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Abstract. In the paper changes of electrical properties of bast
fibre fabrics after deposition of metals and metal oxide
nanoparticles have been investigated. Moisture content of
samples after storing them in different climatic conditions was
determined using the thermogravimetry method. Electrical
resistance changes depending on moisture content were
investigated using impedance spectorscopy.

The analysis of measurements shows that samples with surface
treated in plasma attract water better than samples with
untreated surface. In turn metal coatings reduce water sorption.
The research shows that coatings decrease electrical resistance of
samples. Samples stored in normal climatic conditions can be
characterized with capacitive/reactive resistance, ie. they have
expressed dielectric properties but moist samples in low-
frequency range have ohmic/active resistance, ie. they have
expressed electric conductivity properties that turn into dielectric
properties in high-frequency range. It can be concluded that
electric resistance of bast fibre fabrics is influenced by moisture
content in sample and coating material.

Keywords: bast fibres, impedance spectroscopy, metal coatings,
thermogravimetry.

I. INTRODUCTION

Functionalization of textile materials is widely used in the
world, and that allows to change properties of textiles and use
them in different areas. Textile materials with metal and oxide
coatings is a research area of particular interest. Surface
metallization and covering with metal oxides makes it possible
to develop new products — for protection against radiation,
conductive and antibacterial products etc. [1; 2; 3] Metal items
are replaced by metallized textiles, as it reduces their weight
and gives the fabrics characteristic properties, for example,
pliability, air permeability etc. [4; 5; 6]

Mainly synthetic metallized fabrics are produced now
because of their regular structure. But synthetic fibres are
obtained from oil products, so they are not produced from
renewable resources. That is why in recent years major
attention has been paid to the use of natural resources. Natural
fibres in comparison to synthetic fibres make it possible not
only to reduce consumption of oil products significantly, but
also harm the environment less. That is because natural
materials degrade in nature and it is a renewable resource.
Bast fibres are commonly used for technical needs because of
their high strength. Natural textile materials are heterogeneous
and hygroscopic. [7]Such characteristics conserve after
metallization as well. So that properties of metallized textiles
have to be investigated in relation to moisture content in the
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material. Production of such natural fibre fabrics would
provide market for hemp and flax fibres obtained in Latvia. [8]

The goal of the work is to investigate changes in electric
properties of bast fibre fabrics after the deposition of metals
and their oxide nanoparticles.

II. MATERIALS AND METHODS

In the experimental part of the work, the following
characteristics were determined:

* Moisture content was analysed by using thermogravimetry
method

* Electrical properties were determined by using impedance
spectroscopy method

Bast fibre fabric woven in SIA Limbazu Tine Ltd. was
investigated. Warps of the fabric are uncoloured and
unbleached hemp fibre yarn, wefts — flax fibre yarn. Thickness
of the fabric is 1,36 mm, mass of one m* — 510 g/m”. Warp
density in fabric is 22 warps/10 cm, weft density — 65 wefts/
10 cm.

Fabrics were covered with Ni, NiO, Cu, CuO and Al
coatings. Thin metal and their oxide coatings are applied using
DC magnetron metal coating and reactive oxide coating
obtaining methods. Only the P7 sample was covered in
voltage mode (see the table), other samples were modified in
power mode. A 500 nm Ni coating was applied to the P2
sample on both sides, for all other samples only one side was
coated. For the P5 sample surface etching was performed and
coating was not applied to be able to evaluate changes of
fabric properties after cleaning the surface. The technical data
of thin film deposition is given in Table.[9; 10; 11]

The thermogravimetry analysis was performed for the
samples held in normal climatic circumstances -air relative
humidity — 65+5%, temperature - 20+2°C and the samples
held in environment with moisture content 95 — 98 %. The
temperature amplitude was 35 — 230 °C and it increased
linearly with speed of 10 °C/min. During the experiment mass
loss (mg) was measuredevery second. [12; 13; 14]

Impedance spectroscopy measurements were carried out for
bast fibre fabric samples without coating, for the etched
sample, samples with Ni, Cu, Al, NiO and CuO coatings from
one side and for the sample with Ni coating on both sides. The
measurements were performed for the samples held in normal
climatic circumstances and the samples were fixed in the
measuring device with the coating upwards and downwards.
The samples are considered to be moist, if they are held in
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exicator with relative air moisture content of 95-98 % for at
least 24 hours. All measurements were performed by taking
into account constant area of the measuring electrode of
sample holder — 11,34 cm2. [15]

TABLE
TECHNICAL DATA FORDEPOSITION OF THIN COATINGS
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. Ar=16,0
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P6 (172) Cu I 350 | Ar=6,5| 30 1700
P7 (195) Al I 56 Ar=501| 30 200
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P9 (179) Cu0 1 300 | A7 s | sos
" 0,=2,0
Ar=5,0
P10(176 CuO I 300 ’ 15 730
(176) " 0,=20
III. RESULTS AND DISCUSSION
Thermogravimetry and impedance spectroscopy

measurement data are summarized and analysed.
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Fig. 1. Mass Loss of Samples Held in Normal Climatic Circumstances, %
from Sample Mass,vs. Temperature Changes

Thermogravimetry measurements for the samples held in
normal climatic circumstances are given in Figure 1. Mass
losses are mainly influenced by ability of samples to attract
water.For the PO sample without coating much smaller mass
losses are observed than in case of etched and coated
samples.It can be seen that for the samples held in normal
climatic circumstances the mass is rapidly decreasing until
about 120 °C, mass decrease is smaller at higher temperatures.

For the PO sample decrease of mass is flatter and more
uniform.
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Fig. 2. Mass Loss of Moist Samples, % from Sample Mass, vs. Temperature

Mass loss % of moist samples under temperature influence
can be seen in Figure 2. After holding in air moisture of 95 —
98 % mass of the PO sample decreases similarly to mass of
other samples.
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Fig. 3. Mass Losses of Samples Held in Normal Climatic Circumstances and
moist samples, % from Sample Mass

In Figure 3 mass loss % for samples held in normal climatic
circumstances and wet samples are compared. Mass reduction
can be mainly explained by evaporation of moisture in the
samples. For the PO sample without coating much smaller
mass losses are observed than in case of coated samples and
etched sample. For the wet PO sample without coating mass
losses are similar to other samples. The POsample after
holding in normal climatic circumstances and heating up to
230 °C loses 2 % from its mass but after holding in
environment of air moisture of 95 — 98 % it loses 9,5 % of its
mass. Mass losses are influenced by surface cleaning of the
samples, etching before deposition of metal coatings — that is
because the surface is becoming active and attracts more
water. It can be concluded that in normal climatic
circumstances etched samples attract water much better than
the samples without coating. Mass losses for etched samples
held in normal climatic circumstances are 8 % that is a little
bit less than mass losses for samples with aluminium coating.
The largest mass losses are observed for wet etched samples—
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almost 12 %. Samples with CuO coating have one of the
lowest mass losses after holding in normal climatic
circumstances. Whereas for wet samples with CuO coating
mass losses are one of the largest, ie. 10,5 — 11%. The samples
with Ni and NiO coatings mass losses increase only slightly
after holding them in moisture content of 95 — 98 %.Their
mass losses after holding in normal climatic circumstances are
7 — 8% but after holding in moisture content of 95-98 % they
are 8,5-9%.[13; 14]
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circumstances
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Fig. 4. Bode Plot, in which Absolute Value of Impedance |Z| Depending on
Frequency is Shown for Wet Samples and Samples Held in Normal Climatic
Circumstances Before Surface Modification

Electrical properties of coated samples, as well as their
changes under the influence of moisture are examined by
using impedance spectroscopy. Bode plots are analysed, in
which absolute value of impedance vs. frequency in range
from 100 Hz to 15 MHz is shown.

In Bode plot (Figure 4) impedance measurements for
samples before surface modification are shown depending on
frequency. Resistance of samples held in normal climatic
circumstances decreases in inverse ratio to frequency from
200 MQ to 10 kQ. It shows that bast fabric has reactive or
capacitive resistance that is characteristic for dielectrics. It is
imaginary part of complex resistance that doesn’t consume
energy but stores it and later gives it back to the electric
circuit. Reactive resistance for alternating current is created by
capacity. In Figure 4 capacity values are shown for samples
without coatings. The fact that reactive resistance 1is
characteristic of samples held in normal climatic
circumstances is shown by capacity values from 8,7to 10,8 pF.
The PO sample is measured after holding it in air with
moisture content of 95 - 98 %. It can be seen that the wet
sample has the smallest resistance 2 - 1 MQ, at lower
frequencies — ohmic resistance is larger than
reactive/capacitive resistance in comparison to samples held in
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normal climatic circumstances. As frequency increases above
50 kHz resistance of wet sample decreases from 2 MQ to
10kQ. For a wet sample at low frequencies resistance
decreases only slightly. It shows that active or ohmic
resistance dominates up to frequency of 50 kHz that reflects
conductivity. At about 50 kHz ohmic resistance of a wet
sample becomes comparable to capacitive resistance. As
frequency increases above 50 kHz, also in a wet sample
capacitive resistance starts to be the dominating one. This
sample accordingly has much larger capacity than samples
held in normal climatic circumstances - 8,1 nF. So that
increased moisture content in fabric gives it an active
resistance at low frequencies.
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Fig. 5. Bode Plot for Samples Held in Normal Climatic Circumstances

In Figure 5 absolute value of impedance vs. frequency is
shown for all samples held in normal climatic circumstances.
Among results of other samples significant difference can be
observed for two samples. The P2 sample with Ni coating
from both sides and the P6 sample with particularly thick Cu
coating (1700nm) from one side has small active resistance
that is not dependant from frequency. Resistance for the P2
sample with Ni coating from both sides is only 90 Q but for
the P6 sample with a thick Cu coating resistance is 80 Q.
Capacity of P2 and P6 samples is close to 0. So metallic
conductivity is characteristic for these samples. Capacitive
resistance is characteristic for the other samples that in
frequency range 100 Hz — 15 MHz decreases from 100 MQ to
1 kQ. It can be seen that the P1 sample with Ni coating, P3
sample with NiO coating and P4 sample with Cu coating has
larger resistance than the PO sample without coating and P5 —
the etched sample. Conformity of resistance of the PO and P5
sample indicates that moisture influences resistance equally.
Such a result was influenced by the fact that PO and PS5
samples were held in normal climatic circumstances but P1,
P3 and P4 samples were tested right after deposition of metal
particles and they were dried beforehand. It confirms the fact
that moisture substantially influences resistance but its
influence is reduced by metal particle coatings and their
different influence. The |Z| value for different samples is
related to different moisture content in these samples. The
largest capacity (without taking into account samples with
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ohmic resistance) 51,3and 69,4 pF is for P9 and P10 samples
with CuO coating. They also have lower resistance that
decreases from 13 MQ to 1 kQ, resistance of the sample with
thicker CuO coating is a little bit smaller. Capacity is slightly
smaller for samples No. P5 (31,2 pF), P7 (16,2 pF) and P8
(19,9 pF). Capacity of samples with larger reactive resistance
is from 11,7pF to 2,9 pF.
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from both sides
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Fig. 6. Bode Plot for Wet Samples

In Figure 6the absolute value of impedance depending on
frequency is shown for wet samples. Unlike the previous Bode
plot with samples held in normal circumstances, here active
(ohmic resistance can be observed just for the P2 sample with
Ni coating from both sides. After storage in the air with
moisture content of 95-98 % resistance in all frequency range
is 600 Q. It shows that for this sample after holding it in air
with moisture content of 95-98 % metallic conductivity
persists. For the other wet samples at low temperatures ohmic
resistance dominates but, as frequency increases, capacitive
resistance starts to dominate. Wet samples have a larger
capacity, it can be several tens of nF. It shows that resistance
decreases under the influence of moisture. The samples with
CuO, NiO and Al coatings have larger capacity, 36,5 —
25,8 nF, and for the sample with Ni coating and etched sample
itis 17,6 — 14,4 nF. For these samples smaller lower resistance
is observed. Larger capacity corresponds to smaller ohmic
resistance.

In Figure 7 all measurements of absolute value of
impedance are shown for samples held in normal climatic
circumstances and in moisture content of 95-98 %. Reactive
resistance is characteristic for samples held in normal climatic
circumstances. That shows dielectric properties of bast fibre
fabric and ability to store electric charge. For wet samples at
low frequencies active resistance dominates that characterizes
electric conductivity. As frequency increases to 1 MHz their
resistance becomes capacitive. For the P2 sample with Ni
coating from both sides active resistance is observed in all
frequency range. After holding in moisture content of 95 —
98 % its active resistance increases for about 510 Q. Active
resistance characteristic for the sample P6 held in normal
climatic circumstances disappears after holding it in air with
moisture content of 95 - 98 %. It changes from ohmic to
capacitive resistance.
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Fig. 8. Measurements of Some Wet Samples and Samples Held in Normal
Climatic Circumstances with Coated Surface Upwards and Downwards

In Figure 8 plot of impedance measurements can be seen for
samples depending on the position of the coated surface.
Impedance |Z| depending on position of the coated surface is
related to different surface resistances. As for the sample
No. P5 only surface etching was performed its measurements
are not dependent on the position, how the sample is fixed in
the sample holder. Whereas for samples with coating a

57



Material Science. Textile and Clothing Technology

2013/8

tendency can be observed — resistance is a little bit smaller,
when measuring sample with coated surface upwards. It can
be explained by the fact that metal and oxide coatings reduce
resistance and that’s why difference of resistance is observed,
when measuring the coated and uncoated surface. [15]

IV. CONCLUSIONS

Electric properties of bast fibres and their possible
depositions for technical needs have been investigated
recently. As new technologies are developing in electronic and
energetic fields, there is a need for new materials that could be
used both as components of electric systems and protection
means. [5; 6; 8; 12] Changes in physical properties of bast
fibre fabric have been investigated after the deposition of
metal and their oxide nano particles. Samples with Ni, NiO,
Cu, CuO and Al coatings have been created and for one
sample only surface cleaning was performed. Physical
properties have been determined for samples with/without
surface modification, samples held both in normal climatic
circumstances and air with moisture content of 95 - 98 %.

After performing all the tasks it was concluded that:

o In the following experiments a fabric with larger density of
warps and wefts and a smaller linear density should be chosen
to get more precise results.

e Metal coating slightly increases electric conductivity of bast
fibre fabrics but conductivity is more influenced by moisture
content because of high hygroscopic properties of bast fibres.

e High ability to absorb water is promoted by the etching
process that is necessary to provide attraction of metal
particles.

e To obtain conductive, low density fabrics it is necessary to
apply metal coating from both sides. In this case resistance
slightly increases because of moisture, but the resistance stays
active.

e By applying a thick metal layer from one side in normal
climatic circumstances the fabric is conductive but under the
influence of moisture in a low-frequency range the resistance
increases and becomes a dielectric resistance in a high-
frequency range.

The shortcoming of these experiments is unevenness of
linear density of the fabric’s warps and wefts and high
porousness of the surface. The investigated fabric should be as
homogenous and dense as possible to be able to compete with
synthetic metallized textile materials.
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elektrovadosus, antibakterialus u.c. Ar metaliz&tiem tekstilmaterialiem aizstaj metala izstradajumus, tie ir vieglaki un saglaba tekstilijam raksturigas tpasibas,
piem., lokanibu, gaiscaurlaidibu u.c. Sobrid razo galvenokart metalizgtus sintétiskos materialus, to vienmerigas struktiiras dg]. Tadu sintétiskas Skiedras iegiist no
naftas produktiem, kuru krajumi ar katru gadu samazinas. Tade] pedgjo gadu laika liela uzmaniba pieversta dabigo resursu izmanto$anai. Galvena prieksrociba ir
tada, ka, metaliz&jot dabigo Skiedru tekstilmaterialus, iegtist videi draudzigus produktus, kas daba noardas un ir parstradajami.

Eksperimentalaja dala pétits, ka mainas liksnes Skiedru auduma elektriskas IpaSibas péc metalu un to oksidu nanodalinu uzneSanas. Izmantojot
termogravimetrijas metodi, péc izturé$anas dazados klimatiskos apstaklos noteikts mitruma saturs pétamaja materiala. Ar impedances spektroskopijas metodi
izpétits, ka mainas paraugu elektriska pretestiba atkariba no mitruma satura.

Veiktie pétfjumi parada, ka paraugi, ar plazma attiritu virsmu, daudz labak piesaista Gideni, neka paraugs ar neapstradatu virsmu. Savukart metala parklajumi
samazina Udens piesaisti. Izpétits, ka parklajumi samazina paraugu elektrisko pretestibu. Normalos klimatiskos apstaklos izturétiem paraugiem raksturiga
kapacitativa/reaktiva pretestiba - ir izteiktas dielektriskas TpaSibas, bet mitriem paraugiem pie zemam frekvenc€m ir omiska/aktiva pretestiba - ir izteiktas
elektrovadamibas ipasibas, kas pie augstam frekvencém pariet dielektriskas. Tatad liksnes Skiedru auduma elektrisko pretestibu ietekmé mitruma saturs
materiala un parklajuma materials.

Yabsina Cupoposuy, Wize Banrwins, Auapeii Jlycuc, Sinuc 3annepconc. M3MeHeHUs 3JIEKTPUYECKHMX CBOMCTB JIYyOSIHOM TKAHU NOCJe HAHECEHUs
MeTAIMYECKHX M MeTAJNIOOKCHIHBIX HAHOYACTHIL

C pa3BuTHEM HOBBIX TEXHONOTHH B OOJACTH DICKTPOHMKH H DHEPreTHKH IIOSBIAETCS HEOOXOOHMOCTh B HOBBIX MaTepuanax, KOTOpbIe MOTYT OBITH
HCIIOJIb30BaHbl B KAYECTBE KOMIIOHEHTOB AJIEKTPUYECKHX CHUCTEM M CPEACTB 3allUThl. MeTauln3alnus MOBEPXHOCTH MM €€ IOKPBITHE OKCHIAMH METAIIOB
M03BOJISIET CO3/1aBaTh HOBBIE MPOIYKTHI - 3all[MINAIOLINE OT M3JTy4eHHH, 2JIEKTPOIPOBOIHbIE, AaHTHOAKTEpUANbHbIE U T.[. MeTauIM3UpOBaHHBIMH TEKCTUIIBHBIMU
MaTepHalaMH 3aMEHSIOT MeTa/UIMYeCKHe H3[CNus, OHH Jerde M COXPAHSIOT CBOMCTBA TEKCTWIIS, HAPUMep, THOKOCTb, BO3MYXONPOHHIAEMOCTh U T.A. B
HACTOSIIee BpeMs IPOHM3BOAAT B OCHOBHOM METa/UTH3MPOBAHHBIE CHHTETHYECKHE MaTepHAIBI, M3-3a OJHOPOAHOCTH CTPYKTYphl. OMHAKO, CHHTETHYECCKHE
BOJIOKHA TIPOU3BOAAT U3 HE(TENPOIYKTOB, 3aMachl KOTOPHIX YMEHBIIAIOTCSA ¢ KaAbIM rogoM. ITosTomy B mociejHHe roabl OONbIIOE BHUMAHHE yIEISETCS
HCIIONB30BAHUIO TPUPOIHBIX pecypcoB. OCHOBHBIM NPEHMYIIECTBOM SIBIAETCS TO, YTO, METAUNIM3HPYS TKAaHU M3 HATYypPaIbHBIX BOJOKOH, HPOH3BOISTCS
9KOJIOTUYECKH YUCTBHIE IIPOTYKTHI, KOTOPBIE MOUIEKAT ECTECTBEHHOMY Pa3JIOXKEHUIO U IepepaboTke.

B oKkcrepIMEHTaIBHON 9acTH MCCIe0BAHbl H3MEHEHNS JIEKTPUUECKIX CBOMCTB JIyOsSHOW TKaHH IIOCIIE HAHECEHHS METAJUIMYECKHX M OKCHIHBIX HAHOYACTHIL.
Hcnons3yst MeTO TepMOIPaBUMETPUH, ONPEAENICHO COAEp)KaHHEe BIArM B HCCIEAyeMOM MaTepuaje, IOCNe BBIICPKUBAHMS B PAa3IMYHBIX KIMMATHYECKHX
ycnoBusiX. C HOMOIIBIO IMIIEAAHCHON CIIEKTPOCKOITHY H3y4IeHbI H3MEHEHHS IeKTPUIECKOr0 COIPOTUBIECHHS 00pa3lia B 3aBHCHMOCTH OT BIQKHOCTH.
IIpoBenéHHBIC HCCIIEOBAaHUS ITOKA3BIBAIOT, YTO OOpAa3libl, IIOBEPXHOCTh KOTOPBIX OYHMIIEHA B IUIa3Me, TOpa3io JIydlle BIUTBHIBAIOT Biary, 4eM oOpasIbl ¢
HeoOpaboTaHHOII TOBEpXHOCTHIO. B cBOIO OYepens MeTaJUIMYECKHE IIOKPBITHS CHIDKAIOT 3Ty CIOCOOHOCTh. MccienoBaHO, YTO MOKPBHITHSA YMEHBHIAIOT
JNIEKTPUYECKOEe CONPOTUBICHHE 00pasmoB. OOpasaM, BBIACPIKAHHBEIM B HOPMAlbHBIX KIMMATHYECKHX YCIOBHAX, XapaKTepHO EMKOCTHOE / pPEaKTHBHOE
COIPOTHBIICHHE, T. €. TIPUCYIIH JUIIEKTPUUECKHE CBOMCTBA. B OoTiIYMe OT 9TOr0, BIaXKHEIM 00pa3naM XapakTepHO OMUYECKOe / aKTUBHOE COIPOTUBIICHHE, T. €.
UM CBOICTBEHHA 3JIEKTPOIPOBOAHOCTb, KOTOPas IpPH BHICOKMX YACTOTaX IEPEXOAUT B OMAIEKTpHUecKue cBoiicTBa. CIemoBaTelbHO, DIEKTPHUIECKOE
COIPOTHUBIICHHE TyOsMHOIH TKAHH 3aBUCHUT OT BIAXKHOCTH MaTepuasa U ero MOKPBITUL.
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