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Abstract: Main tasks of presented research are to impact the
additional value on natural fabrics by adding them new
properties with a metal nano-scale coating, evaluat coating
technologies. The paper describes the process of magron
sputtering of copper coatings on cotton textile mafrials, analysis
of the metal coated textile surface by laser labotary complex
and SEM. The investigation results evince that laselaboratory
complex measurements of reflected light can be apetl to trace
the changes of the covered fabric surface withoutasples
destruction.
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|.INTRODUCTION

Functionalization of textile materials is of majmportance
and an essential component in textile processingnfparting
of additional properties. [1]

Textile materials have intrinsic properties thatkenahem
very valuable: flexible, light weight, strong, godduch,
softness, etc, because of this, they are excdlermparting
additional functionalities. [1]

The techniques used to functionalize textiles swarfa
generally are grouped onto two major categoriegntbal
and physical. Physical methods are based on uslhgems
chemical forces to control deposition of functionaterial on
the textile surface. [2]

Sputter coatings also provide new approaches to t
functionalization of textiles, using metallic, ogidpolymer
and composite coatings to achieve various perfocman
properties. [2]

Magnetron sputtering techniques are widely usedefmosit
different kinds of coatings, such as metallic aogdi polymer
coatings and composite coatings. Magnetron spaotfevwas
developed to solve the electron problem by placiragnets
parallel to the target surface, which can constthé motion
of secondary electrons ejected by the bombardimg ite
close vicinity of the target surface. The ion cotrés also
increased by an order of magnitude over conventiditale
sputtering, systems, resulting in faster depositiates at
lower pressure. [2]

In comparison with other deposition methods, a mo
important advantage of sputtering is that even ighest
melting point materials are easily sputtered. Spatt films
typically have better adhesion on the substrate évaporated
films. The thickness of a sputtered film is muchreneasily
controlled by fixing the operating parameters arihpsy
adjusting the deposition time. [2]

Nearly all metallic materials can be deposited exrtile
substrate by sputtering. [2] Metallization is a ahetoating
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process that adds value to and improves the fumtiof
textile materials. Textile materials modified wittifferent
metals have attracted a great deal of attentiom@wo their
potential applications in technology and desigtifie[2]

SEM observations clearly revealed a significanfedénce
in surface morphology before and after the coppmitter
coating. The functionalization of textile materialsing a
sputter coating of copper can significantly modgurface
properties of materials. The development of modifie
materials with improved properties will open up new
possibilities for applications of these materi§#3.

Copper is considered to be safe for humans,
demonstrated by the widespread and prolonged useinen
of copper intrauterine devices (IUDs). [3] Anim&lidies have
demonstrated that copper fibbers do not possesa ski
sensitizing properties. These findings are in adaonce with
the very low risk of adverse skin reactions asgediawith
copper. [3, 4] In contrast to the low sensitivifyhmman tissue
(skin or other) to copper, microorganisms are ewaly
susceptible to copper [5, 6]: copper surface killer 99.9% of
bacteria (Escherichia coli, Enterobacter aerogeMRSA,
Pseudomonas aeruginosa, Staphylococcus aureus)24or
hours. [7]

as

[I.M ATERIALS AND METHODS

hen Materials

Commercial woven 100% plain wave cotton fabric with
surface linear density 276.19 d/from yarns of linear density
9.2 Tex has been used in the experiment. The tagkof the
textile fabric is approximately 0.25 mm; the measoent was
taken by the textile fabric thickness tester (“THl52
“Zapadpribor”, Ukraine).

B.Qurface preparation technique for textile surface

To provide good interfacial contact between fiberface
and deposited metal, the surface of cotton falainpdes were
washed at temperature 90°C with detergent withqiical
brighteners, nevertheless, the washing does natverall the
oil, because of that after samples were immerse®0%
glcetone solution at room temperature for 5 min[&e$§], and
were washed twice with distilled water (ISO 900FOI
14001), the drying step was carried out on a hatao
surface.

C.Magnetron souttering technology

Magnetron sputtering is a plasma coating procesreatty
sputtering material is ejected due to bombardmérnores to
the target surface. The vacuum chamber of the Pyv&ling
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machine is filled with an inert gas - argon. By g a high
voltage (~700V), a glow discharge is created, tesylin
acceleration of ions to the target surface andaarpa coating.
The argon-ions will eject sputtering materials fréme target
surface (sputtering), resulting in a sputtered iogalayer on
the products in front of the target.
Sputter coating also provides
technology for

the most
the surface functionalization of tiex

(relief, texture). Most of the metals reflected Mwiglcident
visible light rays.

The hypothesis is based on the difference of uecband
coated fabric surface reflection mechanisms thatldeto
opportunities to control deposited coating prosttin order
to get a detailed insight of the textile surfacargdes after it's

promisingoating by metal and after it's exploitation, asllwes to

develop a tool for comparative analysis, the s@gaof the

materials as offers a number of advantages oveerothsamples were examined with the laboratory lasembexn

technologies for textile materials [2]:

1) an abundance of deposition materials existsh sas
metals, metal oxides and polymers;

2) deposition takes place at low temperaturepdymer
fibers;

3) deposited material adheres well to the fibrausstates;

4) different deposition materials can also be comdi

Physical vapor deposition, especially sputterirapt®logy,
has been regarded as environmentally friendly tiecienfor
the functionalization of textile materials. [1]

The results of experiment evidence that during fiute of
sputtering 60-70 nm thick coating of copper (Ripis formed
on the surface of each of seven fabric sampleg foee the
rotating disk (12 mitl).

SEM MAG: 50.00 kx  Vac: HiVac
SEM HV: 15.00 kv 'WD: 7.8877 mm

MIRA\ TESCAN go?
Date(m/dfy): 03/04/11 Det: BSE Detector n

Riga Technical University

N

SEM MAG: 50.00 kx  Vac: Hivac

SEM HV: 15.00 kV WD: 7.9672 mm 2 pm MIRA\ TESCAN n'

Date(m/d/y): 03/04/11 Det: BSE Detector Riga Technical University
Fig. 1. Copper coating thickness measurement by ;SEislgnetron
sputtering time 60 seconds

D.Non-contact method of surface examination

Diffuse light reflection is peculiar for woven pfaiwave
100% cotton fabrics, due to geometry of the it'sface

For reflected light intensity was used “Micro-lagdySTA-
01-10" with wavelength 546 nm, reflected light inséy
measurements were taken with photo diode, after lipht
reflection intensity were displayed on digital diesicope
“Peak Tech 1145 (80 MHz)". The angle between incidend
reflected angles were varied from -45° to 45° witstep 5°.

The obtained measurements show the level of impathe
changes of surface reflective properties the reslts coating
with copper and after exploitation process.

After copper deposition, reflected light was meaduin
three different surface spots for each from 3 samprepared
corresponding to each deposition time mentionedrbefthe
average values of nine different measures for egample
group before and after abrasion and washing testsee w
calculated and presented in graphs for each déposine.

According to the Lambert's cosine law, if the solsl
reflected uniformly in all directions, then the iaibn
intensity of the wave of a given directiong)(Imust be
proportional to the cosine of the an@l@nd the incident beam
intensity (b) (1).

An important consequence of Lambert's cosine lathas
when such a surface is viewed from any angle,sttha same
apparent radiance.

| s=lpcoPp )

Taking into account, that natural fibres and swfof
textile materials from them had diffuse light retien, and
surface roughness partially even out during meggodition
process, as well changes of other surface propesteur, the
comparison of light reflection intensities measueaits of
textile samples with different surface propertiad reatments
gives the opportunity to received information aboextile
surface properties, including structure changes [4]

I1I.RESULTS AND DISCUSSION

A.Scanning Electron Microscopy

For experiment were prepared seven samples at each
sample groups with different time of sputtering 40, 90, 120
and 135 seconds.

The results of experiment evidence that the thisknef
samples prepared by sputtering time 40 seconds is
approximately 40 — 50 nm, 70 seconds is approximaie —

80 nm, 90 seconds is approximately 90 — 100 nm,s&20nds
is approximately 120 — 140 nm, 135 seconds is aqmedely

25



Scientific Journal of Riga Technical University
Material Science. Textile and Clothing Technology
2011

Volume 6
135 — 150 nm. The deposited copper coating thickres SEM micrographs (Fig. 2 - Fig. 7) as and optical
almost the straight-line correlation with sputtgriime from microscope picture (Fig. 8) evince that copperiogais not a
40 to 135 seconds. flat film on cotton textile surface and copper pdes are
Copper coating can be deposited on cotton textije leposited on fibers without changing the textilerfaze
magnetron sputtering technology without destructioh structure.
substrate from natural fibers (Fig. 2 — Fig. 7).

UN-COATED

SEM MAG: 5.  EEE—E——————
SEMHV- 1500KV  WE 20um MIRA\ TESCAN
Date(miaty; 0304111 D - Riga Tecnncatnversty [

SEVAG: 100k Vacivac
SEMHV. 1500k WD.oE0mm  fooum URA\TESCAN
Dato(mily) 050311 Dex: BSE Detector Riga Tecnnical unversty [

Fig. 2. Difference between coatedFig. 3. Copper coating - sputtering
with cooper yarns and non-coatedime 40 seconds

yams of cotton textile. Fig. 8. Optical microscop imrwith 250 enlga cotton textile

coated with copper.

For evaluation of the exploitation impact on coppeating
abrasion and washing tests were carried out. F@sain test
samples from all sputtering time groups were exgpdse3000
abrasion cycles with abrasive material press sthefigkg or
71g on 1 cm? that imitated textile surface friction shoes
leather inside surface; for washing test samplesn frall
Fig. 4. Copper coating -sputteringFig. 5. Copper coating - sputtering sputtering tlme grOUp.S werg washed at te_mperamﬁé Bll.th
time 60 seconds time 90 seconds detergent without optical brighteners, drying stegs carried
out at a horizontal surface.

From SEM micrograph (Fig. 9.) seen changes afteasidn
test of copper coating on cotton textile surfaceieed during
sputtering time 40 seconds, the micrographs evitie
approximately 30% of copper coating was gone framges
surfaces, the same results were received afterleam@ashing
(Fig. 10.). At the same time, approximately 70%copper
coating was remaining on the surface of samples il
enough for cooper antimicrobial and antifungiciakapact.

SEM MAG. 1.00kx  Vac. HIV
SEMHV. 150KV WD. 98381 mm MIRA\ TESCAN
Date(micy) 0503111 Det. BSE Detector Riga Tecnnicat nversty [

SEMMAG: 1.00 ke Vac. HIVac, _ .
SEMHV. 1500V WD. 100510mm 100 um MIRA\ TESCAN g
Dat(midy) 05111 D, BSE Detactor Riga Teomica unversty B

SEMWAG: 100 kx - Vac: HIV
SEMHV 1500kV  WD:99241mm  100pm

SEMMAG: 1,00 kx  Vac: HIVac
SEMHV. 1500KY  WD:97250mm 100 pm VIRA\ TESCAN 7
Dat(micy) 05111 D, BSE Detactor Riga Teomica unversty B

Fig. 6. Copper coating - sputteringFig. 7. Copper coating - sputtering
time 120 seconds time 135 seconds

MIRA\ TESCAN g
Riga Tecnnicat nversty [l

Date(midiy): 05/03/11 Det. BSE Detector

From SEM micrograph seen that prepared with magnetr

sputtering technology copper coatings on cotton enelt

surface are without defects, even distributedamy on the

surface of yarns but as well in depth of textiletenial.
Micrographs also evidence, that the sputtering tower 40

seconds not influenced the surface coating qualiiyy longer

coating processing 70, 90, 120 and 135 seconds waky Fig. 9. Co
increased copper coating thickness. seconds

) 4

SEM MAG: 200 x Vac: Hivac

SEM HV: 7.00 KV WD: 10.4070 mm 500 pm MIRA\ TESCAN g
Date(m/d/y): 10/04/11 Det: BSE Detector Riga Technical University n

pper coating after abrasion test; magnesputtering time 40
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SEMMAG: 200 Vac: HiVac
SEM HV: 7.00 kV WD: 10.4070 mm
Date(m/d/y): 10/04/11 Det: BSE Detector

Fig. 10. Copper coating after washing test; magmesputtering time 40
seconds

500 pm MIRA\ TESCAN n’

Riga Technical University

B.Non-contact method of surface examination

Measurements of the reflected light represent chsiod the
textile surface in result of metal deposition angared textile
exploitation.

20% ~

u
N [
2 10% n
00 <&
<&
‘ 0% ‘
60,0 -400 -200 00 20,0 400 60,0

angle, degrees

- theoretical according to Lambert's cosine law
<O experimental - coated textile
H experimental - uncoated textile

Fig. 11. Theoretical diffuse reflection curve in ngearison with
experimentally received reflection curves, (I/Iltbeam intensity level,
rationed to the maximum)

From graph represented in Figure 11 can make
conclusion, that experimental light reflection cairglight
reflection intensity of coated with copper textjlesn
comparison with uncoated textile experimental ligdftection
curve still have diffuse reflection, this impligbat deposited
copper coating on textile surface repeat textiletemal
surfaces structures, at smallest and biggest amtipesited
copper
reflection it can be explained by fact that coppeating
absorbed the part of incident light.

coating has observable deviation from d#fus

1,00
0,90
0,80
0,70
0,60
0,50
0,40
0,30
0,20
0,10
0,00

,au.

-40

-35 -30 -15

angle, degrees

10 15

| B135s ©120s ©90s ®70s  =40s |

Fig. 12. Comparison of reflected light of samplesated by magnetron
sputtering technology (arbitrary units — intensigvel rationed to the
maximum)

The graph represented in Figure 12 demonstrates the
changes in reflectance of the samples dependirgpottering
time; it is seen that with a longer sputtering tireflectance
increase, that evidences that copper amount osutface of
textile increase. Reflected light intensity witicieasing of
sputtering time rapidly increased to sputtering etirh35
seconds and for 60% exceeded the relevant indicétained
by samples with sputtering time 40 seconds.
understandable, because increased sputtering caop¢ing
thickness and at the same time increased mirrtectedn. As
show micrographs of coated samples (Fig. 2 - Fjg.e@en
sputtered copper coating already received withsigtering
time 40 seconds and for many applications it ixpeelient to
increase this time.

It's

a.u.

40 3 30 -5 10 15 20
angle, degrees
| m135s ©120s ®@9%0s ®70s =40s |

Fig. 13. Comparison of reflected light of samplesated by magnetron
sputtering technology after washing test (arbitranits — intensity level
rationed to the maximum)
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Fig. 14. Comparison of reflected light of samplesated by magnetron
sputtering technology after abrasion test with 309€les (arbitrary units -
intensity level rationed to the maximum)

Graph (Fig. 13) evidence that for samples coateddpper
at different sputtering time after washing testfatiénces
between reflected light intensity of samples growpsre
reduced, after washing differences in light reflattintensity
between samples groups does not exceed 15%.

Graph (Fig. 14) show that for samples coated bypeojt
different sputtering time, after abrasion test atiéinces
between reflected light intensity of samples growpsre
reduced, too. To smaller angles reflected lighenstty for
samples groups with different sputtering time amdjidsalmost
the one level.

This implies that in spite of sputtered coatingkiess and
time of sputtering, after washing and abrasionstest all
textile samples remains approximately equal quantt
copper.

Reflected light measurements as and micrographscevi
that copper coating is not a flat film at cottontie surface,
but copper particles deposited at fibers and &x#& not
changed it's surface relief, texture, trim.

IV.CONCLUSION

Based on the results obtained and discussed psdyjdhe
following conclusions may be drawn. Copper coatiag be
deposited on pure cotton textile by magnetron sput
technology with rotating disk without destructiohsubstrate
from natural fibers and in this process, the typitetile
properties (hand softness, flexibility, etc.) andface relief
and texture are not influenced.

With a longer sputtering time light reflectance rensed,
that evidences that copper amount on the surfacextile
increased.

Carried out light reflection intensities measuretaeand it
comparative analyses show, that sputtering timesei@nds
are enough for qualitative even copper coatingbéistament
on cotton textile surface, 40 second long sputtedatow to
achieve qualitative copper coating, even distridutet only
on the surface of yarns but as well in depth ofileexnaterial.

28

Obtained results of light reflection intensity aftgashing
and after abrasion test carry inference, that ite s different
sputtering time and copper coating thickness, afadile
exploitation on textile surface remains approximatequal
guantity of copper, it means that not independeawnimf
sputtering time define copper amount attached tdilée
material, but the rest copper amount come out duthre
exploitation of textile material, that can be expéal with
similar substrate and with similar formed adhesfonces
between coating and substrate.

Measurements of reflected light could be used doetrthe
metal coating changes from exploitation impacts.
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Svetlana Vihodceva, Silvija Kukle, Juris Biims, Gunta Zommere. UzputiraSanas laika ietekme uz tekstiliju virsmas gaismaststaroSanas intensiti
Galvenais ptijuma nerkis ir papildus funkciju pievienoSana kokvilnas medéem, ko var sasniegt, izveidojot matdiém metla parklajumu.

Dabisko &iedru un noam izgatavoto tekstilmateifu virsmas gaismu atstaro @i#fi. Tas parklajot ar meélu, virsmas raupjums ¢&i izlidzinas, k& an mairas
citas virsmagpadbas. Tika izvirta hipotze, ka atstaras gaismas intengies nerjjumu saidzinaSana tekstilparaugiem ar daim virsmas apsidem laus
iegat informaciju par virsmagpa3bu, tai skai struktiras izmagam.

Veiktie gaismas atstaroSanas inteitsg ngrijumi un to saldzino& anaize ada, ka uzneSanas laiks - 40 sekundes - ir pietiskéai izveidotos negptraukts
vara prklajums, SEM mikrogafijas rada, ka 40 s ilga apatte nodroSina kvalitatu parklajumu, kas uznests ne tikai uz \&iem auduma pavedieniem, bet ar
uz t dzilakajiem shpiem. leditie gaismas atstaroSanas inteitsg nerjjumi pec mazgSanas un berzes cikliefauj seciat, ka neatkagi no uzputiasanas laika
noteikts metla daudzums piestipris pie tekstiimatedla, bet @rgjais metla daudzums ekspludjas laika noiet nost.

Piedivata metodika atstaratstara intensites ngrijumu saidzinaSanai tekstilparaugiem ar dia#m virsmasipagbam un apst@dem lauj iedit informaciju par
virsmasipadbam, tai skaif struktiras izmajam psc metla uzneSanas un tekstila ekspicgas.

Cgeriiana BoixoaueBa, CunBusi Kykie, HOpuc bayme, I'ynra 3ommepe. BiimsiHue BpeMeHH HAaNbLICHHS HA HHTEHCHBHOCTH CBETOOTPAKEHHUS
MOBEPXHOCTH TEKCTHJISI

['naBHoIi 3ama4eil ucclieOBaHKs SIBJIETCS MPUCBOCHHUE JOTOJHUTENBHBIX (DYHKIMH TEKCTHIIIO U3 XJIOMKA, YTO MOXKHO JIOCTHTHYTH TPH MOMOIIY HAHECCHUs
TIOKPBITHS U3 METAJIOB. HaTypasibHble BOJIOKHA M M3TOTOBJICHHBIN M3 HUX TEKCTUIIb OTpaXkatoT cBeT Anddy3Ho. [Ipy MOKpHITHM TEKCTUMS METAIaMU, YaCTUYHO
BBIPaBHUBACTCS IIEPOXOBATOCTh MOBEPXHOCTU TEKCTUIIS, @ TaK JK€ MEHAIOTCS OPYrHe CBOMCTBA MOBEPXHOCTH. bhlna BBIIBUHYTAa THIOTE3a, YTO CpaBHEHHUE
PE3YJIbTaTOB W3MEPEHHI MHTEHCUBHOCTH CBETOOTPAKEHUS TEKCTUJIBHBIMM OOpa3LaMy € pa3jinuHON 00padOTKON MOBEPXHOCTU AACT BO3MOXKHOCThH IMOJYYUTh
HH(OPMALIMIO O U3MEHEHHUSIX CBOICTB MOBEPXHOCTH, a TAKXKE €& CTPYKTYPHBIX H3MEHEHUSX.

[IpoBen¢HHBIC M3MEPEHHs] OTPAKEHHS] CBETa M CPABHUTEIBHBIM aHANW3, MOKA3bIBAIOT, YTO BpeMs HaHeceHHs 40 CeKyHI JOCTaTOYHO Ui MOMYYECHHS
HEMPEPHIBHOTO TOKPHITHA MeTana, aHamn3 COM mukporpaduii mokasall, YToO MPOJOJDKUTENBHOCTh HambuieHus 40 cekyHJ 00ecreYrBaeT KayeCTBEHHOE
MOKPBITUE, KOTOPOE HAHECEHO HE TOJILKO HA BEPXHHE HUTH TEKCTUJIS, HO U TaK K€ Ha Ii1y0okue ciiou. [ToiyyeHHble U3MEPEHUS OTPAKEHHUS CBETA 1OCJIE MBIThS
00pa3LoB ¥ MOcye IMKIOB TPEHHUS, O3BOJISIOT CAENaTh BBIBO, YTO HE3aBUCUMO OT BPEMEHH HAMbLICHHS, ONPEAEeNEHHOE KOTMYECTBO METalIa 3aKperuisieTcs Ha
MOBEPXHOCTH TEKCTUJIS, a OCTAIIbHOE KOJMYECTBO METAILIA BO BPEMS SKCIUTyaTalluy CXOJAUT C MOBEPXHOCTHU.

[IpeanoxxeHHass METO/IMKA CPABHEHUS! U3MEPEHUI OTpaXEHMs CBETa Y 00pa3LOB TEKCTH/IA C PA3IMYHBIMU CBOMCTBaMHM M 00pabOTKaMM IO3BOJISIET MOJIYYUTh
UH(OPMALIMIO O CBOMCTBAX MOBEPXHOCTH TEKCTHJIA, a TaK ke 00 M3MEHEHHWSX €ro CTPYKTYpHI MOCNe HAaHECEHHS METalla Ha MOBEPXHOCTh TEKCTHIS M €ro
JKCITyaTalyu.
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