulfonate electrolyte, Ni-TiO, composite, electrodeposition, photo-
catalytic activity, dispersed phase.

IIpoaHaan3upoBaHO BAWAHNE YCIOBUIA IOATOTOBKU CYCIEH3MOHHOI'O METAHCYIL(MOHATHOTO
BJIEKTPONUTA IJdA dieKTpoocamgenusa Kommosuros Ni—-TiO, Ha arperaruBHYIO yeTOHUMBOCTE AuMC-
mepcHO# (aspl. ¥ CTAHOBJIEHO, UTO YBEJAWYEHNEe BPEMEHH BBIIEPIKKN JJIEKTPOJIUTA IIepel IPoBe-
JeHreM IUCIIEPCHOHHOTO AHAJIM3a CIIOCOGCTBYET MOCTMMKEHUIO PABHOBECHBIX PA3MEPOB YACTHIL
TiO,, pagmyc Koropeix 6mm3ok K 1 MEm. IlokasaHo, 4To cocTap KOMIIOSHTOB H3MEHAETCHA IO
TOJIIIIMHE IIOKPBITUSA U JLOCTUrAeT IIOCTOSHHBIX SHAUEHHWN IPU TOJIIMHAX, IPEBHIIIAKIIUX 6
MrM. CozepixaHre IMOKCUIA TUTAHA B KOMIIOSUIIMOHHBIX IOKPBITUSAX BO3PACTAET C IIOBBHIMIEHN-
em KoumenTpanuu 1i0, B cycleHsNN U IPH CHUMKEHWM ILIOTHOCTH TOKA. BHenpenue mucnepcHoi
(asLl B HUKeIEeBYI0 MAaTPUILY MPUBOAUT K YBEJNUYEHUIO BHYTPEHHUX HANPKEHNN M MUKPOTBED-
OCTY OCATKOB, UTO CBS3AHO CO CTPYKTYPHLIMM M3MEHEHUSIMHU HHUKeJIeBON MaTpUILl. PeHTreHo-
CTPYKTYPHLIE MCCAEJOBAHNS IIOKA3AIN, UTO PasMep KPUCTAIINTOB KOMIIOSUTA HECKOILKO MEHb-
e, 4eM 4nCTOro Hukess. O0HapyKeHo HebOJBLINoe M3MeIbUueHne 3epeH MATPUIlLI KOMIIO3UTA U
HaJIMYMe HA UX IOBepPXHOCTH paucrepcHoil daser Ti0,. YcranopieHo, uTo (POTOKATAINTHUECKAS
AKTUBHOCTL TIOKPLITHI KOPPEJHPYEeT C COAePKAHNeM IUOKCHIA TUTAaHa B OCagKaX.

Enextpoocammenns wommosurtie Ni-TiO, iz merumcynndonaTHOTO eXeKTPOITY.
10.€.Cxnap, 0.0.Casuyx, 1.B.Cxuap, @.1 Jlanunos.

ITpoananizoBano BILIUB YMOB IOTEPeAHLOI MiATOTOBKM CycHeH3ifiHOTrO MeTmICyab(OoHATHOTO
eNeKTPoIIiTy Iaf eqeKkTpoocamenHsa xommosuris Ni-TiO, Ha arperatusry crifixicrs mucrepcHOi
¢aszu. BeraHoBieHo, 110 30iJBIIEHHA 4Yacy BUTPUMKHN €JIEKTPOJITY IIepel IIPOBEIEHHSIM IVC-
nepcifiHoro apamisy crmpuse NOCATHEHHIO piBHOBa)kHMX posmipis wactmmor TiO,, pamiye axux
onuspkuil ;o 1 mrm. IlokasaHo, IO CKJAL KOMIIOSUTIB 3MIHIOETHCA 3a TOBIIMHOI IIOKPHUTTS i
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JocArae TOCTIMHUX 3HAYEHb MPW TOBIUHI, AKa mepeBullye 6 MKEM. BmicT auokcugy TUTAHY
Y KOMIIOSHI[IfHMX MHOKPUTTAX 3pOCTaE 3 MigBUINeHHAM KoumenTpanii TiO, y cycnemsii Ta
BHIDKEHHI TYCTUHU CTPYMY eJleKTpooca/KeHHdA. IHkopnoparnia aucnepcHoi ¢dasu y HiKeJeBy
MATPHUII0 TPUSBOAUTEL MO 30iJLIIEHHA BHYTPINIHIX HATPY:KeHL i MIiKPOTBEPAOCTI ocafiB, IO
OB’ A3aHO 31 CTPYKTYPHUMM 3MiHaMM HiKeseBoi MaTpuili. PeHTTeHOCTPYKTYpPHI AOCTiMKeHHS
TOKAa3aJl, 10 PO3MIip KPUCTATITIB KOMIIOSUTY JEeI0 MEeHITUH, HisK JYrcToro Hikemo. Beranosie-
HO HeBeJINKe TOAPiOHeHHS 3epeH MATPUINl KOMIIO3UTY i HASBHICTHL Ha IX MOBepXHI AMCIIEpCcHOT
dasu TiO,. Bcramopieno, mo (GoroKaTaliTHYHA AKTHBHICTH IOKPUTTIB Kopenioe 3 BMicTOM

IWOKCHIY TUTAHY B OCAmax.

1. Introduction

Electrodeposited composite Ni-TiO, coat-
ings are of practical interest due to their
useful operational properties, such as en-
hanced hardness, corrosion resistance, and
photocatalytic activity. Incorporation of
TiO, nanoparticles into nickel matrix in-
creases microhardness of the composites [1],
which is accompanied by changes in the de-
posit texture. Effect of concentration of ti-
tanium dioxide nanoparticles and electroly-
sis conditions on the composition of Ni-TiO,
composites, their structural changes and
preferential orientation were also investi-
gated in [2] in deposition of coatings from
the Watts electrolyte. In [3], Ni-TiO, nano-
composites were obtained from the Watts
electrolyte by depositing of nickel on TiO,
nanotubes. Similar electrolyte was used in
[4] for deposition of Ni-TiO, coatings to
provide high corrosion and abrasion resis-
tance to NdFeB magnet. Ni-TiO, composites
exhibit photocatalytic properties, which are
due to the electronic structure of titanium
dioxide. The latter exhibits semiconducting
properties and absorbs electromagnetic ra-
diation in UV region, which leads to forma-
tion of electron-hole pairs. Thus, separate
reduction and oxidation centers are formed.
On the surface of titanium dioxide parti-
cles, the electron and the hole are spatially
separated. In the aerated aqueous medium,
reduction of oxygen and oxidation of water
occur to form hydroxide and oxygen radicals
[5] having the high reactivity. This may be
used for decomposition of chemical contami-
nants [6, 7] and water disinfection [8].

In selection of the coating deposition
conditions, the composition of the electro-
lyte used is played an important role. In
this regard, new electrolytes based on
methanesulfonic acid should be brought to a
focus; their application give encouraging re-
sults in deposition of the composite nickel-
based coatings [9, 10]. Therefore, it is rele-
vant to study the process of electrodeposi-
tion of Ni-TiO, composites from the
methanesulfonate-based electrolyte and the
properties of the coatings obtained.
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2. Experimental

Composite coatings were obtained from
methanesulfonate electrolyte (Table). Nickel
methanesulfonate was obtained from nickel
carbonate and methane sulfonic acid. As
dispersed phase, the titanium dioxide
nanopowder P 25 was used, which is a mixture
of anatase and rutile (80:20), with an aver-
age particle diameter of 30 nm [11]. Electrode-
position was carried out at T=3833K; a
magnetic stirrer was used for the electro-
lyte agitation. A copper plate with surface
area of 6 cm? was used as a cathode. An-
odes were nickel NPAN. The deposition cur-
rent densities in the galvanostatic mode
were: 2, 3, 5, and 7 A/dmZ2.

Prior to the experiments, the suspension
electrolyte was prepared by stirring for 80 min.

Dispersion analysis of the suspension so-
lutions was carried out by gravity sedimen-
tation. The rate of the dispersed phase par-
ticle sedimentation was measured and used
to calculate the particle sizes.

Sedimentation curve was produced using
a device based on digital analytical balance
Vibra HT (Shinko denshi, Japan). The bal-
ance was used to measure the time vari-
ations of masses of TiO, particles deposited
onto a horizontal glass disc. The disc was
placed in a glass cylinder filled with a sus-
pension electrolyte and suspended by bal-
ance on a rod coaxial with the cylinder. The
experimental data were processed by the
analytical method suggested by N.N.Tsyu-
rupa [12] for calculating and plotting the
particle size distribution curves F = f(r).

The titanium dioxide content in the com-
posite Ni-TiO, coating was calculated from
the difference in mass between the composite
and its nickel content. The nickel mass was
calculated from the analytical concentration
of nickel (II) ions in the mixture of sulfuric
and nitric acids after dissolution of the com-
posite coating in it. The analysis was per-
formed by direct complexometric titration
using Trilon B and Murexide. The mass of
nickel was determined by the formula:
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Table. The composition of the deposition
electrolyte

Bath compo- Content
nent
Ni(CH,S0,) 21.0 mol/dm?
H.BO 30.7 mol/dm?
NaCl 0.3 mol/dm?
TiO, 2 g/dm3, 4 g/dm3, 7 g/dm3,
10 g/dm?3
pH 3
c.v-M V1 1)
NI = 5 1000 V.’
2-1000 V,

where my; is the mass of nickel in the compos-
ite coating; C is the Trilon B concentration; V'
is the volume of Trilon B solution spent in
titration (ml); M is the molar mass of nickel
(g/mol); V is the volume of sulfuric acid solu-
tion (ml); V4 is the volume of aliquot (ml).
The volume of TiO, incorporated into the
coating was evaluated by the formula:

(m — my;) 2
VTi02 _ - Ni , (2)
TiO,
where m is the mass of the composite coat-
ing; ptiop = 4.5 g/cm3 [13] is the density of
titanium dioxide.
The volume of nickel in the composite coating:

myji (3)
VNi= —
PNi

where py; = 8.9 g/cm?3 [13] is nickel density.
The volume fraction of titanium dioxide
in the coating:

VTio, 4)

Surface morphology of Ni-TiO, coatings
was examined using scanning electron mi-
croscope REM-1061.

Structure of the electrodeposited coat-
ings was studied by X-ray diffraction using
DRON-3 diffractometer in monochromatized

CoKo-radiation. The crystallite sizes were
calculated by the Scherrer formula:
koA (5)
(B - cos 0)’

where A is the wavelength of X-ray radiation;
B is the broadening of the sample line due to
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refined crystallite dimensions; k£ is a con-
stant close to unity; 0 is the diffraction angle.

The Vickers microhardness was measured
with PMT-8 device at a load P =100 g. The
microhardness was determined by the formula:

H= 1854 - P’ (6)
lZ

where [ is the diagonal length of the dia-
mond pyramid impression, mm.

Internal stresses of the composite coatings
were assessed by flexible cathode method. The
upper end of a copper plate isolated on one
side was fixed, while the lower end was free.
During electrolysis, the cathode was bent
under effect of the internal stresses arising in
the deposit. The internal stresses o (MPa)
were calculated by the equation [14]:

_2E.d(d, +dy) (7
- 32d;,

where E, is the modulus of elasticity of the
cathode plate (MPa); d, is the cathode thick-
ness (m); dy; is the deposit thickness (m); !
is the length of the cathode working part
(m); z is the cathode end deviation from the
initial position (m).

2.5 Photocatalytic studies

Photocatalytic activity of Ni=TiO, coat-
ings was evaluated by photodegradation of
methyl orange dye in aqueous solution sub-
ject to UV radiation. The composite coat-
ings of 8 em? area were placed in 20 ml of
methyl orange solution and irradiated with
an EXO TERRA Repti Glol0 lamp. The
range of the lamp radiation was 280 to
315 nm. The initial concentration of methyl
orange was 6 umol/dm3, pH7. The change
in the concentration of the dye was assessed
by photocolorimetric method using KFK-2-
UHL 4.2 and a color filter corresponding to
wavelength of 490 nm.

The efficiency of the photocatalyst action
was evaluated by degree of the methyl orange
degradation X, calculated by the equation:

Cy-C (8)

X =~

where C, is the initial concentration of
methyl orange; C is the concentration of
methyl orange at time 0 of the experiment.

3. Results and discussion

In electrodeposition of the composite
coatings from suspension electrolytes, one of
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Fig. 1. Differential curves for the size distribution of TiO, particles in a freshly prepared solution
(1), after 1 day (2), after 7 days (3). Content of TiO, in electrolyte, g/dm3: a — 2; b — 10.

Temperature is 298 K, pH — 3.

the factors that affect the dispersed phase
content of metal matrix is the concentration
and size of the particles to be incorporated.
Fig. 1 shows that differential dependences
of the particle size distribution, which were
obtained immediately after introduction of
the titanium dioxide powder into the
methanesulfonate nickel electrolyte and fur-
ther stirring it for 30 min, are curves with
a rather vague maximum. This indicates
that freshly prepared suspension electrolyte
contains approximately the same amounts
of different fractions of the dispersed phase
in a wide range of the particle sizes. In this
case it is difficult to distinguish the pre-
vailing fraction. Significant changes in the
distribution of the dispersed phase particles
in size were revealed by increasing the time
of the electrolyte exposition with no opera-
tions of any kind (Fig. 1a). With increase in
concentration of the dispersed phase in the
electrolyte, the wider range of particle sizes
is observed (Fig. 1b). The range of the par-
ticle sizes also decreases with increasing the
time of the electrolyte exposition prior to
the experiments. It should be noted that
the primary particles of titanium dioxide
with radius of 30 nm have an excess of sur-
face energy and interact with each other
inside the volume of the powder to form
agglomerates. Under certain conditions, the
agglomerates may decay into smaller parti-
cles. In the aqueous solution, these agglom-
erates are unstable, which causes their dis-
integration. The ions present in the electro-
lyte participate in formation of a double
electric layer at the interface between the
surfaces of the dispersed phase particles
and the electrolyte, thereby decreasing the
thickness of the double electric layer, which
causes the particle coagulation.
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Thus, adding into the electrolyte a pow-
der of titanium dioxide P 25 in the form of
polydispersed agglomerates of primary TiO,
particles evokes two opposite processes: de-
struction of the agglomerates and coarsen-
ing of the fine particles due to coagulation.
Since 2 hO time of registration of the sedi-
mentation dependence is negligible when
compared with the time intervals between
the experiments, it may be assumed that
the differential curves of TiO, particle size
distribution correspond to some stationary
states of the dispersed system. Increase in
the electrolyte exposition time decreases the
range of the particle radius so that TiO,
particles attain equilibrium in sizes close to
1 um. This process may apparently be accel-
erated by forced crushing of the agglomer-
ates using ultrasound technique or intensive
stirring of the suspension.

Based on the above studies, to receive
reproducible data on the composition and
properties of the composite Ni-TiO, coat-
ings, it was decided to use the suspension
electrolyte subject to 7-day exposition after
its preparation, and to apply 80-min stir-
ring prior to the composites deposition.

The dispersed phase content in the compos-
ite coatings increases with increasing the pow-
der concentration in the electrolyte (Fig. 2a).
In the region of low titanium dioxide con-
centrations in the electrolyte, a rapid in-
crease in the particles content is observed in
the composite. Increase in the TiO, concen-
tration above 7 g/dm3 in the suspension will
not significantly change the coating composi-
tion. We showed in [15] that this form of the
dependence Y = f(c) results from the fact that
the incorporated particles occupy a certain
portion of the cathode surface 0, which is
proportional to volume fraction of the parti-
cles in the coating Y. The rate of coverage of

Functional materials, 24, 3, 2017
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Fig. 2. Dependences of TiO, content of composites on: a — concentration of dispersed phase in electrolyte
(i =2 A/dm2) and density of the deposition current Crip =7 g/dm3), b — thickness of composites
2

produced from methanesulfonate electrolyte containing 4 g/dm? TiO, at a current density of 7 A/dm?2.

the free surface is proportional to (1 — 0)
and to the dispersed phase concentration in
the volume of the electrolyte (c). In formation
of the composite coating, the particles are
incorporated and the matrix surface is re-
newed. The matrix surface again becomes ac-
cessible for interaction with the dispersed
phase particles. This process is similar to
desorption of molecules adsorbed on the sur-
face, and its rate is proportional to 6.

Under steady-state conditions of the com-
posite coating deposition process the rate of
particles transfer from the solution volume
to the surface and the rate of their incorpo-
ration into the metallic phase are:

kic(l - 6) = k90, 9

where k; is the rate constant for coverage
of the electrode surface with particles, k5 is
the rate constant for incorporation of parti-
cles into the composite coating.

After conversion, we obtain an expres-
sion for degree of the surface coverage with
dispersed particles, which is similar to the
Langmuir isotherm:

o = B¢ (10)
1+ B¢’

where B = ky/k,.

Since 0 is proportional to Y, the observed
similarity of the experimental dependence Y = f(c)
to the Langmuir isotherm can serve as confir-
mation of the reliability of the model for the
electrochemical composite coating formation pro-
posed in [15]. Under galvanostatic conditions,
the composite coating is formed by electrodepo-
sition of metal onto the electrode surface that is
either free or conventionally occupied by the
dispersed phase particles. Uneven distribution of

Functional materials, 24, 3, 2017

the lines of force causes the differences in
the current density in these areas of the
cathode i; #iy. Increasing the overall current
density may change i;:i5 ratio, which will affect
the composite composition. Indeed, change in the
current density from 2 to 7 A/dm?2 reduces
TiO, content of the coating (Fig. 2a).

Since the composite coating is formed
through overgrowing the dispersed phase by
metal, situation may arise in which thickness
of the metal matrix is insufficient for incor-
porating all the particles that are present on
the electrode surface for the period of time
sufficient for this process. Data presented in
Fig. 2b show that the composite coating com-
position will keep changing until a certain
coating thickness §,,;, is reached. The content
of titanium dioxide of the composites remains
constant at the thickness values above 6 um.
Obviously, this value is determined by the
size of the incorporated particles. The larger
the particle size and the dispersed phase con-
centration, the greater is the value of §,,;,.

Incorporation of titanium dioxide into
the nickel matrix should obviously affect
structure of the coatings. The Ni-TiO, com-
posites exhibit a fine-grained surface mor-
phology with grain sizes slightly smaller in
comparison with the pure nickel (Fig. 3).
Furthermore, inclusions of titanium dioxide
are clearly seen on the surfaces of dihedral
nickel grains; the TiO, inclusions are present
as formless clusters of the smaller particles.
X-ray phase analyses showed that the ob-
tained composites exhibit weak lines corre-
sponding to TiO, in their spectra (Fig. 4).
The size of nickel crystallites is 104 nm,
which is somewhat less than for the pure
nickel deposited from methanesulfonate
electrolyte (120 nm). Probably, the crystal-
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Fig. 8. Surface morphologies of nickel (a) and Ni-TiO, (b) composite, obtained at i = 2 A/dm? and

Crio,= 7 g/dm3.

lite growths are inhibited in the electrocrys-
tallization of nickel under the conditions of
adsorption of the dispersed phase of tita-
nium dioxide on the electrode surface,
which causes decrease in their sizes.

Changes in the crystalline structure of the
deposits, caused by inclusion of the titanium
dioxide particles in the nickel matrix, affect
the structurally dependent properties of the
coatings. Increase in titanium dioxide content
in the composites increases the internal tensile
stresses in the deposits (Fig. 5a). However,
these changes are insignificant, and do not
exceed 20 %, which is in complete agreement
with the slight distortion of the crystal lat-
tice revealed by X-ray studies.

The incorporation of TiO, particles en-
hances the coatings microhardness (Fig. 5a).
Increase in the content of the dispersed
phase also increases the deposits microhard-
ness. This effect can be described by the
well-known Hall-Petch equation [16]:

H =30, (11)

o, = Gy + kd(0-9), (12)
where o, is the yield point, o, is the
macroelasticity limit, %2 is the grain bound-
ary hardening coefficient that characterizes
the contribution of grain boundaries to
hardening, and d is the crystallite size.

Equations (11) and (12) show that the
microhardness of the metallic deposits de-
pends on the crystallite sizes. The decrease
in d, exhibited by the Ni-TiO, composites,
should enhance the coatings mierohardness,
which is observed in the experiment.

UV irradiation of methyl orange solu-
tion, which contacts with the Ni-TiO, com-
posites, leads to decrease in the dye concen-
tration to a greater extent than in the ab-
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Fig. 4. X-ray diffraction pattern of Ni-TiO,
deposit obtained from methanesulfonate elec-
trolyte containing 7 g/dm? TiO, at i = 2 A/dm2.

sence of the photocatalyst (Fig. 5b). The de-
composition of the methyl orange (MO) is ex-
plained by the following processes occurring on
the surface of the Ni-TiO, composite [17]:

2Ni-TiOy+hv — Ni-TiOy(e™) + Ni-TiOy(h*) (13{

Ni—TiO (i) +Hy0 g Ni-TiOp+ OH,getH* (14)

MO + ‘OH,4g— Degradation Product(15)

Under effect of the ultraviolet radiation,
electrons on the Ni-TiO, surface pass from
the valence band to the conduction band,
which leads to formation of electron-hole
pairs. The hole migrates to the surface of
TiO, and decomposes the adsorbed water to
form hydroxyl radical. The latter, because
of its high reactivity, reacts with the dye
adsorbed on the surface of the composite.

Deposits having a high content of photo-
catalytically active TiO, provide the more
complete destruction of methyl orange in
comparison with the coatings that are poor
in the dispersed phase. Similar form of the
dependences presented in Fig. 5b and Fig.

Functional materials, 24, 3, 2017



Yu.E.Sknar at al. / Properties of Ni—-TiO2 ..

255 255
240 240
£ 25 225
2
= 210 210
195 195
< a)
180 180
05 25 45 65 85
Y, vol. %

o, MPa

0.24 3
0.17 2
x
1
0.10
B
0.03 b)
1 3 5 7
C, g/dm®

Fig. 5. Dependences of the internal tensile stresses and microhardness of composites on TiO,
content of coatings obtained at i = 2 A/dm? (a). Dependence of the degree of photodestruction of
methyl orange upon contact with Ni-TiO, on concentration of TiO, in the electrolyte of deposition
of composites (b). Time of photodestruction, min: 1 — 80; 2 — 160; 3 — 280.

2a may indicate the direct dependence of
the photocatalytic effect on the surface area
of TiO, particles, which is accessible to the
ultraviolet radiation. It is proportional to
the degree of coverage of the composite sur-
face with titanium dioxide.

Increase in the time of the composite
surface exposure to the UV radiation natu-
rally leads to increase in the degree of con-
version of the methyl orange into the prod-
ucts of its destruction. As the concentration
of the reagent in the solution decreases and
the photocatalyst operating time increases,
the intensity of the conversion decreases.

4. Conclusions

The dispersion analysis of the suspension
solutions was carried out by the method of
sedimentation in gravitational field. It
showed that increase in the electrolyte expo-
sition time up to 7 days allows the achieve-
ment of equilibrium sizes of TiO, particles,
whose radius is close to 1 um. The study
revealed the dependences of the dispersed
phase content of Ni-TiO, composites on the
concentration of TiO, particles in the elec-
trolyte and on the deposition current den-
sity. It was shown that incorporation of
TiO, particles into the nickel matrix en-
hances internal stresses and microhardness
of the coatings. Increase in the titanium
dioxide content in the deposits increases the
photocatalytic activity of the coatings in
model solutions of methyl orange. It was
also shown that the photocatalytic activity
of Ni-TiO, composites is directly related to
the degree of coverage of their surface with
titanium dioxide particles. In this regard, it
seems promising to develop techniques for

Functional materials, 24, 3, 2017

increasing the TiO, content in the coatings.
The obtained experimental data may be used
in the development of the technology of de-
positing the wear-resistant photocatalytic
Ni=TiO, coatings from methanesulfonate
electrolyte for the decontamination of waste
waters of the textile industry.
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