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Abstract — In this paper changes of ability of hemp fibre
nonwovens to absorb water after deposition of metal and metal
oxide nanoparticles were investigated. Moisture content of
samples after storage in different climatic conditions was
determined using thermogravimetric method. The obtained
results were compared with the results of previous research based
on investigation of water absorption of metalized woven fabric of
bast fibre.

Analysis of measurements showed that nonwoven samples with
surface treated in plasma attract water slightly better than sample
with untreated surface; this was more pronounced in woven fabric
samples. In turn, metal coatings reduced water sorption. Unlike
woven fabric samples, nonwoven samples attract similar water
quantity irrespectively of surface modification. It can be
concluded that metallization of hemp fibre nonwovens retain
hygroscopic properties of these textile materials. Therefore,
moisture content also needs to be controlled in nonwovens with
metal and metal oxide nanoparticle coatings.
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I. INTRODUCTION

Metallization of textile materials is widely used in the world.
It allows to change properties of textile materials, thus, also
changing their applications. Surface coating with metal and
metal oxide nanoparticles makes it possible to develop new
light weight, flexible products with metalic characteristics such
as conductivity, protection against radiation, antibacterial
properties, etc., (1)-(5).

Synthetic textile materials are often coated with metals
because of their regular structure and hydrophobic properties.
However, these materials tend to be replaced by natural,
degradable and renewable materials. When metallizing textile
materials made from natural fibres it is important to pay
attention to their hygroscopic properties as well as on the ability
of nanoparticle coating to promote or impede the attraction of
moisture. Moisture absorption in natural fibres leads to
modification of their physical and chemical properties.
Additionally, water is electrically conductive and water
absorption can affect electrical properties of textile materials
after metallization. Such effects lead to a strong dependence of
textile materials on ambient conditions; this is not desirable for
technical textiles (6)—(8).

The goal of this work was to investigate changes of the ability
of hemp fibre nonwovens to absorb water after deposition of
metals and metal oxide nanoparticles. The obtained results were
compared to the results of previous research based on metalized
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bast fibre woven fabrics. In the previous research the changes
in ability of metalized bast fibre woven fabrics to absorb water
were investigated (13). Obtained characteristics of modified
woven fabrics were shown not to be particularly well suited
substrate material for deposition. The unevenness of density of
woven fabric and a large quantity of through pores were the
reason for this. Therefore, in the further study it was decided to
use nonwoven as a substrate instead of woven fabric.
Nonwowen is even at a sufficient density and is not
characterized by through pores (9).

Il. MATERIALS AND METHODS

In the experimental part of the work the following tasks were
carried out:

« Thin metal coatings and metal oxide coatings were applied;

+ Moisture content was analysed by using thermogravimetric
method.

Hemp fibre nonwovens produced from Bialobrzeskie type
hemp fibre grown in Latvia using a parallel-laid carding method
and hydroentanglement method were investigated (10).

Nonwovens were coated with Ni, Cu, Al, NiO and CuO
coatings from one and from both sides. Thin metal and metal
oxide coatings were applied using direct currect (DC)
magnetron metal coating and reactive oxide coating methods.
For the first sample surface etching was performed and no
coating was applied so that changes of the properties of the
nonwoven material could be evaluated after cleaning the
surface (11), (12). Technical data of thin film deposition
process is given in Table I. Previously studied samples of
woven fabric were modified using the same method and the
same coating materials. Technical data for thin film deposition
is displayed in (13).

Thermogravimetric method was used to investigate the
moisture content of hemp fibre nonwovens. Thermogravimetric
method is based on continuous recording of mass changes of a
sample of the material as a function of a combination of
temperature and time. When samples are heated water and other
substances evaporate from the samples. Chemical reactions and
dilapidation can take place in the sample at 70 °C temperature.
This method was used to determine of water absorption
characteristics of samples with and without metal and metal
oxide coatings. Thermogravimetric analysis was performed for
samples held in normal climatic conditions (65 +5 % relative
humidity of air, 20 + 2 °C temperature) and samples held in
environment with 95-98 % relative humidity. Differential
thermogravimetric analyser DTG-60 was used. The experiment
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was carried out in argon gas atmosphere. Temperature
amplitude was 35-230 °C and it was increased linearly with
10 °C-min%. During the experiment mass loss (in mg) was
measured every second. The measurement results of TG
analysis were displayed linearly in graph by software TA-60WS
(13) — (15).

I1l. RESULTS AND DISCUSSION

Here thermogravimetry measurement data is analysed and
the results of thermogravimetric analysis of previously
researched woven fabric and nonwoven samples are compared
(13).

TABLE |
TECHNICAL DATA FOR DEPOSITION OF THIN COATINGS
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Fig. 1. Mass loss from woven fabric samples held in normal climatic conditions depending on temperature (13).
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Fig. 2. Mass loss of nonwoven samples held in normal climatic conditions depending on temperature.
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Fig. 3. Mass loss of moist woven fabric samples depending on temperature (13).

Thermogravimetry measurements for woven fabric samples
held in normal climatic conditions are given in Fig. 1. Woven
fabric samples, after holding them in normal climatic
conditions, lose 6-9 % by weight. From these samples the
sample with Al coating and with the second thickest coating
(970 nm) had the greatest loss of weight (8.8 %). Also from
these samples the sample with the third thickest coating of CuO
(730 nm) had the smallest loss of weight (6.6 %). Therefore, it
can be concluded that moisture absorption properties were not
directly dependent on the thickness of the coating. The
exception is the uncoated woven fabric sample that lost only
2 % by weight. Cleaning and etching of the sample surface
affects weight loss, because surface becomes active and attracts
more moisture. It can also be concluded that etched woven
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fabric samples held in normal climatic conditions attracted
water much better than the uncoated sample (13).

Thermogravimetry measurements for nonwoven samples
held in normal climatic conditions are given in Fig. 2.
Nonwoven samples lost 7-8 % of their weight. All nonwoven
samples have almost equal weight losses, showing that they are
more uniform than woven fabric samples and attract a similar
amount of water regardless of the surface modification. The
sample with NiO coating on both sides had the smallest loss of
weight — 7.1 %. The etched sample and sample with CuO
coating on both sides had the greatest loss of weight — 8 %. Both
of these samples are etched and this allows better water
retention. Also one of them is covered with the thinnest layer of
CuO nanoparticles compared to other coated samples, so it is
able to absorb more water.
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Fig. 4. Mass loss of moist nonwoven samples depending on temperature.

Mass loss of moist woven fabric samples under the influence
of temperature is shown in Fig. 3. Moist woven fabric samples
lose 8-12 % of the original mass. Mass loss of uncoated moist
woven fabric sample is similar to mass loss of other samples —
9.4 %. Moist etched sample and sample with thinnest Al
coating had the greatest loss of mass — 11.7 %, 11.4 %. Their
surface is the best for water attraction. Samples with Ni and NiO
coatings on one side had the smallest loss of mass — 8.6 % and
8.7 %. It can be concluded that the moist etched sample without
coating attracts water much better than other samples, but the
coating reduces water attraction (13).

Mass loss of moist nonwoven samples under influence of
temperature is shown in Fig. 4. After holding in 95-98 %
relative humidity the mass loss of nonwoven samples is 8-9 %.
Again the data again shows that nonwoven samples have more
uniform structure than woven fabric samples and attract water
equally good. Sample with Ni coating had the smallest loss of
mass — 7.8 %. Uncoated sample and sample coated with Cu
nanoparticles that were etched for 25 min and 5 min had the
biggest loss of mass — 8.7 %.

IV.CONCLUSION

Changes in hemp fibre nonwovens ability to absorb water
have been investigated after deposition of metal and their oxide
nanoparticles. Samples with Ni, Cu, Al, NiO and CuO coatings
have been created and for one sample, only surface cleaning
was performed. Water attraction properties have been
determined for samples with/without surface modification,
samples held in normal climatic conditions and in air with
moisture content of 95-98 %. The obtained results were
compared with the results of previous research based on

investigation of water absorption of metalized bast fibre woven
fabric. (13)

After performing the thermogravimetric analysis, it was
concluded that:

* Unlike woven fabric samples, hold in normal climatic
conditions, the etching process do not significantly affect the
ability of nonwovens to absorb water, but it can be observed
that the coatings slightly reduced it.

« Almost uniform weight loss of nonwoven samples shows
that they are more even than previously studied woven fabric
samples and attracts a similar amount of water regardless of the
surface modification.

It can be concluded that metallization of hemp fibre
nonwovens retains hygroscopic property of this textile
materials independent of coating thickness. Therefore, moisture
content must be controlled also in nonwovens with coating of
metal and their oxide nanoparticles.
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Uljana Iljina, Ilze Baltina, Andrejs Liisis. Kanepaju Skiedru neaustas dranas modificétas ar metalu un to oksidu nanodalinam

Tekstilmaterialu metalizacija ir plasi izmantota to modifikacija, kas Jauj mainit tekstilmaterialu ipaSibas, izmainot to pielietojumu. Virsmas
parklasana ar metala un metala oksida nanodalinam lauj iegtit vieglus, lokanus materialus ar metaliem raksturigam ipasibam — elektrovadamibu,
aizsardzibu pret starojumu, ar antibakterialam ipasibam, u.c. Parasti metala parklajumus uznes uz sintétiskiem tekstilmaterialiem to vienmerigas
struktiiras dél. Ta¢u veérojama tendence $osS sint&tiskos materialus aizstat ar dabigu, parstradajamu materialu, kas daba noardas. Metalizgjot
tekstilmaterialus, kas izgatavoti no dabigam $kiedram, janem véra, ka Siem materidliem piemit higroskopiskas ipasibas. Udenim piemit
elektrovadamiba un tas var ietekm&t metaliz&tu tekstilmaterialu elektriskas 1pasibas.

Eksperimentala dala pétits ka mainas kanepaju skiedru neausto dranu spgja piesaistit ideni péc metalu un to oksidu nanodalinu uznesanas. legtitie
rezultati salidzinati ar metalizétu liksnes Skiedru auduma paraugu tdens absorbcijas sp&jam. Mitruma saturs p&tamos paraugos noteikts,
izmantojot termogravimetrijas metodi. Udens saturs pétits tekstilmaterialiem p&c to izturgSanas dazados klimatiskos apstaklos — normalos un 95—
98 % relativaja mitruma — analizgjot paraugu masas zudumus atkariba no karséSanas temperatiiras.

Veiktie petijumi parada, ka kodinasanas jeb virsmas attiriSanas process tik bitiski neietekmé neausto dranu sp&ju piesaistit aideni, ka tas ietekmé
auduma paraugu spéju piesaistit tideni. Tacu metalu un metala oksidu nanodalinu uzne$ana $o sp&ju pasliktina. Paraugu salidzino$i vienadie
masas zudumi parada, ka neausto dranu paraugi ir vienmerigaki, neka ieprieks pétitie auduma paraugi, un piesaista lidzigu tidens daudzumu,
neatkarigi no virsmas modifikacijas. Var secinat, ka liksnes Skiedru tektilmaterialu metalizacija vaji ietekmé So materialu higroskopiskas Tpasibas.
Tadg] mitruma saturs $ados metaliz&tos materialos ir jakontrolg.

Yabana Habuna, Wimse Banteins, Aunapeii Jlycue. Herkanble MaTepuajibl M3 KOHOIUISIHBIX BOJIOKOH, MOAM(UIMPOBAHHbIE
MeTaJTHYeCKHMH H MeTAJNIOOKCHIHBIMH HAaHOYACTHIIAMH

Merammm3anys TEKCTWIBHBIX MaTEePUaJioB SIBISETCS IIMPOKO PACIpPOCTPAHEHHBIM BUAOM MOIM(HKAIUH, KOTOPHIH ITO3BOJISIET M3MEHUTH
CBOMCTBA TEKCTHWJIBHBIX MaTepUalioB, TaKUM 00pa3oM HU3MeHsAs cdepy HX INpuUMeHeHHs. [IOKphITHE IMOBEPXHOCTH METaUIMYECKUMH H
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METaJIOOKCUIHBIMIA HAHOYACTHIIAMH IO3BOJSET IOJIYYUTH JIETKHE, TMOKHME MaTephaibl CO CBOWCTBAMHM, XapaKTEPHBIMH IJISI MeTaia —
JNEKTPONPOBOAHOCTD, 3alllUTa OT H3JIy4eHMs, aHTHOaKTepuaiabHble cBoicTBa M Jp. OOBIYHO METAIMYECKHe IOKPBITHS HAHOCAT Ha
CHHTETHUYECKHE TEKCTUIBHBIE MaTEePUAIbI 110 IPUYHNHE OJHOPOJHOCTH CTPYKTYphl. OHAKO HAOMIOJaeTCs TEHACHIHS K 3aMEHEe CHHTETHUECKUX
CcyOCTpaTOB Ha HaTypalbHble MaTepHallbl, MOIJEXKAIIUe MepepaboTKe M OHMOJOTHUECKOMY pa3IOKEHHI0. MeTannu3upysi TeKCTHUIIbHbIE
MaTepHaibl U3 HATYypaJIbHBIX BOJOKOH, CIE€AYeT YUUTHIBAaTh, YTO ITH MaTepHalbl 001aal0T TMTPOCKONMYECKHMH CBoMicTBaMU. Boze mpucymia
JJIEKTPONIPOBOIHOCTD, KOTOPAs MOXKET IIOBJIUATH Ha HIEKTPUUECKUE CBOUCTBA METAIIIM3UPOBAHHOIO TEKCTUIIS.

B skcnieprMeHTaNBHOM 9acTH HCCIIeJOBaHbBl H3MEHEHHS CIOCOOHOCTH HETKaHOTO MaTepHaja U3 KOHOIUITHBIX BOJIOKOH BITHTHIBATh BIIATY IOCIIE
HAHECCHUS METAJUTMUECKUX U METAITIOOKCUAHBIX HAHOUACTUIL, TAKXKE IPOBE/ICHO CPAaBHEHHUE IIOTyUEHHBIX PE3YJIbTATOB C pe3yIbTaTaMU CBONCTB
TIOTJIOIICHNS BIIATH paHee UCCIIeT0BaHHBIX 00pa3IoB U3 ry0sHoH TkaHu. CoJiep)kaHue BIary B UCCIEAYEMOM MaTepralie OIpeesieTcss METOJ0M
TepMorpaBuMeTpuu. MccaenoBana moreps Beca 06pas3LoB B 3aBUCHMOCTH OT TEMIIEPATYPBhI, OCIIE BHIICP)KUBAHHS B PA3TUIHBIX KIIMMaTHUECKUX
YCIIOBHUSX —HOPMAJIbHBIX KIIMMAaTHYECKUX YCIOBHAX H TIPU BIKHOCTH Bo3ayxa 95-98 %.

ITpoBeneHHbIE HCCIEI0BAHUS TTOKA3BIBAIOT, YTO MPOIIECC OUUILECHHUS TIOBEPXHOCTH B IJIa3Me HECYILECTBEHHO BIUSIET HA CHOCOOHOCTh HETKAHOTO
MaTepHana BIHUTHIBATh BJary, B OTJIMYME OT BIMSIHUS Ha CIIOCOOHOCTh JyOSHOHM TKaHM IOINIOIIATh BIary, B TO BpeMs KaK HaHECEHHE
METAJUIMYECKUX U METAITIOOKCHIHBIX HAHOYACTHUI] YXYJIIaeT 3Ty CHOCOOHOCTb. OTHOCHTEIBHO CXO0XKHE MOTEPH MAcChl HETKAHBIX 00pa3lioB
MOKAa3bIBAIOT, YTO 0Opa3lbl M3 HETKAHOTO MaTepHala paBHOMEpHee 00pasloB M3 JTyOsHOW TKaHH M BIHUTHIBAIOT CXO0XKee KOJIMYECTBO BIIArH,
HE3aBUCHMO OT MOAM(HKAIMU MOBEPXHOCTH. MOXKHO c/eNlaTh BBIBOJ, YTO METALIM3AINS TEKCTHIBHBIX MATEPUAJOB U3 JIyOSHBIX BOJIOKOH
COXpaHsIeT TUrPOCKOINMYHOCTD 3TUX TEKCTUIIBHBIX MaTepHuaioB. [loaToMy copepxaHue Biaark B METaJUIM3UPOBAHHBIX TEKCTUIIBHBIX MaTepUanax
JIOJKHO KOHTPOJIMPOBATHCSL.
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