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Abstrakt: Pokracujuci a neustéle napredujici multidisciplinarny vyskum v oblasti textilnych vlakien,
Specialnych priadzi, elektricky vodivych textilii, biomedicinskych textilnych senzorov, bezdrétovej a
mobilnej komunikacie spojenej s telemedicinou, dnes smeruje najma k vyvoju progresivnych
inteligentnych biomedicinskych odevov. Mobilné monitorovanie fyziologickych funkcii cloveka
pomocou inteligentnych odevov umozriuje snimat, zaznamenavat, spracovavat a prenaSat
namerané biologické signaly, ako su napr. aktivita svalstva (dychanie), aktivita srdca (EKG),
aktivita nervového systému (EEG), telesna teplota a dalSie impulzy.

Prispevok je zamerany na vyuzitie elektricky vodivych textilii - pletenin, z ktorych boli pripravené
textiiné senzory a aktivne, kapacitne viazané elektrédy uréené na monitorovanie a snimanie
fyziologickych  signalov  cloveka (EKG). Prezentované budd aj vysledky merania
elektrokardiografického signalu ¢loveka pomocou aktivnych, kapacitne viazanych elektréd bez
priameho kontaktu s pokozkou ¢loveka.

KrIicové slova: elektrovodivé vliakna, elektrovodivé zmesné priadze, textiiné senzory, elektricky
odpor, biopotencidly, elektrokardiograficky signal
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1 UvVOoD

Funkcionalizacia textili sa v poslednom
desatroCi dostala do popredia velkého
zaujmu vyskumnych pracovnikov a viedla k
rozvoju Specialnych elektrovodivych
textingch materialov, najma pre oblast
zdravotnickych aplikécii, ktoré su predmetom
rieSenia mnohych vyskumnych projektov [1].
Problematika inteligentnych textilii pre
medicinu a zdravotnu starostlivost patri

medzi jednu s najdynamickejSie sa
rozvijajucich  multidisciplinarnych  oblasti.
Pokrok dosiahnuty v oblasti polymérov,

textilnych materialov, mikroelektroniky,
biosenzorov a mobilnej komunikéacie viedol ku
zvysSenému zaujmu 0 bezdrbtove
monitorovanie biopotencialov (biologickych
signalov) c¢loveka, medzi ktoré patri aj
elektrokardiogram (EKG) [2].

Elektrokardiografia je  dolezitou a naj-
pouZzivanejSou diagnostickou metédou na
odhalenie srdcovych ochoreni. Tradi¢né
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meranie EKG vyuziva kovové Ag-AgCl
elektrody, ktoré su v priamom kontakte s
pokozkou. Na zniZenie prechodového odporu
na rozhrani elektréda - koza sa pouziva
elektrovodivy gél. Pri dlhodobom moni-
torovani EKG dochadza k vysychaniu gélu a
tym aj k zmene prechodového odporu na
rozhrani elektréda - koza, €o sa prejavi
zmenou kvality snimaného signalu. NavySe
modze pri takomto merani dochadzat k
alergickej reakcii koZze na material elektrody.
Uvedené nedostatky odstrafiuje meranie
EKG bez priameho kontaktu s koZou, ktoré
vyuZziva elektrody s kapacitnou véazbou. Tento
typ merania je vhodny pre dlhodobé
monitorovanie EKG najma v domacom
prostredi a preto mdZe zastavat dolezitu
Ulohu v Home-Care aplikaciach [3].

Progresivnym rieSenim tohto probléemu je
integracia elektricky vodivych textilnych
elektrod, vyrobenych z vodivych viakien resp.
zmesnych elektricky vodivych priadzi, do
odevu. Rbzne metddy vyroby poskytuju
viacero moznosti  pripravy  vhodnych
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elektrovodivych textilnych Struktar. Dolezité
vSak je, aby sa zachovala zodpovedajuca
vodivost a Struktara textilie [4]. Meranie
biologickych signalov prostrednictvom
elektricky vodivych textilii vo forme textilnych
senzorov pouzitych v inteligentnych odevoch
ma& mnozstvo vyhod, medzi ktoré patri
volnost pohybu monitorovaného subjektu,
zvyseny komfort pri monitorovani
fyziologickych  funkcii, absencia drétov,
spdjajucich elektronické obvody senzorov so
zdrojmi energie a pod. [5].

Tento prispevok sa zameriava na overenie
funkénosti  elektricky  vodivych  textilii
integrovanych do konStrukcie aktivnych,
kapacitne viazanych EKG elektrod z hladiska
snimania EKG  biopotencidlu  ¢loveka
vrealnom C¢ase. Ciefom prispevku je
prezentovat vysledky vyskumu zameraného
na  moznosti  monitorovania  srdcovej
frekvencie (EKG), zaloZzené na vyuZziti
aktivnej, kapacitne viazanej elektrody, ktorej
snimaciu Cast tvori elektricky vodiva textilia.
Funk&nost modelovych vzoriek vyvinutych
aktivnych, kapacitne viazanych elektrod bola
overena kontrolnym meranim na realnom
subjekte. Jedna sa o efektivne a moderné
rieSenie pre inteligentné odevy vo forme

textiiného rozhrania, umoznujuceho
integraciu senzorov, napajacich a
komunikaénych prvkov, ako aj zbernych

datovych jednotiek za uc€elom vytvorenia
komplexného systému monitorovania
fyziologickych funkcii ¢loveka.

2 EXPERIMENTALNA CAST

V experimentalnej €asti su uvedené zakladnée
informacie o materidloch  pouzitych na
pripravu elektricky vodivych textilii, priprave
aktivnej, kapacitne viazanej textilnej elektrody
a metodologii pouzitej pri vyhodnocovani
nameraného EKG signalu.

2.1 Materialy

Elektricky vodiveé textilie

Funkénym prvkom elektricky vodivych textilii
su elektrovodivé vladkna, ktorych elektricka
vodivost sa liSi v zavislosti od ich
materialového  zloZenia. Na  pripravu
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elektrovodivych zmesnych priadzi bol pouzity

vysokokvalitny — multifilamentovy elektricky
vodivy polyamidovy  textilny hodvab
povrstveny striebrom.

Elektrovodivé priadze na baze zmesi

elektricky vodivého vlakna a Standardnych
nevodivych vlakien boli pripravené
technolégiou zosukavania na multifunkénom
zosukavacom zariadeni DirecTwist 2B. V
ramci experimentalnych prac boli pripravené
dvojzlozkové elektricky vodivé zmesné
priadze metédou jednoduchého a dvojitého
ovijania typu ,Cabling“ atypu ,Diamant’ s
réznym poctom vodivych vldkien vo svojej
konsStrukcii. Na priadzach boli vyhodnotené
elektrovodivé vlastnosti s ciefom stanovit’ ich
optimalne funkéné parametre. Vysledky
ukazali, Ze Struktara zmesnych priadzi
vyznamne ovplyviiuje ich elektrovodivé
vlastnosti a so stupajucim poctom vodivych
vlakien dochadza k poklesu elektrickeého
odporu. Spomedzi testovanych priadzi
najlepSie elektrovodivé vlastnosti vykazovala
priadza typu Diamant, ktorej elektricky odpor
bol na drovni 129 Ohm/m priadze s poctom
10 vodivych vldkien v konstrukcii [6]. Na
zaklade dosiahnutého elektrického odporu
bola tato priadza vySpecifikovana pre dalSie
experimentalne prace. Takto pripravené
dvojzloZzkoveé elektrovodivé priadze ziskavaju
elektrické vlastnosti bez straty textilného
charakteru a bez obmedzenia ich dalSej
spracovatelnosti klasickymi technologickymi
postupmi, ako napr. pletenim.

Elektrovodivd  priadza  bola uspesne
spracovana do konsStrukcie hladkej
jednolicnej zétaznej hadicovej pleteniny

pripravenej na okruhlom pletacom stroji.
Vysledna elektricky vodivad pletenina mala
homogénne vlastnosti, bez akychkolvek
nerovnomernych miest alebo ¢asti.

Elektricky vodivé textilné senzory

V ramci experimentalnych prac, za ucelom
pripravy textilnych senzorov, boli
z pripravenej pleteniny nastrihané Stvorce s
rozmermi 5x5 cm, ktoré boli obSité elektricky
vodivou Sijacou nitou. Funkénost vyvinutych
senzorov bola overovana meranim
elektrického odporu v kfudovom stave.
Zakladnym kritériom bolo dosiahnutie ¢o
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1 Q) vkazdom smere na ploche 3x3 cm.
Elektricky odpor pripravenych textilnych
senzorov bol dosiahnuty na arovni priblizne
0,57 Ohm ato vkazdom smere plochy 3x3
cm. Vysledky ukézali, Ze  vyvinuté
elektrovodivé priadze moézu 0cinne zlepsit
elektrovodivé vlastnosti pletenin a textilnych
senzorov bez negativneho ovplyvnenia ich
dalSej spracovatelnosti. Takto pripraveny
textiingy senzor bol pouZzity v konStrukcii
aktivnych, kapacitne viazanych textilnych
EKG elektrod.

2.2 Priprava aktivnej, kapacitne viazanej
elektrody a jej aplikacia do odevu

Pri priebeznom monitorovani zdravotného
stavu Cloveka je nutné dlhodobé meranie
fyziologickych  signélov. Preto textilné
elektrody uréeneé na monitorovanie
zdravotného stavu boli navrhnuté tak, aby
boli ¢o najmenSie a aby boli ¢o najmenej
ovplyviiované ruSivymi vplyvmi, ku ktorym
dochadza napr. v doésledku pohybu. Navrh
konStrukcie aktivnej, kapacitne viazanej
elektrédy bol navrhnuty a inSpirovany [7] a
pozostava zo Styroch vrstiev. Prva vrstvu
tvori elektricky vodivy textilny senzor, ktory je
citivou d¢astou elektrody a zabezpecuje
snimanie a vedenie signalu do zbernegj
jednotky. Druhu vrstvu tvori nevodiva textilia,
ktoré funguje ako izolacia. V strede vrstvenej
Struktary sa nachadza mikroelektronika, ktora
tvori  tretiu  vrstvu  elektrody. VSetky
elektronické prvky si0 na pruznej doske,
umozniujucej jednoduché zakomponovanie
mikroelektroniky do aktivnej elektrddy.
Aktivne elektrédy sa tvorené nizkoSumovym
operatnym  zosiliovatom v  zapojeni
napatového sledovada. Ulohou takéhoto
zapojenia je transformovat vysokd vstupnu
impedanciu medzi povrchom elektrody a
koZou na malu vystupnu impedanciu. Fyzicky
je aktivna elektréda tvorena doskou ploSnych
spojov (PCB) s operacnym zosilhovacom a
textilnou vrstvou. Pripojenie aktivnej snimacej
plochy na vstup zosilhovaca je realizované
pomocou elektrovodivej priadze. Stvrta vrstva
je opat nevodiva a funguje ako izolacia, ktora
ju chréani pred ruSivymi vplyvmi.

Vldkna a textil (4) 2014
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Elektréda, ktora bola vyvinuta v ramci
popisovanych vyskumnych prac, transformuje
signaly s vysokou vstupnou impedanciou na
signély s nizkou impedanciou a bola uréena
na meranie EKG signalu bez elektrovodivého

gélu alebo lepidiel, vyvolavajucich
podrazdenie pokozky v mieste uloZenia
elektrody.

Na pripravu  prvého  prototypu  tzv.

Jnteligentného odevu“ boli pouzité dve
aktivne, kapacitne viazané EKG elektrody.
Elektrody boli naSité na rubnd stranu
zadného dielu nevodivého elastického tricka
z baviny, ktoré obopina hrudnik
monitorovaného C¢loveka. Elektrody su tak v
priamom kontakte s pokozkou cCloveka bez
obmedzenia komfortu nosenia  odevu.
Elektrody boli umiestnené zhruba 7 cm pod
lopatkou monitorovanej osoby vo vzdialenosti
cca 7 cm od seba (Obr. 1).

Obr. 1 Umiestnenie aktivnych textilnych elektréd
na prvom prototype inteligentného tricka

Pripojenie kapacitnej elektrédy k jednotke
zberu dat bol realizovany pomocou
medenych drotikov. Komunikaciu medzi
monitorovacou 0sobou a monitorovacou
stanicou zabezpelCuje USB rozhranie, ktoré
prenasa nasnimané data v readlnom Case do
pocitaca.

2.3 Metodoldgia
Elektrické prejavy v organizme su zaloZzené
na elektrickych vlastnostiach svalového a

nervového tkaniva. Principom
elektrokardiografie (EKG) je snimanie
elektrickej  aktivity srdca v  podobe
elektrokardiogramu (zaznam casovej zmeny
elektrického potencialu, spb6sobeného
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aktivitou srdca, vo forme EKG kriviek).

Aktivne elektrody sliZzia ako senzory
detegujuce elektrické signaly vytvarané
tkanivom srdca [8].

Na  Obr. 2 je Dblokovd schéma

elektrokardiografu bez priameho kontaktu
s pokozkou ¢lovek.

C
l .......................... {_ tienenie

s

izosilfiovad
a filter

&
|

<— obledenie

aktivna
elektroda;

- &

IR aktivna
o Elekiroda;

Q=0 e~
+

Obr. 2 Blokovy diagram kapacithého merania
EKG

Aktivha plocha elektrédy predstavuje jednu
platfiu doskového kondenzatora, druha platha
je tvorena povrchom pokoZzky. Kapacita takto
vytvoreného kondenzatora zavisi od troch
faktorov — plochy platni S, vzdialenosti platni
d adruhu izolatného materidlu medzi
platfhami, ktory je dany svojou permitivitou &
Podla publikovanych ¢lankov [7, 9] bola
zvolena plocha aktivnej elektrody o velkosti
5x5cm. Pre zakladny vypocCet sa ako
dielektricky  material pouZilo  bavinené
oble€enie s hrabkou 0.5 mm. Podla [10] bola
stanovend relativna permitivita baviny
& = 5.34. Kapacitu kondenzéatora vypocitame
pomocou rovnice:

C=¢,¢ S =151 pF (2)

Staticky naboj na kondenzatore alebo na
obleCeni sa vybija pomocou rezistora
s vysokou hodnotou odporu [3]. Kombinacia
kondenzatora S rezistorom vytvara
hornopriepustny RC filter. Hodnota medznej
frekvencie filtra sa odvija od zvolenej hodnoty
odporu R. Pre hodnotu odporu R =2 GQ
vypocitame medznu frekvenciu filtra:
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f=— T _=053Hz @)
27RC

Uvedena medzna frekvencia filtra umozni
potladit velmi nizke frekvencie, ktoré
zodpovedaju napr. pokojnému dychaniu.
Kvoli potlaCeniu Sumu z okolitého prostredia
je elektronika aktivnej elektrody tienena
kovovym krytom a signaly su k diferenénému
zosilnovaCu vedené tienenymi kablami.
Napriek tymto opatreniam je signal nadalej
silne zaSumeny vplyvom elektrickej rozvodne;j
siete (50 Hz). Diferen¢ny zosilfiovag je velmi
efektivny pri potla¢ani suhlasnej zlozky
napatia (Sumu) na oboch svojich vstupoch.
Kvoli vyraznej asymetrii vstupnych signalov
nedochadza k o¢akavanému potlaceniu Sumu
pomocou diferen¢ného zosilnovaca.
Asymetria signalov je sposobena rozdielnymi
lokadlnymi  parametrami  (napr.  hrubka
obleCenia, pritlak elektrédy, ...) v mieste
umiestnenia aktivnych elektréd. Obvod je
preto doplneny aktivnym potlaenim Sumu
elektrickej siete pomocou takzvaného Driven
Right Leg (DRL) obvodu. Pri konven¢nom
kontaktnom merani EKG sa DRL elektroéda
umiestiiuje na pravd nohu. Pri ,bez-
kontaktnom“ merani EKG je mozZné pouzit
kapacitni obdobu DRL elektrody ako bolo
opisané v [7]. Signal na vystupe diferenéného
zosilfovaCa je dalej zosilneny a filtrovany.
Takto upraveny signal je privedeny na vstup
AD prevodnika s rozliSenim  12-bit.
Digitalizovany signal je prenasany do PC cez
USB rozhranie. Komunikaciu s PC riadi 8-bit
mikrokontrolér AT89LP2052 od firmy Atmel.
Prototyp pre ,bezkontaktné“ snimanie EKG je
zobrazeny na Obr. 3.

Electrodes
Inputs

Obr. 3 Prototyp zariadenia pre meranie EKG bez
priameho kontaktu s koZou
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Elektrokardiogram bol nasnimany
prostrednictvom vodivych textilnych elektréd.
Namerané Udaje boli prenesené v realnom
Case do centralnej jednotky, kde bola
vykonana ich analyza.

3 VYSLEDKY A DISKUSIA

Funk&nost aktivnych, kapacitne viazanych
elektrod bola overen& niekolkymi skasobnymi

bbb Ll

21 m F1v) 213 21

Frekvenéné spekirum
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meraniami pomocou simulatora pacienta, ako
aj meranim na reélnej osobe. Merania boli
realizované v sediacej polohe monitorovanej
osoby. EKG signal nasnimany pripojenim
simulatora pacienta na aktivne textilné
elektrody a signal nasnimany z reélnej osoby
pomocou aktivnych textilnych elektrod je
uvedeny na Obr. 4 a 5.

PR

218

215 216 213

0
10 20 3 0 0

1

Frekvencia [Hz]

Obr. 4 Signél (horny graf, os X predstavuje ¢as v sekundach, os Y amplitida v kvantizacnych
drovniach) nasnimany pripojenim simulatora pacienta na aktivne textilné elektrody spolu s
frekvenénym spektrom (dolny graf, os X predstavuje frekvenciu v hertzoch, os Y amplitida bez

rozmeru)

.........
0 0 70 80 0

[ T T T AR S Toeeedtl
1 10 Fal 30

Obr. 5 Signél (horny graf, os X predstavuje ¢as v sekundach, os Y amplitida v kvantizacnych
arovniach) nasnimany z realnej osoby pomocou aktivnych textilnych elektrod spolu s frekvenénym

spektrom (dolny graf, os X predstavuje frekvenciu v

hertzoch, os Y amplitida bez rozmeru), na ktorom

je vidno vyrazny sietovy Sum (Cervena spektralna Ciara)

Vldkna a textil (4) 2014
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EKG signal nasnimany z reéalnej osoby bol
znacne znehodnoteny sietovym Sumom ako
je to viditefné na Obr. 5. Pre odstranenie
tohto neziaduceho artefaktu bude nutné
v buduicnosti  pouzit softvérovy filter, tj.
pasmovl zadrz na frekvenciu 50 Hz. Na
zaklade uvedenych vysledkov je mozné
konStatovat, Ze vyvinuty textilny senzor
a aktivna kapacitne viazana elektroda je
schopn& detegovat EKG signal a navrhnuty
odevny systém tak vytvara funkény systém
snimania EKG signélu ¢loveka na suchom
rozhrani bez nutnosti pouzitia gélu.

4 ZAVER

Snimanie biopotencialov pomocou aktivnych,
kapacitne viazanych elektrod pripravenych
z elektricky vodivych textilii je progresivnym
rieSenim merania EKG signalu bez priameho
kontaktu s pokozkou Cloveka. Metdda
bezkontaktného merania EKG  signalu
Cloveka je alternativou tradicnych Ag/AgCl
elektrod, pripeviiovanych na telo za mokra
pomocou gélu.

Dbkazom tohto tvrdenia su vysledky uvedené
vtomto prispevku, ktoré dokazuju, Zze
vyvinuté aktivne, kapacitne viazané elektrody
pripravené z elektricky vodivych textilii su
plne funkéné a dostatoCne citlivé na to, aby
boli schopné snimat EKG signal cloveka.
Nakolko nasnimané signaly su znehodnotené
sietovym Sumom, v dalSom kroku bude
potrebné odstranit tento Sum pomocou
softvérového filtra pri samotnom spracovani
signalu. Odstranenie sietového Sumu je preto
tloha, ktord sa bude rieSit v nasledujucom
obdobi, tak aby bolo moZné zobrazovaci
softvér pouzivat online. Vysledky merani su
velmi povzbudivé a stali sa vychodiskom pre
dalSie vyskumné a experimentalne préce.
Dalsie prace budld preto zamerané na
zdokonalovanie jeho konStrukcie
a parametrov aktivhych elektréd, ako aj na
optimalizaciu prenosu signélov. Po vyrieSeni
problémov a Sumov, vznikajucich
predovSetkym v dosledku pohybu, vyvinuté
textiiné elektrody moézu byt pouzité v
inteligentnych ~ odevoch  uréenych  na
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kratkodobé aj dlhodobé monitorovanie EKG
signalu ¢loveka.

Podakovanie: Tento prispevok vznikol v ramci
rieSenia projektu ,VYskum technoldgii a vyrobkov pre
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Doijcilovic: Investigation of the electrical behavior of

POSSIBILITIES OF APPLICATION OF ELECTROCONDUCTIVE F ABRICS TO
PREPARE SMART CLOTHING DESIGNED FOR ECG MONITORING

Translation of the article
MozZnosti vyuZitia elektricky vodivych textilii na p ripravu inteligentnych odevov
uréenych na monitorovanie EKG

On-going and continuously progressing multidisciplinary research in the field of textile fibres,
special yarns, biomedical textile sensors, wireless and mobile communication, relating to
telemedicine, is directed mainly to development of progressive smart biomedical clothing
today. Mobile monitoring of human physiological functions using smart clothing enables to
sense, record, process and transmit the measured biological signals such as muscle activity
(breathing), heart activity (ECG), activity of neural system (EEG), body temperature and other
impulses.

The paper focuses on application of special electroconductive textiles - knitted fabrics, from
which textile sensors and active capacitive electrodes designed for monitoring and sensing of
human physiological signals (ECG) were prepared. Results of measurement of human
electrocardiosignal using active capacitive electrodes without direct contact with human skin
will be presented as well.
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HYDROFILNA NANOUPRAVA TEXTILNYCH MATERIALOV

Peter Deanko a Jozef Sestak

VUTCH - CHEMITEX, spol. s r. 0., Rybniky 954, 011 68 Zilina, Slovenské republika
vutch@vutch.sk, jozef.sestak@vutch.sk

Abstrakt: V &lanku je prezentovana aplikacia sél — gél postupu pre hydrofilné nanodpravy ploSnych
textilii. Uvedeny je postup pripravy nanosélového zoslachtovacieho roztoku, vratane pouZitych
prekurzorov, podmienky jeho aplikacie a tvorby modifikovaného povrchu textilie pre hydrofilntd
funkénu dpravu. Pre vyhodnotenie dosiahnutych fyzikalno-mechanickych viastnosti hydrofilne
upravenych textilii st pouzité Standardné i modifikované skusobné metddy. Dalej su v &lanku
uvedené vysledky hodnotenia zmeny hydrofilnych vlastnosti na upravenych PES, PAD a PP
textilidch a vzajomné porovnanie udéinnosti upravy. Posudeny je vplyv predupravy textilii

nizkoteplotnou plazmou na dosiahnuti zmenu hydrofilnych vlastnosti textilii.

V zavere su

diskutované pozitivne aj negativne zmeny uzitkovych a funkénych viastnosti upravenych textilii.
Kracové slova: sél — gél, hydrofilna tprava, textil, nizkoteplotna plazma.

1 UvoD

Sol - gél technika upravy plosnych textilii je
zaloZena na principe premeny solu SiO; (s
nizkou koncentraciou) odparenim
rozpustadla (lieh, nepolarne rozpustadla
a pod) na gél, ktory zabrani jeho migracii na
povrch. Naslednou ¢astou zoslachtovacieho
procesu je premena sOlu na xerogél
(vysuseny gél) s pozadovanymi vlastnostami,
ktory zlepSuje kvalitativne parametre textilie.
Lieh alebo iné pouzivané organické
rozpustadla su horfaviny a v textilnej praxi, za
beznych prevadzkovych podmienok, su
nepouzitelné. Vyskumné prace boli dalej
orientované na aditivaciu nanosélov s
moznostou riedenia pracovnych roztokov
vodou bez zmeny vlastnosti sélov. Urcitou
nevyhodou aplikacie sél — gél uprav je zmena
ohmatu upravovanej textilie pdsobenim
anorganického xerogélu.

2 TEORETICKA CAST

ZlepSenie hydrofilnych vlastnosti textilii je
mozneé dosiahnut Strukturalizovanim
uzatvoreného povrchu syntetickych vlakien
prostrednictvom vrstvy Castic SiO,, ich
naslednym vplyvom sa zvacsi povrch vilakna,
po ktorom sa transportuje voda. Nové
technologické postupy upravy vyZaduju
ekologicky pristup ku v8etkym zloZzkam tvorby
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noveho upravarenského pripravku. Pre
pripravu prostriedku na hydrofilna upravu boli
vybraté prekurzory organosilanov, ktoré
obsahuju dostatok funk&nych skupin pre
zvysSenie polarity nanosu a su€asne vytvaraju
Strukturovany povrch vlakna.
Pocas vzniku solov a gélov prebieha v ramci
hydrolyzy a kondenzacie niekolko
paralelnych reakcii:
— reakcie medzi vychodiskovymi latkami,
—reakcie medzi vychodiskovymi latkami
a produktmi prvotnej hydrolyzy
—vzajomné interakcie produktov s dodatocnymi
upravarenskymi modifikatormi
—interakcie vSetkych zucCastnenych zlozZiek
vratane  prostriedkov  na  ukoncenie
hydrolyzy.
Deje prebiehajuce v takychto systémoch
spifaju vsetky poziadavky na ich zaradenie
do skupiny chaotickych dejov [1, 2]. Rychlost
hydrolyzy pre jednotlivé prekurzory je rézna.
Podlfa udrovne pH prostredia rychlost
hydrolyzy v kyslom prostredi stupa s jej
klesajucou hodnotou. Hydrolyzu prekurzorov
v kyslom prostredi je doporucené riadit
pridavkom zriedenej kyseliny vo vodno-
alkoholickom prostredi. Rychlost' reakcie je
potom niZSia a nevznikaju velké Castice [3].
Na zaklade uvedenych poznatkov, v ramci
nasich experimentov, bolo zvolené mierne
kyslé prostredie. Na riedenie prekurzorov
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v nevodnom prostredi sme pouzili
izopropanol. Dalej sme sa riadili
odporucCaniami, podfa ktorych sa pri

nespravnej priprave kohydrolyzatu vytvaraju
priliS velké Castice soOlu. Pri naslednej uprave
textiiného vlakna vytvoria na jeho povrchu
ostrovCeky siloxanov, ktoré su od seba
vyznamne vzdialené a suCasne su vytvarané
neupravené plochy na povrchu viakna [4,5].
Idealne rozmery pre ploSné rozmiestnenie
Castic sélu su nasledovné:

vzdialenost 20 - 100 nm

— vyska nad povrchom do 40 nm.

Pri  takomto  zoskupeni dochadza k
relativne dobrému  transportu  polarnych
kvapalin po povrchu.

2.1 Preduprava textilnych materialov

Pri aplikacii hydrofiinych nanosdélov na
hydrofébny  povrch  textiného  vlakna
dochadza v niektorych pripadoch k tvorbe
tzv. ostrovCekov s vysokou koncentraciou
sblu a sucasne vznikaju na povrchu vlakna
miesta bez povrstvenia sélom. Takéto
usporiadanie skresfuje dosiahnuté vysledky
hydrofilnej u&innosti. Preduprava textiliného

Obr.1 Povrch vlakien upravenych solom
s nevhodne riadenou hydrolyzou
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povrchu ma zabezpecit rovnomernu aplikaciu
hydrofilného prostriedkov po celom povrchu.
Jednou z vhodnych metdd je preduprava s

aplikaciou  nizkoteplotného  plazmového
vyboja (DSCBD).
Plazma je vysoko reaktivne prostredie

pozostavajuce z elektronov, radikalov, kladne
a zaporne nabitych i6nov, excitovanych
atomov a molekul a elektromagnetického
Ziarenia. Plazma sa mdze vyuzivat na
aktivaciu povrchu, ktora vedie k zabudovaniu
dvoch typov reaktivnych miest a to radikalov
a funkénych skupin, ktorych zlozenie zavisi
od pouzitého plynu.

Pri funkcionalizacii povrchu zohrava délezitu
ulohu vyber plynu, ktory primarne
determinuje, ktory proces bude dominantny.
Chemicky aktivna plazma vznika pri pouziti
plynov, napr. Oz, CO,, vzduch, N, a iné.
Prostrednictvom aktivacie textiiného povrchu
plazmou je mozné ukotvit na polymérne
povrchy vlakien funkéné skupiny podfla
konkrétnych poziadaviek [5].

Predupravu povrchu PES textilie podsobenim
difuznej plazmy je mozné vykonavat na
zariadeni znazornenom na Obr. 3 a 4.

Obr. 2 Rovnomerne upraveny povrch viakien
s pouzitim nanosolu
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Obr. 3 Celkovy pohlad na plazmovacie zariadenie

2.2 Metody

vlastnosti
Pre hodnotenie hydrofilnych (HFIL) vlastnosti
textilii sme vybrali dve skuSobné metddy
merania hydrofility:

hodnotenia  hydrofilnych

a/ Meranie kontaktného statického uhla na
pristroji Goniometer DSA 30 od fy Kriiss

Skusobna metdéda je vhodna pre strednu
a dobru nasiakavost textiiného materialu t.j.
pre upravy, ktoré kvapku vody nanesenu na

upravenu vzorku textilie nerozptylia po
povrchu textilie do 2 s. Pre dokonale
nasiakavo upravené textilie s vysokou

rychlostou nasiakavosti je metdéda nevhodna,
nakoflko sa na povrchu vzorky textilie
nevytvara meratefna kvapka.

Obr. 5 Goniometer DSA 3

b/ Meranie nasiakavosti vzlinanim podla
skusobnej normy STN 800828 ,Nasiakavost
textilii vo zvislom smere”.

Princip skuSobnej metddy je zaloZzeny
na merani vysky stipca kvapaliny nasiaknute;
v textilii v zavislosti na Case.
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Obr. 6 Detailny pohlad na kvapku kvapaliny
umiestnenu na povrch textilie

3 EXPERIMENTALNA CAST

3.1 Pouzité materialy

Organosilanove prekurzory

Podla technicky = dostupnych  vstupnych

surovin bola pre vyskum vybrana zmes

prekurzorov, organosilanov, v ktorej su na

zakladna  kremiCitu  skupinu  naviazané

organické retazce pre zvySenie hydrofilnosti,

rovhomernosti rozvrstvenia po povrchu

a zaroven obsahuje reakéné skupiny pre

vazbu siloxanového kohydrolyzatu na textilné

vlakna.

Z dostupnych organosilanov boli

nasledovné:

—TEOS - tetraetoxysilan, CAS 78-10-4

— GLYMO - 3 glycylpropyltrimetoxysilan, CAS
2530-83-8

—VTES - vinyltrietoxysilan, CAS 78-08-0

Pomocné chemické latky

Z pomocnych latok pre tvorbu zmesi boli

navrhnuté:

vybrané
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— modifikatory ohmatu
oxyetylat, modifikovany
polysiloxan, polyetylénglykol),

—regulatory reakcie (izopropanol, HCI)

—prostriedky na  ukonCenie  hydrolyzy
(trietylénglykol).

Textilné materialy

Pre overenie aplikacie ucinnosti hydrofilného

nanosolu boli pouZité nasledovné textilné

materialy:

100% PES tkanina, plo§na hmotnost 130 g/m?

100% PP tkanina, plogna hmotnost 120 g/m?

100% PAD tkanina, plodna hmotnost 150 g/m?

(modifikovany
polyuretan,

3.2 Priprava nanosoélovych
zoslacht'ovacich roztokov

Zakladnym  zamerom nasich  experi-
mentalnych prac bolo dosiahnutie zmeny
hydrofébnych PES vlakien na vlakna
hydrofilné.

Pri priprave nanosolového roztoku sme
postupovali nasledovne: prislusné mnozstvo
prekurzorov sme zmieSali s nosi¢om
(izopropanol). Vodny roztok katalyzatora
v izopropanole sme davkovali po kvapkach
za staleho mieSania, aby nevznikali miestne
zhluky reakénych zmesi. Pri  pomalom
mieSani sa vytvaraju zhluky kalného gélu. Po
skonceni reakcie bol ziskany kohydrolyzat vo
forme koncentratu, stabilny a pripraveny na

dalSie pouzitie. Koncentrat kohydrolyzatu
v alkoholickom prostredi bolo potrebné
podrobit ukonCovacej reakcii, aby pri
naslednom riedeni vodou na pracovnu
koncentraciu nedochadzalo k jeho
gélovateniu. Pbévodne  horfavy  roztok

nanosoélu bol vo vodnom prostredi zmeneny

na nehorfavy produkt.

Pocas naslednej aplikacii nanosélu na textiliu

sme registrovali nasledovné negativne vplyvy

pri priprave roztoku nanosolu:

- nedostatona  rychlost  mieSania  pri
davkovani roztoku katalyzatora hydrolyzy,

- vysoka koncentracia zloziek pri hydrolyze,

- vysoka rychlost davkovania roztoku
katalyzatora hydrolyzy do zmesi
prekurzorov.

Z dévodu nespravne stanovenych podmienok
pri priprave kohydrolyzatu sa v roztoku
vytvorili nerovhomerné, velké Castice.
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3.3 Hydrofilizacia textilnych povrchov

Za ucelom overenia zvySenia hydrofilizacie
textilnych povrchov bolo vyskumne
overenych niekolko typov prekurzorov,
pripravenych receptur nanosolov a postupov
pre ich aplikaciu. Cielom overovania vyberu
bolo sledovanie chemickych a Strukturalnych
vlastnosti, ktoré v zmesi vytvaraju
Strukturovany povrch textiinych vilakien
a maju vytvarat vodivu vrstvu pre polarne
kvapaliny. Pre vytvorenie takéhoto povrchu je
dolezité viest chemicku hydrolyzu tak, aby
polarne  skupiny  smerovali  k povrchu
vytvorenej vrstvy solu a reakéné skupiny boli
pripravené na vazbu s povrchom vilakna.

3.3.1 Hydrofilné nanosdly hydrolyzované
v kyslom prostredi

Pre vhodnu pripravu hydrofiinych (HFIL)
nanosolov sme vytvorili podmienky hydrolyzy
v kyslom prostredi. Vyber zakladnej zmesi
prekurzorov organosolov spocival najma
v zohladneni obsahu a podielu organoskupin
schopnych reakcie na povrchu s textilnymi
vlaknami. Z uvedenych dévodov boli ako
najvhodnejsSie prekurzory vybrané
nasledovné: VTES, TEOS, GLYMO. Pre
vytvorenie vhodného prostredia pre hydrolyzu
bol zvoleny izopropanol a ako katalyzator
hydrolyzy bola pouzita kyselina
chlorovodikova.

Bolo pripravenych viacero zmesi
nanosolov (interne oznacenych od typu
20Aaz po typ 20G). SuCasne boli
vyuzivané poznatky z predchadzajucich
priprav.  HFIL  nanosolu  z alkalického
prostredia vo vztahu k  hydrofilnym
vlastnostiam, stabilite vriedeni vodou
a vplyve na povrchové ohmatové vlastnosti
textilie. Po vykonani rozsiahleho suboru
aplikaénych skuSok, najma vo vztahu
k hydrofilnej u€innosti, bola ako najucinnejsSia
vyhodnotena receptura pre HFIL nanosdl typ
20G-3. V uvedenej recepture nanosoélového
roztoku bol stanoveny pomer silanovych
jednotiek ku modifikovanym organosilanom
na podiel 5:1.

Modifikatory povrchu vlakna boli aplikované
za ucelom zmakcovania vysledného ohmatu

HFIL
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textilie tak, aby v pracovnej koncentracii
roztoku boli v rozmedzi 0,5 — 2 %hm.
Hydrofilizujuca zlozka zmesi bola aplikovana
na zmacanie povrchu vlakien. UkoncCovacia
zlozka hydrolyzy je chemicky naviazana na
koncové SiOH skupiny s cielom zastavenia
dalSej polymerizacie.

Na zlepSenie rovnomernosti vrstvy soélu, po
aplikacii na povrch textilie, sme vyuzili
plazmovacie  zariadenie s koplanarnym
studenym vybojom (DSCBD). Priebezne bolo
overenych niekolko kombinacii podmienok z
hladiska vykonu plazmovacieho vyboja a jeho
Casového poésobenia. Za najvhodnejsie
podmienky boli stanovené: vykon elektréd
350 W a doba pdsobenia vyboja 60 s.

3.4 Vysledky hodnotenia ucinnosti HFIL
nanosélov na povrchu textilného
materialu

Experimentalne  prace boli  vykonané

s pouzitim vybraného typu HFIL nanosolu

typu 20G-3, ktory bol zvoleny na zaklade

predchadzajuceho overenia vacsieho poctu
variant receptur na pripravu HFIL nanosodlu.

Jeho aplikacia, scielom nasledného

hodnotenia  hydrofilnej  uc€innosti,  bola

vykonana na tkaninach pripravenych zo

100% PES, PAD a PP vlakien. Vysledky su

uvedené v Grafoch 1 az 3.

Textile Technologies

Pre PES textilie je uprava hydrofilnym
nanosolom typu 20 G-3 vhodna z hfadiska
rychlosti vzlinania ako aj z pohladu na udrzbu
textilii. Z Grafu 1 wvyplyva, Ze preduprava
plazmovym vybojom ma maly vyznam
z hladiska odolnosti upravy po prani.
Predpokladame, Ze plazmovy vyboj vytvara
polarne skupiny na povrchu vlakna, ktoré su
vo vztahu kpolarnym skupinam HFIL
prostriedku opacCne orientované, a preto
neguju ucinok hydrofilizacie. Po prani sa
Upravarensky prostriedok, aplikovany na
textilii predupravenej plazmou, vypiera
rovnako rychlo ako na textilii bez predupravy
plazmovym vybojom.

Polyamidové vlakno svojou chemickou
Struktarou patri medzi Ciasto¢ne hydrofilné
materialy, preto potrebuju iné zlozenie
hydrofilnych sélov. Vzlinavost PAD textilie,
nepredupravenej plazmovym vybojom, ale
upravenej HFIL nanosdélom, je vySSia ako
u PAD textilie predupravenej plazmovym
vybojom. Plazmovy vyboj vytvara na povrchu
PAD vlakna skupiny, ktoré sa viazu slabymi

silami na aplikovany nanosél a blokuju
hydrofilizujuce  skupiny v Upravarenskej
vrstve. Pbsobenim vody a pracieho

prostriedku sa tieto vazby porusia a celé
povrstvenie sa odstrani. Vzlinavost textilie po
5. praniach je na urovni neupraveného PAD
vlakna (Graf 2).

80
== 1 - PES textilia predupravena plazmou + HF IL prostriedkam
—_— == 2 - PES textilia nepredupravend plazmou s Opravou HF IL prostriedkom
E 700 = =13 PES textilia predupravena plazmou + HFIL prostriedkom po 5.prani
£ 4 - PES textilia nepredupravena plazmou s dpravou HF IL prostriedkom po 5 prani
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Graf 1 Porovnanie hydrofilne upravenych PES textilnych tkanin predupravenych plazmovym vybojom
a nanosoélom typu 20G-3 s koncentraciou 15 g/l a po 5 nasobnom prani pri 40°C
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Graf 2 Porovnanie PAD textilnych tkanin, predupravenych plazmovym vybojom, nasledne hydrofilne
upravenych nanosolom typu 20G-3 s koncentraciou 15 g/l a po udrzbe 5 nasobnym pranim pri 40°C
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Graf 3 Porovnanie PP textilnych tkanin predupravenych plazmovym vybojom, nasledne hydrofilne
upravenych nanosolom typu 20G-3 s koncentraciou 15 g/l a po udrzbe 5 nasobnym pranim pri 40°C

Polypropylénove vlakno, z hladiska
chemickej Struktury, nema na povrchu ziadne
polarne skupiny. Aplikovana vrstva HFIL
prostriedku je viazana na povrch vlakna len
slabymi silami vytvaranymi polymérnymi
prostriedkami Upravarenského prostriedku.
Preduprava textilie plazmovym vybojom
vytvori na povrchu polarne skupiny, ktoré sa
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viazu s hydrofiinym  prostriedkom. Zo
zavislosti uvedenych v Grafe 3 vyplyva, Ze
vytvorené vazby su stabilné a pri udrzbe
textilie pranim sa hydrofilita nemeni.
Porovnanie vplyvu hydrofilnej upravy na
povrchu PES vldkna predupraveného
a nepredupraveného nizkoteplotnou plazmou
je uvedené na Obr.7 a 8.
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Obr. 7 Povrch neoplazmovanych PES vlakien
nerovnomerne upraveny nanosélom

4 ZAVER

Na zaklade uvedenych vysledkov je mozné
konstatovat, Ze vyvinuty hydrofilny nanosal
HFIL typu 20G-3 je vhodny pre textilné
materialy zo 100% PES. Aj po 5 nasobnom
prani PES textilie sa dosiahla velmi dobra
hydrofilna uc€innost, po aplikacii HFIL
nanosoélu, aj bez predchadzajucej predupravy
PES textilie plazmou.

Vplyv difuznej plazmy pri atmosférickom
tlaku, s prikonom 350 W na plazmovacich
elektrodach, sa pozitivne prejavil pri
preduprave textilie zo 100% PP vilakien. Na
povrchu PP vldkna nie su volné polarne
skupiny vhodné pre ukotvenie akejkolvek
upravy na chemickej baze, ktora bola pouzita
pri priprave HFIL nanosolov. Plazmovy vyboj
na uzavretom povrchu PP vlakien vytvara
reakCné centra na ktorych je moznost
chemicky ukotvit uUpravarensky prostriedok.
Potvrdilo sa, Ze doba pésobenia plazmy 60 s
je dostatocna pre vytvorenie vazieb na
povrchu PP textilie, o dokazuje zvySenie
stability HFIL upravy po 5 nasobnom prani.
Tento upravarensky efekt sa pozitivne
prejavil na uprave polypropylénovej textilie,
pri zlepSeni nasiakavosti hydrofilne upravenej
PP textilie po udrzbe pranim.

Pri vyhodnoteni ucinnosti hydrofilnej upravy
na PAD textili je mozné konStatovat, ze
plazmovy vyboj sa prejavil opacnym efektom.
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Obr. 8 Povrch PES vilakien upravenych plazmou
a hydrofilnym nanosélom

Na textilii predupravenej plazmou, po uprave
hydrofinym nanosélom typu 20G-3 sa
dosiahla nizSia vzlinavost. Predpokladame,
Ze na povrchu PAD vlakna sa vytvaraju

polarne  skupiny reagujuce prednostne
s aktivnymi hydrofilnymi skupinami
Upravarenského prostriedku €o  zniZuje

uginnost' hydrofilizacie. Z uvedeného vyplyva,
Ze hydrofilna uprava typu 20G-3 nie je
vhodna na upravu PAD textilii.

Vysledky experimentov potvrdili moznost
dosiahnutia efektivnej hydrofilnej nanoupravy
na textiliach z vybranych typov syntetickych
vlakien s pouzitim nanosolov pripravenych zo
zmesi vhodne  zvolenych  prekurzorov
z organosilanov. Su€asne sa potvrdilo, Ze
vzhfadom na zmes organosilanov je
potrebné, aj po preduprave textilii plazmovym
vybojom, S$pecificky zohfadhovat chemicky
charakter vlakna a nanosolu pre dosiahnutie
ucinnej hydrofilnej upravy.
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HYDROPHILIC NANOFINISH OF TEXTILE MATERIALS

Translation of the article
Hydrofilna nanouprava textilnych materialov

Application of sol-gel method for hydrophilic nanofinishes of textile fabrics is presented in the article.
Preparation process of nanosol finishing solution including used precursors, conditions of its
application and creation of modified textile surface for hydrophilic functional finish are described.
Standard and modified test methods are used for evaluation of the achieved physico-mechanical
properties of the hydrophilically finished fabrics. Besides, results from evaluation of change of
hydrophilic properties of the finished PES, PAD and PP fabrics are given in the article and efficiency of
the finish is compared. Influence of pretreatment of the fabrics using low-temperature plasma on
achieved change of hydrophilic properties of the fabrics is evaluated. Positive as well as negative
changes of functional properties and performance characteristics of the finished fabrics are discussed
in the conclusion of the article.
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ANTIMIKROBIALNY NANOSOL A JEHO APLIKACIA NA TEXTILIE

Armin DZupaj, Jozef Sestak a Lenka Demgéisakova

VUTCH- CHEMITEX, spol. s r.o., Rybniky 954, Zilina, Slovenska republika

Abstrakt:

Prispevok popisuje podmienky pripravy antimikrobialnych (AMB) nanosdlov

prostrednictvom tzv. koagulaéného a dispergaéného procesu. Charakterizované su chemické
procesy tvorby citranu strieborného a nasledne kovokomplexu citranu strieborného vhodného ako
katalyzétor pre priebeh sél-gélovej reakcie pripravy nanosélu. Dalej st uvadzané metddy
identifikacie aktivnych nanocastic v roztoku AMB nanosolu, prostrednictvom vyuZitia laseru, UV-
VIS metédy a SEM mikroskopie, po aplikacii vrstvy nanosélu na textilné viakno. Nasledne su
uvadzané metddy hodnotenia antimikrobialnej aktivity (AMA) na bavinenych a polyesterovych
textiliach po uprave AMB nanosélom aj po Gdrzbe textilii pranim. Z hladiska reprodukovatelnosti
vysledkov AMA bola ako najvhodnejSia potvrdena metéda AATCC 100-2012 .V zavere su uvedené
konStatovania tykajuce sa vhodnosti pouZitia kyseliny citrénovej vo forme katalyzatora sél-gélovych
reakcii, antibakterialneho Gcinku citranu strieborného a boli stanovené hranicné hodnoty obsahu Ag
v antimikrobialnom nanoséle z hladiska ucéinnosti aj bezpeénosti jeho pouZivania.

Kracoveé slova: antimikrobialny nanosol, antimikrobialna aktivita, citran strieborny, textilie.

1 UvoD

Hygiena nosenia odevov (spodna bielizen,
ponozky a pancuchy, obleCenie pre Sport
avolny c¢as, atd.) apouzivania bytového
textilu (postelna bielizen, kuapelfiova bielizen,
kuchynské textilie apod.) je v sucCasnosti
Casto posudzovana, aj z hfadiska svetovych
trendov, na zdravotnu bezpecnost a ochranu
zdravia spotrebitela.

Negativny vplyv zivotného prostredia na

spotrebitefla suasne vyvolava potrebu
vyuzitia  preventivnych  opatreni  resp.
pouzivania textiinych  materidlov, ktoré

zvysuju pohodlie a hygienu nosenia. Moderna
textind chémia prindsa v podstate dve
moznosti, ktoré z hladiska preventivheho,
mobzu zabezpelit tieto poziadavky. Jednou
znich je pouzivanie syntetickych vlakien
aditivovanych  antimikrobialnymi  aditivami
adruha v pouzivani povrchovych uprav
s aplikaciou antimikrobialnych pripravkov.
Tieto pripravky vSak Casto maju chemicku
podstatu zaloZzenu na baze organickych
zlu€enin, ktora z hladiska
environmentalneho, je oraz menej prijatelna.
Preto sa vyskumne pripravuju noveé
prostriedky pre antimikrobialnu upravu textilii.

Jednou z moznosti su aj antimikrobialne
nanosoly pripravené sol-gél technikou
Vlakna a textil (4) 2014

obsahujuce antibakterialne pésobiacu uc€innu
latku (napr. striebro, med), ktorych priprava je
predmetom tohto ¢lanku.

1.1 Podmienky pripravy
antimikrobialneho (AMB) nanosélu
sél-gélovou metédou

Pri priprave koloidov (disperzii nanocastic) je
mozné pouzit bud kondenzacné metddy,
kedy dochadza k spajaniu jednotlivych
atomov alebo molekul v homogénnych
sustavach (roztokoch) do vacSich agregatov,
alebo dispergacné metody, kedy naopak
velké Castice hrubo disperznych sustav su
rozptylované pri sucCasnej tvorbe menSich
Castic.
V priebehu pripravy nanosélu sél-gélovou
metddou pridavania katalyzatora do zmesi
organosilanu,  kyseliny, alebo zasady
dochadza k dvom chemickym reakciam. Pri
prvej katalyzovanej chemickej reakcii
dochadza k hydrolyze organosilanu. Druhou
nasledne prebiehajucou chemickou reakciou
je kondenzacia, resp. polykondenzacia.

Pre  kontrolovany priebeh  chemickych

procesov je délezity najma vyber:

- antimikrobialne ucinnych latok,

- katalyzatorov sél-gélovych reakcii,

- organosilanov ako reaktantov pre vlastnu

pripravu nosi¢ov aktivnej latky.
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1.2 Posudenie vhodnych antimikrobialne
ucinnych latok pre pripravu
katalyzatorov sél-gélovych reakcii
organosilanov

Vyber vhodnych antimikrobialne uc€innych
latok pre pripravu katalyzatorov sol-gélovych
reakcii organosilanov bol zamerany na
strieborné a mednaté zluceniny [1]. Volba
vhodnych  striebornych  zlu€enin  bola
podmienena ich nerozpustnostou, resp.
minimalnou rozpustnostou [2]. Déraz bol
kladeny na rozpustnost vo vode s ohfadom
na sucin  rozpustnosti [3]. Hodnoty
rozpustnosti su uvedené v Tab. 1 vo vztahu
na obsah Ag (v ppm).

Tab. 1 Rozpustnost vybranych zlu¢enin striebra

[2]

Rozpustnost’ vybranych zlu€enin striebra pri 25°C

[g/1]

Ag,0 0,0002

AgCl 0,00193
Ag3CeHs07 0,0284
Ag,COs 0,033

Pri vybere katalyzatora pre priebeh sol-

gélovej syntézy bola venovana hlavna
pozornost rychlosti hydrolyzy, t.. prvej
reakcie [4]:

Si(OR), + 2H,0 — SiO, + 4ROH (1)

kde: R - metyl, etyl, vinyl, amino...

Druhou chemickou reakciou je kondenzacia,
resp. polykondenzacia [4]:

Si(OH)4 + 2H,0 — SiO, + 4H,0 (2)

Volba spravneho pH reakéného prostredia

ovplyvriuje tvorbu atvar fraktalov [4]. Pri

zohladneni tychto skutoCnosti boli vybrané

dva katalyzatory pre soél-gélovu syntézu:

- pre kyslé prostredie: slaba kyselina -
kyselina citrénova

- pre zasadité prostredie: slaba zasada -
hydroxid amoénny.

Podmienkou pre zapracovanie Kkyseliny

citrénovej do reakéného prostredia

s obsahom striebra je priprava vhodnej formy

citranu strieborného. Citran strieborny je vo
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vode nerozpustny apreto je potrebné
pripravit rozpustnu formu — Kkysly roztok
komplexu citranu strieborného.

logiov | /7

]

4 g pH 12

Obr. 1 Zavislost rychlosti rozpustania SiO, vo
vode a doby gelacie na pH prostredia [4]

Priprava kovokomplexu
diamminstrieborného [Ag(NH3),]JOH

Vprvom rade je potrebné pripravit
z dusi¢nanu strieborného a hydroxidu
amoénneho biely hydroxid strieborny:

AgNO; + NH4OH — AgOH + NH4NO; (3)
ktory je nestaly aihned prechadza na
nerozpustny hnedy oxid strieborny:

AgOH — Ag,0| + H,0O 4)
Filtraciou je nutné oddelit dusi¢nanove
aniony. Nasleduje premytie oxidu
strieborného destilovanou vodou a

rozpustanie v hydroxide amonnom (20%):

Ag0 + 4NH,OH — 2[Ag(NH;),JOH + 3H,0)  (5)

Filtraciou pripraveného kovokomplexu
diamminstrieborného je mozné oddelit
pripadné mechanické necistoty.

Priprava citranu strieborného Ags;(CsHs07)
Citran strieborny sa pripravi zrazacou
reakciou:

3[Ag(NH3)z]OH + 2H3C@H507 — A9306H507l (6)
+ (NH,4)3;CsHs07 + 3NH,OH
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Filtraciou a premytim destilovanou vodou sa
oddelia amonne kationy. Filtraény kolac
obsahuje Cisty, biely citran strieborny.

Modifikacia katalyzatora pre soél-gélové

reakcie pripravy Si-kohydrolyzatu
a nanosoélov obohatenim o kationy
striebra

Citran strieborny vo vodnom roztoku disociuje
podla nasledujucej reakcie:

Ag3C6H507 e 3Ag+ + C6H5073_ (7)

Potom méZeme rovnicu sucinu rozpustnosti
citranu strieborného formulovat’

K AgsCeHs0; = [A9+]3-[CGH5073_] (8)

alebo:
9)

K agsCes0r = (3.¢)°(c)

Vztah pre stanovenie koncentracie citranu
strieborného:

c—4 K(AQSCGH507) (10)
27

kde: K — rovnovazna konsStanta, ¢ - molova

koncentracia

Z uvedenych vztahov vyplyva, ze pre

dosiahnutie reprodukovatelnych vysledkov
zrazacej reakcie je potrebné pouzit mierny
prebytok ionov kyseliny citrénovej. Naopak,
pri velkom prebytku sa dosiahne tvorba
rozpustnej kovokomplexnej zluceniny [3].

2 EXPERIMENTALNA CAST

2.1 Pouzité materialy

Pre pripravu nanosdlov  z dostupnych
organosilanov boli vybrané nasledovné:
—TEOS - tetraetoxysilan, CAS 78-10-4
—VTES - vinyltrietoxysilan, CAS 78-08-0

Dalsie zakladné a pomocné latky:

—dusi¢nan strieborny, CAS 7761-88-8, ES
231-853-9

—monohydrat kys. citrénovej, CAS 77-92-9

—nanooxid kremicity, CAS 7758-02-3
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—trietylénglykol (TEG), CAS 112-27-6, pouzity
pre ukoncenie reakcie

—izopropyl alkohol, CAS 67-63-0, rozptstadio,
reakéné prostredie

— destilovana voda

Aplikacia AMB nanosolu bola vykonavana na

vybrané typy textilii:

—100% bavina - tkanina (platno) 175 g.m™

—100% bavina - pletenina (jednolicna,
zatazna) 125 g.m™

—100% PES - tkanina (platno) 150 g.m™

2.2 Podmienky pripravy
antimikrobialnych nanosélov
Vyber antimikrobialne ucinnej latky — striebra,
bol predurCeny dlhorocnymi skusenostami
pracoviska, na ktorom experiment bol
vykonavany.
Pri volbe vhodného katalyzatora soél-gélovej
reakcie museli byt zohladnené viaceré
hladiska.
Ak by sa ako katalyzator zvolila kyselina
dusicna, bolo by mozné ju zmesovat spolu s
dusiCnanom striebornym. Tak by bol
vytvoreny predpoklad, aby sa Castice striebra
priamo zucastnili pri tvorbe sélu. Reakcia
tvorby sélu pbésobenim kyseliny dusicnej je
v8ak prili§ rychla snaslednou tvorbou
nevyhovujuce;j linearne;j Struktury
medziproduktu.
Druhou uvazovanou moznostou je vyuzitie
kyseliny chlorovodikovej. Pri pouziti kyseliny
chlorovodikovej je potrebné povazovat za
negativny  sprievodny jav = predCasné
vyzrazanie chloridu strieborného.
Z hladiska rychlosti reakcie tvorby solu bola
preto zvolena kyselina citronova s obsahom
katidonov striebra.
V' ramci pripravy katalyzatora so6l-gélovych
reakcii, kyslého citranu strieborného, bolo
nevyhnutné zvolit vhodny molovy pomer
kyseliny citrénovej a citranu strieborného.
Limitujucim faktorom je rozpustnost citranu
strieborného  a dosiahnutie  pozadovane;j
urovne antimikrobialnej ucinnosti. V oboch
pripadoch sa jedna o koncentraciu katiénov
striebra. Za uCelom ziskania teoretickych
poznatkov z oblasti environmentalnych
a zdravotnych rizik soli striebra a kyseliny
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citronovej boli Studijne spracované materialy
SCCP /1196/08 Eurdpskej komisie [5].

a/ Koagula¢ny proces

— reakcné prostredie: alkohol

Hydrolyza — postup pripravy Si-kohydrolyzatu
(1) zalozeny na zmesovani vybranych
organosilanov  TEOS + VTES v prostredi
izopropanolu, v hmotnostnom pomere 4:1:33.
Po dokonalom premieSani (min. 10 min) sa
postupne prostrednictvom byrety pridaval
modifikovany katalyzator (po dobu 1 hod)
pricom hmotnostny pomer reakénej zmesi
a modifikovaného katalyzatora bol 19:1.
Modifikovany katalyzator bol pripraveny
rozpustenim citranu strieborného v roztoku
kyseliny citrénovej. Uvedenym spésobom
pripravime vlastny katalyzator pre sol-gélove
reakcie — kysly roztok kovokomplexu citranu
strieborného.

Ag3C6H507 + y(CGH507)3- - (1 1 )
— {Agal(CeH507)* 1}

kde y — index

Koncentracia pouzitej
CH3C6H507 =2 mol/l

kyseliny citronovej:

Experimentalne overeny najvhodnejSi obsah
striebra v pripravenom modifikovanom
katalyzatore pre sol-gélové reakcie je 2,4 g/l.

Kondenzacia - polykondenzacia (2) -
nasledne prebieha pofas mieSania po dobu
24 hod polykondenzacna reakcia, pocas
ktorej je potrebné kontrolovat teplotu zmesi
(do 20°C).

Terminacia — zastavenie polykondenzacie,
k vytvorenému poloproduktu, po dobu 1 hod
za neustaleho mieSania sa pridava stanovené
mnozstvo trietylénglykolu (TEG).

Priprava aplikacného nanosolu pre pouZitie
na textilny material:

Aplikacny roztok AMB nanosolu sa pripravuje
riedenim zakladného roztoku nanosoélu
destilovanou vodou v zavislosti od
pozadovaného obsahu Ag, ktory je potrebny
pre  dosiahnutie dostatocnej urovne
antimikrobialnej ucinnosti.
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Uvedenym spOsobom sa pripravi aplikacny
roztok AMB nanosolu s koncentraciou Ag
v rozsahu 3,75 - 60 ppm.

Uvedené koncentracie su hrani¢né limity
pre dosiahnutie  vyhovujucej AMA na
textiliach tak, ako je uvedené v kap. 3.

b/ Dispergacny proces

— reakcné prostredie: voda

Principialne je priprava AMB nanosélu

dispergacnou cestou, vo vodnom prostredi
odliSna od principov pripravy nanosolu
prostrednictvom soél-gél metody.

Priprava vlastného Si gélu — postup pripravy
je zaloZeny na aktivacii oxidu kremicitého.
K hydrofilnému nano oxidu kremiCitému sa
postupne pridd modifikovany katalyzator
s obsahom Ag v hmotnostnom pomere
1,5:10. Po dokladnom premieSani (minimalne
podobu 60 min) sa podrobi pdsobeniu
ultrazvuku (5 min) a nasledne sa ulozi na 24
hod dotmy. Pripraveny produkt, AMB
nanosol, mézeme pouzit na pripravu
aplikacného roztoku.

Priprava aplikacného nanosolu pre pouZitie
na textilny material:

Pri priprave aplikaéného roztoku sa postupuje
rovnhakym spdsobom ako je uvedené vyssie.
V pripade, Ze sa pred aplikaciou prejavia
znamky sedimentacie v roztoku je potrebné
opakovane podrobit roztok pdsobeniu
ultrazvuku (po dobu 5 min).

2.3 Spoésoby aplikacie AMB nanosélu na
textilie
Aplikacné roztoky boli nanasané na textilné

materialy  kontinualnym  spésobom na
zariadeni  Werner Mathis SAG za
technologickych podmienok: rychlost 0,1

m/min, odzmyk 100%, tlak 600 kPa, teplota
fixacie 150°C, doba fixacie 270 s.

2.4 Metody identifikacie nanocastic
v antimikrobialnom nanoséle

Na stabilitu AMB nanos6lu ma podstatny
vplyv velkost partikularnych Castic.
Pre vodné prostredie roztoku su zvyCajne
vyuzivané sedimentacné metody, ktoré maju
obmedzenie pre velkost Castic a uplatfiuju sa
v rozsahu vefkosti ¢astic od 1 um do 50 ym.
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Pre meranie mimo uvedeny rozsah v oblasti
nano sa pouzivaju uz optické metédy a to
priame  (mikroskopia), alebo nepriame
vyuzivajuce rozptyl svetla [6].

Tab. 2 Velkost €astic (d), rychlost sedimentacie
(v) a ¢as sedimentacie (t) na drahe 1 m vodného
roztoku [6]

d v[m.s”] t

100 um 1.107 100 s
10 um 1.10* 2,8 hod
1 um 1.10° 11,6 dhia
100 nm 1.10° 3,2 roka
10 nm 1.107° 320 rokov

Ukazka pouzitia Cerveného
dispergacnym procesom.

Textile Technologies

Metoda vyuzitia laseru

Tvorba nanosolu atym aj partikularnych
Castic v priebehu sol-gélovej reakcie -
polykondenzacie bola overena pomocou
Tyndallového javu [6]. Tento spbsob je
mozné pouzit len na identifikaciu, resp.
orientaCné zistenie pritomnosti partikularnych
Castic v reakénom systéme — Obr. 2-4.
Metoda UV — VIS

Pre vyuzitie metody UV-VIS na meranie
velkosti nanocastic boli pripravené
nasledovné aplikacné roztoky AMB nanosolu:
- vz.C.1-7,5ppmAg

— vz.C.2-30 ppm Ag

V prvom pripade bola namerana velkost
¢astic 410,0 nm a v druhom 436,1 nm.

laseru v pripade antimikrobialneho nanosolu pripraveného

Obr. 2 Aplikacny roztok AMB nanosélu, pomer riedenia 1:31; obsah Ag 3,75 ppm

Obr. 3 Aplika¢ny roztok AMB nanosélu, pomer riedenia 1:15; obsah Ag 7,5 ppm

Obr. 4 Aplikacny roztok AMB nanosolu, pomer riedenia 1:7; obsah Ag 15 ppm

Vlakna a textil (4) 2014
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UV VIS charakterizacia distribuénej krivky
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436,1 nm (30 ppm Ag)

%
! \\
1,04 % / \

410,0 nm

/ ™ (T 5 ppm AQ)
\-.
\ \

Abs

0,5

oo-L 0000000 ] —

400 500 600 700
Wavelength (nm)

Obr. 5 Zg’zvislost’ velkosti ¢astic AMB nanosoélu od
vinovej dizky

Priebeh distribu€nych kriviek potvrdzuje nas
predpoklad, Ze pri vySSej koncentracii Castic
Ag (vz.€.2 - 30 ppm Ag) dochadza kich
vy8Sej agregacii na zvolenom nosici
(nanooxid  kremiCity) ako pri  nizSej
koncentracii (vz.€.1 - 7,5 ppm Ag). Potvrdeny
predpoklad poskytuje vysSiu AMB ucinnost
po aplikacii nanosolu na povrch textilie.

2.5 Metédy hodnotenia antimikrobialnej
u€innosti upravenych textilii
Vyskumne pripravené antimikrobialne
nanosoly boli aplikované na rézny textilny aj
netextilny material. Pre hodnotenie
antimikrobialnej aktivity (AMA) boli pouzivané
viaceré skuSobné metdédy, statické aj
dynamické, s vyuzitim rdéznych druhov
baktérii. Mnozstvo vykonanych experimentov
potvrdilo, Ze hodnotenie antimikrobialnej
aktivity (AMA) je z hladiska repro-
dukovatelnosti vysledkov pomerne citlivé na
charakter upraveného substratu (textil,
papier, fdlia, vlakno, atd.), podmienky
pripravy skuSanej vzorky, kvalitu a citlivost
inokula a bakteérii.
Pouzité metddy hodnotenia antimikrobialnej
ucinnosti na textiliach [7-9]:
AATCC 100-2012: ,Hodnotenie antibakterial-
nych uprav textilnych materialov.”
Metéda je zaloZzena na stanoveni
bakteérii

poctu
na antibakterialne upravenych a
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antibakterialne neupravenych skuSobnych
vzorkach bezprostredne po inokulacii a
nasledne po 24 hodinovej inkubacii a
porovnani stanoveného poctu.

Antibakterialna aktivita sa vyjadruje v pomere
pocCtu baktérii na upravenej skusSobnej vzorke
V porovnani so vzorkou neupravenou.

ASTM E2149-01: ,SkuSobna metdéda na
zistovanie antimikrobialnej ucinnosti mobili-
zovanych antimikrobialnych prostriedkov v
dynamickych kontaktnych podmienkach®.
Skusobna metdda je urCena na hodnotenie
odolnosti skusobnych vzoriek antimikrobialne

upravenych prostriedkami, u ktorych
nedochadza k vyluhovaniu, proti
rozmnozovaniu baktérii v dynamickych

kontaktnych podmienkach. Antimikrobialna
ucinnost’ sa stanovi pretrepavanim
antimikrobialne  upravenych  vzoriek v
koncentrovanej bakterialnej suspenzii po
dobu jednej a troch hodin. Tato metdda je
urCena pre substraty, u ktorych dochadza k
50 az 100% poklesu pocCtu baktérii za
Specifikovanu kontaktnu dobu.

Vyjadrenie znizenia poCtu baktérii v
percentach:

R= Mx100, resp. R = (D[)A)x100
kde:

A - pocet koldniotvornych jednotiek (CFU)/ml v banke
obsahujucej upraveny substrat po 3Specifikovanej
kontaktnej dobe

B - pocet CFU/mI po kontaktnej dobe 0 hod. v banke
pouZitej na stanovenie ,A“ pred pridanim upravene;j
vzorky

D - CFU/ml v banke obsahujucej neupraveny substrat
po Specifikovanej kontaktnej dobe

R - pokles poctu organizmov v ml [%].

3 VYSLEDKY A DISKUSIA

Ciele experimentalnych prac boli orientované

na viaceré oblasti:

—overenie pripravy AMB nanosoélov prostred-
nictvom koagulacného a dispergacného
procesu za ucCelom pripravy stabilného
roztoku s vhodnou distribuciou a velkostou
Castic pre naslednu aplikaciu na textilie. Pre
tento ucel bolo pripravenych 10 variant
AMB nanosolu, zktorych na zaklade
vysledkov AMA bol vybrany typ AMB-9
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pripraveny koagulaénym procesom a typ
AMB-10, ktory bol pripraveny dispergacnym

spdsobom,

— prostrednictvom

overenia

pripravy

modifikovaného katalyzatora pre sol-gélove
reakcie (kysly roztok kovokomplexu citranu

molové

strieborného) sa nasledne overili rbézne
pomery  striebra  a kyseliny
pre dosiahnutie stabilného

citronovej

roztoku pri koncentracii Ag v aplikatnom
roztoku vrozsahu od 3,75 do 60 ppm

a dosiahnutie

pozadovanej

urovne

antimikrobialnej u€innosti na textiliach,
—naslednym overenim aplikacie vybraného
typu AMB nanosélu na 100% bavinené

a PES

textilie (tkaniny a pleteniny) sa

viacerymi skuSobnymi metdédami hodnotila

antimikrobialna

udinnost’

textilii

bezprostredne po uprave aj po vykonani
udrzby textilii po 5 cykloch prania.

Textile Technologies

3.1 Posudenie réznej koncentracie Ag na
antimikrobiadlnu  G€innost’  textilii
a permanentnost’ upravy
V Tab. 3 su uvedené vysledky AMA z
opakovanej laboratérne;j pripravy
antimikrobialneho nanosélu s cielom overenia
reprodukovatelnosti kvality nanosolu,
hodnotenia antimikrobialne;j ucinnosti
a stalosti upravy po vykonanej udrzbe.
Z praktického hfadiska je délezité do akej
miery je aplikovana povrchova uprava textilii
stabilna (permanentna), a preto boli v ramci
experimentov vykonané aj skusky
upravenych textilii pranim pri Standardnych
podmienkach. Celkom bolo vykonanych 5
cyklov prania na 100% bavinenej tkanine
a 100% PES tkanine, ktoré boli upravené
AMB nanosolom s obsahom 15 ppm Ag.
Vysledky su znazornené na Obr. 8 a 9.

Tab. 3 Vysledky hodnotenie AMA na 100% PES a bavinenych tkaninach upravenych AMB nanoso6lom
s obsahom 15 resp. 30 ppm striebra

konc. Ag _ Predv pranim' _ Po pra_ni (5 vcyklov l]'dl_"iby)*
Vzorka textilie | v nanosole Reduk_ma poctu baktérii R [%] Reduk_ma poctu baktérii R [%]
(ppm Ag) KIebs:eII_a Staphyloco- KIebs:eII_a Staphyloco-
pneumoniae ccus aureus pneumoniae ccus aureus
100% PES bez 0 0 0 0
100% ba bez 0 0 0 0
100% PES 15 98,40 0 0 0
100% ba 15 100,00 97,70 100,00 91,90
100% PES 30 99,99 53,36 0 0
100% ba 30 98,60 93,90 100,00 90,50

Poznamka: *laboratérne pranie

a

372014 | HV | curf |mag = | det |Lit]
-|12:36:20 PM|30.00 kV]50 pA'7 500 x| ETD/0 *

5 pm ]
Smatko Quanta 30 2001

Obr. 6 SEM snimka povrchu 100% ba tkaniny upravenej AMB nanosélom s obsahom 30 ppm Ag,
a) po uprave; b) po 5 nasobnom prani upravenej textilie (zvacsenie 7500 x)
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5 pm
Smatko Quanta 30 2001

Obr. 7 SEM snimka povrchu PES tkaniny upravenej AMB nanos6lom s obsahom 30 ppm Ag,
a) pred pranim; b) po udrzbe 5 nasobnym pranim (zvacsenie 7 500 x)

V nasledovnych €astiach su uvedené vybrané pouzitie a aplikaciu AMB nanosélov
vysledky, ktorych reprodukovatelnost bola pripravenych v laboratérnych a poloprevadz-
opakovane potvrdena aj vzhfadom na kovych podmienkach.

-

100% ba textilia (Standard) - bez Gpravy  100% ba textilia (Standard) - bez Upravy
pred pranim po prani

-

100% ba textilia 100% ba textilia
upravena AMB nanosdlom (15 ppm Ag)  upravend AMB nanosélom (15 ppm Ag)
pred pranim po prani

Obr. 8 Porovnanie rastu baktérii na agare po kontaktnej dobe (24 hod). Inokula baktérii
s neupravenymi (8tandard) a upravenymi textiliami zo 100% ba tkaniny
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100% PES textilia (Standard) - bez Gpravy
pred pranim

100% PES textilia (Standard) - bez (pravy
po prani

100% PES textilia
upravena AMB nanosdlom (15 ppm AgQ)
pred pranim

Obr.

9 Porovnanie rastu baktérii na agare po kontakinej dobe (24 hod).

100% PES textilia
upravena AMB nanosdlom (15 ppm Ag)
po prani

Inokula baktérii

s neupravenymi (Standard) a upravenymi textiliami zo 100% PES tkaniny

Vysledky antimikrobialnej ucinnosti,
dokumentované na Obr. 8, potvrdzuju vysoku
aktivitu striebornych iénov na povrchu 100%
bavinenej textilie pri velmi nizkej koncentracii
Ag naurovni 15 ppm/l. Uvedena vysoka
ucinnost sa nezmenila ani po 5 cykloch
prania. Tato skutoCnost’ nepriamo potvrdzuije,
ze na povrchu bavinenej  textilie
pravdepodobne dochadza k tvorbe fyzikalno-
mechanickych vazieb medzi AMB nanosolom
pripravenym  z organosilanov  a vlaknami
baviny.

3.2 Hodnotenie stalosti AMB upravy po

vykonani prania na d'alSich textiliach
V Tab. 4 su uvedené vysledky AMA po
aplikacii  vacésieho mnozstva antimikro-
bialneho nanosélu (10 |) s cielom overenia
reprodukovatelnosti  ucinnosti  po  polo-
prevadzkovej priprave nanosolu, hodnotenia
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antimikrobialnej u€innosti a stalosti upravy po
vykonanej udrzbe, zaroven s overenim
ucinnosti AMB nanosoélu s obsahom nizSich
koncentracii Ag (3,75 a 7,5 ppm Ag ).

Na zaklade porovnania vysledkov AMA na
100% bavinenej textilii, bez rozdielu - tkanina
aj pletenina, je mozné konStatovat, Ze bola
dosiahnuta bakteriocidna ucinnost’ s vysokym
stupriom redukcie poctu baktérii
Staphylococcus aureus aj pri velmi nizkych
koncentraciach Ag v roztoku AMB nanosoélu.
S ciefom zistenia priCiny nizSej stability
antimikrobialnej uUpravy na polyesterovej
textili po prani bola textilia, po uprave
antimikrobialnym  nanosdélom s obsahom
15 ppm Ag, podrobena termofixacii pri
teplotach od 150 do 200°C. Nasledne
vykonané hodnotenie  AMA  nepotvrdili
priaznivy vplyv teploty termofixacie na
zvySenie stalosti antimikrobialnej upravy.
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Tab. 4 Vysledky hodnotenie AMA na 100% bavinenych textiliach (pleteniny, tkaniny) upravenych AMB
nanosoélom s obsahom 3,75 ppm resp. 7,5 ppm striebra

Pred pranim e prani
konc. Ag (5 cyklov udrzby)*
100% ba textilia v nanoséle (ppm | Redukcia poc¢tu baktérii R | Redukcia poctu baktérii R
Ag) [%] [%]
Staphylococcus aureus Staphylococcus aureus

tkanina, platno bez 0 0

pletenina, jednolicna bez 0 0

pletenina, zatazna bez 0 0

tkanina, platno 3,75 99,99 89,80
pletenina, jednolicna 3,75 99,99 99,00
pletenina, zatazna 3,75 99,67 98,24
tkanina, platno 7,5 99,99 95,28
pletenina, jednolicna 7,5 99,94 99,82
pletenina, zatazna 7,5 99,93 91,82

Poznamka: *laboratérne pranie

Tab. 5 Porovnanie vysledkov hodnotenia AMA v dvoch akreditovanych laboratériach

Pouzita metoda 1.akredit. lab. 2.akredit. lab.
i Staphylococcus aureus >99,94 >99,94
AATCC 100-2012 Klebsiella pneumoniae >99,94 >99,93
Staphylococcus aureus 86,67 87,5
ASTM E 2149 Klebsiella pneumoniae 39,98 44,0

Vzhladom na citlivost metdéd hodnotenia
antimikrobialnej ucinnosti  je  vhodné
opakovane preverovat reprodukovatelnost
vysledkov resp. vzajomnymi porovnavacimi
skusSkami sledovat’ spolahlivost hodnotenia
pouzitim réznych metdd.

Na zaklade medzilaboratérneho porovnania
hodnotenia antimikrobialnej ucinnosti
s dalSim akreditovanym laboratoriom
vyplynulo, Ze najvhodnejSou metdédou pre
stanovenie ucinnosti antibakterialnej upravy
textinych  materidlov  upravenych  anti-
mikrobialnym nanosélom je skusobna metdda
AATCC 100-2012 (Tab. 5), ktora potvrdila
redukciu poctu baktérii na urovni >99,93%
pre obe testované baktérie.

Hodnoty s nizSimi redukciami, ziskané
skusobnou metédou ASTM E 2149, mohli byt
zapriCinené  kratSou kontaktnou dobou
(1 hod) medzi vzorkou textilie a bakterialnym
inokulom, na rozdiel od podmienok pri
skusobnej metoéde AATCC  100-2012
(kontaktna doba 24 hod).

AMB nanosélom upravené textilie Dboli
hodnotené aj podla skusSobnej metédy STN
EN ISO 20645 ,PlosSné textilie. Zistovanie
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antibakterialnej aktivity. Difuzna skuSka na
agarovej vrstve®, ktorou sa vS3ak nepotvrdil
Ziadny antibakterialny ucinok.
Predpokladanym  dévodom je  zrejme
skutoCnost, Ze pri podmienkach priebehu
skusky antimikrobialna uprava, t.j. Ag® iony,
nedifunduju do agaru.

4 ZAVER

V ramci experimentalnych prac boli
rozpracované a overené postupy pripravy
antimikrobialnych  nanosdlov  (koagulacna
a dispergacna metoda) s vybranymi ucinnymi
latkami a katalyzatormi. Vhodnost' vybranych

antimikrobialne ucinnych latok a
katalyzatorov sol-gélovej syntézy, spolu
s vyberom vlastnych nosicov, resp.

organosilanov, bola overena aplikaChym

spésobom, pri zvolenych podmienkach na

vybrané textiiné materialy s nasledovnymi
zavermi:

—kyselina citronova je vhodna ako
katalyzator soél-gelovych reakcii pre slabo
kyslé prostredie s vylu€enim zasaditych
organosilanov,
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—kyselinu citrénovlu je mozné obohatit o Ag”
ibny a nasledne pripravit modifikovany
katalyzator pre sol-gélove reakcie,

—experimentalne  bol preukazany
mikrobialny ucinok citranu strieborného,

—obsah Ag® v roztoku nanosélu je mozné
stanovit v poZzadovanom rozsahu pre
zabezpeCenie  dostatocného  antimikro-
bialneho ucinku,

—boli stanovené limitné hodnoty obsahu
antimikrobialne uginnej latky Ag*

—laboratorne boli overené viaceré skusobné
metddy pre hodnotenie antimikrobialnej
aktivity (AMA) na 100% bavinenych a PES
textiliach upravenych AMB nanosélom. Po
overeni reprodukovatelnosti vysledkov je
mozné oznacit skusSobnu metddu podla
normy AATC 100-2012 za dostatoCne citlivu
a experimentalne spofahlivu.

Viacnasobnym experimentalnym overovanim

AMA, pri minimalnom a maximalnom limite

obsahu aktivnej latky v antimikrobialnych

nanoséloch, aj na zaklade vykonanych
opakovanych aplikacii s ciefom potvrdenia
reprodukovatelnosti vysledkov hodnotenia

AMA, boli stanové nasledovné hodnoty:

maximum 30 ppm Ag, (resp. 60 ppm

povazované za rizikovy limit z dévodu
potencialnej zmeny farebného odtiena
farbenej textilie),

minimum 3,75 ppm Ag.

anti-
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Z hladiska permanentnosti antimikrobialnej

Upravy, s pouzitim nanosolov, sa ako
vhodnejsie javili textilie zo 100% baviny.
Pod'akovanie: Tento prispevok vznikol v réamci
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Eurépskeho fondu regionalneho rozvoja (ERDF) a
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ANTIMICROBIAL NANOSOL AND ITS APPLICATION ON TEXTILES

Translation of the article
Antimikrobialny nanosél a jeho aplikacia na textilie

The contribution describes conditions of preparation of antimicrobial (AMB) nanosols using so-
called coagulating and dispersing process. Chemical processes of formation silver citrate and
subsequently metal complex of silver citrate suitable as catalyst for course of sol-gel reaction
of nanosol preparation are characterized. Methods for identification of active nanoparticles in
AMB nanosol solution, laser method, UV-VIS method and SEM microscopy after application of
a nanosol layer on textile fibore are mentioned as well. Besides, methods for evaluation of
antimicrobial activity (AMA) on cotton and polyester fabrics after finishing with AMB nanosol
and after washing are described. AATCC 100-2012 method was confirmed as the most
suitable one from a viewpoint of reproducibility of AMA results. Statements concerning
suitability of usage of citric acid as catalyst of sol-gel reactions and antibacterial effect of silver
citrate are given in the conclusion. Limit values of Ag content in the antimicrobial nanosol from
a viewpoint of efficiency and safety of its application were determined as well.
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APPROACH TO ELECTRO-CONDUCTIVE PARAMETERS OF
BLENDED Ag/PA TEXTILE YARNS FOR INTELLIGENT TEXTILE
STRUCTURES

Robert Hudec, Miroslav Benco, Slavomir Matuska, Patrik Kamencay
and Martina Zachariasova

Department of Telecommunications and Multimedia, University of Zilina
Zilina, Slovak Republic
{robert.hudec, miroslav.benco, slavomir.matuska, patrik.kamencay, martina.zachariasova}@fel.uniza.sk

Abstract: In recent years, intelligent textiles have growing market potential. In this paper, an
investigation of electro-conductive parameters of blended yarns based on electro-conductive silver
coated fibre and standard polyamide or polypropylene fibres were measured. Our research is
focused on the several objectives important in electro-conductive yarns design and application into
intelligent clothing. In detail, the effect of numbers of silver fibres, draft and twists, the effect of
external heating source on electrical and temperature parameters were tested. Likewise, the
possibilities of electro-conductive yarn as power cables and data bus were tested too.

Keywords: intelligent textile, electro-conductive yarn, communication technology, power and data

wire.

1 INTRODUCTION

In recent years, the rapid development of the
textile and clothing technology has been
increased. The research is oriented to
innovation of standard materials by specific
modification to prepare  multifunctional
materials and wearable clothing with higher
value. The close connection with field of
microsystems, nanotechnology,
communication technologies and signal
processing allows miniaturization and non-
invasive intelligent monitoring of physiological
functions of human body by sensors using
"Smart" materials and "smart" fabrics (also
called electronic textiles or e-textiles) [1].

The monitoring of physiological functions by
smart clothing allows to capture, record,
process and transmit signals such as: muscle
activity (respiration), activity of the heart
(ECG), activity of the nervous system (EEG),
body temperature and others. Active
(sensitive) elements of intelligent clothing are
smart textile sensors - electrodes. These
sensors are integrated to clothing to sense
electrical signals generated by a human body
[2, 3]. The textile sensors manufacture uses
special types of yarns, which include filament
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with high electrical conductivity. This reduces
resistivity at the interface skin - electrode.
Currently, after years of intensive
development, the market offers several types
of conductive filaments or yarns, such as:
metal wires (stainless steel wires, copper
wires etc.), metal-coated yarns (silver plated
polyamide  yarns) respectively yarns
containing a dispersed phase of the
conductive material (e.g. carbon) [4].
For the research and development of textile
yarns with electro-conductive features, it is
necessary to take in consideration and
respect the properties of conductive yarns
and ways to achieve satisfactory conductivity
while respecting the specific characteristics
and conditions of use with integrated
electronics [5-8]. The motivation of our
research has been specified to next
objectives:

 Is it possible to use textile electro-
conductive yarns as a power supply for
electronics of distributed sensor placed
over whole intelligence clothing?

* What is the appropriate voltage level, and
what is the maximum load of electric
current flowing through electro-conductive
yarn?
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* What are the power features of individual
electro-conductive yarns?

* Isit possible to use electro-conductive yarn
as a heating source?

 What is the impact of ironing process on
electrical parameters of the yarns?

« What transfer rates with low bit error
(Quasi Error Free) can be achieved using
standard communication standards of
microchip solutions?

The outline of this paper is as follows.

Backgrounds about preparation of electro-

conductive blended yarns based on electro-

conductive silver coated filament (Ag) and
standard polyamide (PA) or polypropylene

(PP) filaments are introduced in the section 2.

In the section 3, three experiments related to

electrical and temperature investigation are

presented and discussed. Finally, the brief
summary about achieved results and future

tasks are discussed in the section 4.

2 ELECTRO-CONDUCTIVE TEXTILE
MATERIALS

The experimental part was mainly oriented to
verify the workability of electrically conductive
yarns into a mixed assortment of specialty
yarns, prepared using twisting technology on
multifunctional device DirecTwist-2B. Blended
yarns were prepared under different
technological conditions as twisting a different
number of electrically conductive filaments in
the construction of a blended yarn.
Electro-conductive blended yarns based on
electro-conductive silver coated filament and
standard polyamide (PA) or polypropylene
(PP) filaments were produced and tested.
The high quality electro-conductive silver
coated filament (hereinafter referred to as the
reduction of working designation "Ag") was
chosen for electro-conductive yarn. The big
advantage of silver based filament are its
antibacterial properties and it does not cause
allergic reactions with the corresponding
electrical conductivity. All tested yarns were
prepared by research company VUTCH-
CHEMITEX, spol. s r.o. (Zilina, Slovakia)
using the commercial filament.
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The structure of the blended electro-
conductive yarns consists of non-conductive
core (PP or PA) wound in a spiral conductive
filament Ag. The two ways of wrapping the
conductive and non-conductive filaments was
used [4]:
e yarns wrapping in one direction called
"Cabling”,
e yarns wrapping in both directions called
"Diamond".
For the experiments, the yarns with different
numbers of electro-conductive filaments and
construction type were tested. The detailed
information about blended yarns is shown in
Table 1.

Table 1 1* set of electro-conductive yarns

Blended No. of Ag A_ve_ra_lge , | Construction
yarn label | filaments Resistivity R type of yarn
[Q/Yom]
64A2.1/2012 2 459
65A2.1/2012 4 203 Diamond
66A2.1/2012 6 125
70A2.1/2012 8 83 Cabling
71A2.1/2012 10 65
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Similarly, the blended yarn with constant
number of Ag filaments but different draft and
number of twist were tested too. They are
presented in the Table 2.

Table 2 2™ set of electro-conductive yarns

Blended yarn Yarn Draft | No. of twists
label structure [N] [twist/m]
125A2.1/2012 300
126A2.1/2012 o5 250
127A2.1/2012 5XAg ' 200
128A2.1/2012 + 150
129A2.1/2012 300
130A2.1/2012 1xPA 50 250
131A2.1/2012 ’ 200
132A2.1/2012 150

Finally, in order to test the communication /
transmission properties of Ag filaments, the 2
stitch structures containing the combination of
12 filaments Ag (top side)/ PA (bottom side)
and Ag (top side)/Ag (bottom side) were
prepared too. They are presented in the
Table 3 respective in Figure 1.
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Table 3 3" set of electro-conductive stitches

No. of filaments
Blended yarn label Top side | Bottom side
150 ZD1 A2.1/2013 12Ag 12PA
151 ZD1 A2.1/2013 12Ag

150-ZD1/A2.1/2013

151-ZD1/A2.1/2013

Figure 1 Tested electro-conductive stitches:
Ag/PA (left); Ag/Ag (right).

3 EXPERIMENTS

In this part, some experiments were made in
order to find suitable yarn structure for
utilization as power wire, data bus or textile
sensor. Experiments were divided into 3
parts.

Textile Technologies

3.1 The effect of numbers of Ag filaments,
draft and twists on electrical and
temperature parameters

Electrical resistance is one of basic electrical

parameters, which is important in the power,

signal sensing and data transmission via
electro-conductive yarns. In experiments,
yarns at length 0.5 m and variable number of
electro-conductive filaments shown in the

Table 1 were tested.

Tested yarns were loaded by power source

HAMEG HM 7042 and their electrical

parameters were precisely measured by 6%

digit multi-meters AGILENT 34401A and

FLUKE 8846A.

The aim of first set of experiments was to

determine the maximum power load of

blended yarn without self damage for power
supply of dislocated sensor electronics. The

26 measurements with constant supply power

range from 0-40 V on blended yarn with real

electrical resistance from 102 to 103 Q/m

were realized. Tested yarns had average

resistivity introduced in the Table 1 and the
current dependency from voltage with crack

current load is shown in Figure 2.
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Figure 2 Current dependence on voltage for blended yarns with different number of electro-conductive

Ag filaments
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From the experiments is evident that
resistivity of blended yarns has approximately
linear behaviour. Thus, the change of power
load has no significant effect on electrical
parameters until the critical point is not
reached. In that point the yarn is overheated
following the breakage.

Textile Technologies

The next experiment was dedicated to
explore temperature dependence regarding
to power load. For the temperature
measurement, the contactless method by
thermocam ThermoPro TP8S was used.
Achieved Dbehaviours are presented in
Figure 3 and Figure 4, respectively.
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Figure 3 Temperature dependence on voltage for blended yarns with different number of electro-

conductive Ag filaments
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Figure 4 Temperature dependence on power load for blended yarns with different number of electro-

conductive Ag filaments
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In the real application with microprocessors
such as ATMEGA 328P, the power
management of power source plays key role
in their implementation into wearable clothing.
Useful power voltage Up of present
microprocessors is in the range of 3+5 V and
it can be successfully satisfy by thin 3.6 V
battery (CR2450: 600 mAh). In this voltage
range, the minimal temperature changes
under 1°C were observed. Thus, all tested
yarns are suitable for this purpose. For
example, the 71A2.1/2012 yarn with length
0.5 m can feed the sensor electronics at
Up=4 V by direct current 60 mA

CR2450 battery).

Textile Technologies

Furthermore, Figure 4 shows that
temperature dependence on power load is
linear what can be used as heating source. It
Is possible to reach more than 65°C by
optimal power management. The maximum
power load at P=7.5 VA were obtained by
71A2.1/2012 yarn with 10Ag-txr filaments that
cracked at U=22 V, 1=344 mA.

Next, the effect of the draft and number of
twist on electrical parameters, were tested.
The results are shown in Figure 5 and Figure
6. Experiments confirm that blended yarn
parameters draft or the number of twists has
no significantly impact on the electrical

(approximately 10 hours of operation time by parameters.
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Figure 5 Current dependence on voltage for 5Ag filaments with constant draft = 2.5 N and different

number of twists
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Figure 6 Current dependence on voltage for 5Ag filaments with constant draft = 5.0 N and different

number of twists

3.2 The effect of external heating source
on electrical parameter

Following experiment was devoted to

investigate the impact of ironing process on

electrical parameters of the yarns. Electrical

resistivity was measured by RLC bridge
HAMEG HM8118 and Ag-txr yarns were
preheated by external heating plate WELLER
WHP 200 (up to +400°C).

Figure 7 R/R27 dependences on temperature of external heating
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In Figure 7, the relative yarn resistance
dependences on external heating source are
shown. R27 is resistance of yarn measured at
27°C. For common ironing temperatures
(~200°C), all tested yarns had no significant
changes of electrical resistivity. The small
wavy effect was probably caused by
structural changes of vyarn at critical
temperatures closely to crack. Furthermore,
increased number of Ag filaments shifts the
maximal ironing temperature up to 400°C. It
can be explained by fact that higher number
of Ag filaments serves as a heating cover
shield that protects PA core.

3.3 Electro-conductive yarn as power

cables
In next experiments, the possibilities of
yearns usage as power cables were
investigated.

223-NKB-3-4-2/A2.1/2013 223-NKB-3-4-1/A2.1/2013

5cm 5cm

225-NKB-1-4-2/A2.1/2013

5cm

226-NKB-4-3-3/A2.1/2013
e e 0 N s N W
5¢cm

227-NKB-3-3-4/A2.1/2013

R R T B R R TR SN

scm

222-NKB-4-4-4+1r/A2.1/2013

AN o S T, R TRy
e e S L e A

5cm

Figure 8 The example of tested stitches

The 78 cables with length 10 cm in different
stitch modifications were designed and the
electro conductivity of these cables was
measured. The example of power cables
dataset is shown in Figure 8. The results of
measurement are shown in Figure 9. The
best conductivity was obtained by cables
222-NKB-4-4-4+4r/A2.1 and 222-NKB-4-4-
4r+4/A2.1 with resistance about 0.2 Q/cm,
where 222 is registration number, NKB marks
power cable based on B stitch type (zig-zag),
4-4- is stitch width and density, 4+4r is stitch
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with 4 sews with B stitch and 4 sews with
direct stitch. A2.1 is number of activity.

229-NKB-1-3-4+1r/A2.1
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Figure 9 Average values of resistance of stitches
utilized as power cables
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Figure 10 Block diagram of testing the communication via Ag filaments

3.4 Electro-conductive yarn as data bus

In last experiment section, the communication
limits of Ag filaments and stitches presented
in Table 1 and Table 3 were tested. The aim
is to establish a QEF (Quasi Error Free)
communication interface. In Figure 10, the
block diagram constructed in order to achieve
the communication limits of USART
(Universal ~ Synchronous/  Asynchronous
Receiver and Transmitter) via Ag filaments.

In the experiment, the communication limits
were tested by sending worst bit combination
(8-bit word, 10101010) at various symbol rate
equal to 2400, 9600, 38400, 115200 [baud].
The communication lengths were set up on
05 m 1 m 2 m, and 3 m. The worst
combination of yarn with higher resistivity/m
(yarn:64A2.1/2012; 2.8 kQlyarn) and long
distance between transmitter-receiver (I=3 m)
serves to find communication error limit.
Moreover, the safe and error free
communication BER>10e® was achieved.
Realised experiments confirm that the
communication through electroconductive
blended vyarns is safe. The errors in
communication were found for R>5.6 kQ/yarn
(symmetric wires) and R>22 kQlyarn
(asymmetric wires).

Using the battery CR2450 to power ATMEGA
328P, approximately 3000 h of operation time
in Standby mode (UD-STANDBY =18V,
Ib=0.2mA) or 90h of operation time in
communication mode (Up.usart=3V, Ib.
usarT = 6.67 mA) can be achieved.

4 CONCLUSION

In this paper, the experiments on electro-
conductive yarns were presented. We made
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several measurements to find out the
workability and usability of blended yarn.
Realized experiments confirm that yarns have
appropriate parameters for data and power
wires in an intelligent textile structures. The
textile yarns can be wused in both
decentralized and centralized power supply.
In the case of decentralized one at ~3 V of
power supply, the Ag filament will be used for
data transfer only. On the other side, the
centralized one at >3 V of power supply, the
Ag filament will be used for both power and
data transfer. The electro-conductive yarns
can be heated be external heating source
(ironing, soldering) up to 400°C, Moreover,
tested Ag/PA yarns can be used as heating
source up to 65°C without any structural and

electrical damages, too. From the data
transfer point of view, the established
communication link  through electro-

conductive blended vyarns provide QEF
channel achieved for all transfer data rates
via USART.

Finally, our approach has shown that
improvement of electro-conductive
parameters can be achieved by appropriate
combination of sewing stitches.
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1-12

VYSKUM ELEKTRO-VODIVYCH PARAMETROV ZMESNYCH Ag/PA
TEXTILNYCH PRIADZI PRE INTELIGENTNE TEXTILIE

Translation of the article
Approach to electro-conductive parameters of blende
intelligent textile structures

d Ag/PA textile yarns for

Inteligentné textilie maju v st€asnosti rastuci trhovy potencial. Tento ¢lanok sa venuje meraniu
elektro-vodivych parametrov zmesnych priadzi, ktoré boli vytvorené elektro-vodivymi
postriebrenymi vlidknami a Standardnymi polyamidovymi alebo polypropylénovymi viaknami.
Vyskumné aktivity boli zamerané na niekolko cielov, ktoré boli z pohladu navrhu elektro-
vodivych priadzi a ich aplikacii do inteligentného oblecenia délezité. DetailnejSie bol skimany
vplyv poctu striebornych vlakien, draftu a zatoCenia a taktiez aj vplyv externého tepelného
zdroja na elektrické a teplotné parametre vidkien. Rovnako boli preskimané moznosti vyuZzitia
elektro-vodivych priadzi ako napajacich vodicov a datovych zbernic.
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EXPERIMENTAL MEASUREMENT OF LIQUID MOISTURE
TRANSMISSION THROUGH TEXTILES

Renata Nemcdokova and Petra Komarkova

Technical University of Liberec, Faculty of Textile Engineering, Department of Clothing
Technology, Studentska 2, 461 17, Liberec, Czech Republic
renata.nemcokova@tul.cz, petra.komarkova@tul.cz

Abstract: Liquid moisture transmission through textiles plays an important role in the physiological
comfort of functional clothing design. This paper focuses on the spread of liquid moisture in textiles
by means of a new measurement method. This research allows to observe the speed of liquid
moisture absorbtion by examined materials in real time (e.g. human skin perspiration) and to
transfer this moisture from the inner surface to the outside of the fabric. A thermographic camera is
used as a measurement device visualising thermal fields by making visible interfaces of different
materials provide with the possibility of detecting areas of liquid applied. Two stages of experiment
were carried out, monitoring samples from the inner and outer surface. The result of this research
presents an evaluation of functional fabrics based on observing their absorption and distribution of
liquid moisture, which affects physiological comfort of the person wearing these fabrics.

Keywords: Functional underwear, physiological comfort, liquid moisture transmission, moisture

management transport.

1 INTRODUCTION

Moisture removal management is the basic
evaluation criterion for materials which are
meant to be used in functional clothes
production. In the complex process of thermal
regulation of human organism, the loss of
heat from the skin is accompanied by the
phenomenon of spontaneous perspiration.
Moisture produced by a body wearing clothes
is drained away from the skin surface
capilarly, by migration, diffusion or sorption.
All four types of moisture removal participate
in this process simultaneously. An optimal
comfort state can be achieved by choosing
proper textile clothing layers while the layer
being in direct contact with the skin must
drain away the biggest volume of moisture.
We can influence the final properties of
clothing concerning moisture removal and
termophysiological properties by choosing a
different composition and structure of the
textile material [1]. Clothing thermal insulation
decreases during perspiration, and the
amount of reduction varies from 2 to 8%, as
related to water accumulation within clothing
ensembles [2].
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There have been a number of studies
concerning the link between liquid moisture
transmission and fabric porosity, its air
permeability and fiber type. When moisture
transmission emerges in a fabric, a
combination of transmission mechanism
occurs — that of capillary drain-off as well as
that of gas and condensed water diffusion.
These processes are, of course, influenced
by fiber hydropfilicity, by moisture content
needed to be drained away from the body as
well as by weather conditions. In the case of
perspiration removal, the combination of
liquid and vapour transmission is important.
When moisture content is low, moisture
transmission (i.e. fluid diffusion or capillary
drain-off) is very low compared to water
vapour diffusion, whereas when there is a
large volume of water, it is capillary
absorption that becomes the main
mechanism of liquid moisture transmission
[3].

One of the most recent studies suggests that
diffusion is the main moisture transmission
mechanism under low moisture content
conditions. Water vapour diffusion is
dependent mainly on fabric porosity.
Convection transmission is important during
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the transmission of perspiration from the skin
into the atmosphere when there is some air
flow. As the speed of the airflow increases,
convection liqguid moisture transmission
increases, too. Wickability plays an important
role in the moisture transmission when
moisture content in clothing is very high and
the body produces large amounts of liquid
perspiration. For activities where perspiration
production is very high, moisture transmission
dynamics is a very important factor [4].
Mijovic et al. demonstrated that it is
thermography can be used for assessing heat

and moisture transport inside clothing
systems. This study showed that
thermography is an effective tool for

assessing skin temperatures and sweat
evaporation from clothing [5].

As for testing of liquid moisture transmission
through materials, there are a number of
methods which detect this property. Results
obtained by different testing methods cannot
be, however, compared directly to one
another due to different testing conditions,
used parameters and units. The behaviour of
moisture transmission through fiber
assemblies can be mathematically modelled
and it is possible to predict its behaviour
under real-use conditions. Expected results
obtained from a mathematical model and
simultaneously by an experimental analysis
are very important in product development
[6].

Thermographic camera to identify the
moisture content is also using in other fields.
For example in the last decade, many
researches have been carried on the
application of IRT to detect moisture in the
materials of historic buildings. The study of
Rosina describes optimal procedures to
obtain reliable maps of moisture in building

materials, at different environmental and
microclimatic conditions [7].
Fabric  Liquid  Moisture = Management

properties is of course also possible to
determine by using MMT method but there
are limitations concerning the detection of the
shape of wetted surface [8-10].
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2 EXPERIMENTAL

Moisture transmission through a clothing
layer is an integral process of the movement
of liquid and gas moisture. The spread of
liquid moisture in a fabric is made possible by
capillary phenomena which arise due to the
influence of mutual intermolecular forces of
the liquid and those acting between the
molecules of this liquid, the solid body and
gas.

This article introduces a new experiment
within the scope of which areas where liquid
moisture spreads are observed by a
thermographic camera. At first, the back of
the fabric is video-recorded, followed by its
face of the fabric. Based on the principles of
electromagnetic wave motion, a
thermographic camera is used in order to
represent material characteristics in infra-red
wavelengths.

The basis of the proposed method consists in
testing flat fabric absorption capacity of drops
simulating perspiration. The experiment
allows monitoring in real time how fast a
material is able to absorb liquid and the
transmission of the moisture from back to the
face of the fabric. The use of infrared
cameras for monitoring the spread of liquid in
the fabric is possible due to the visibility of
liquid in infrared spectrum wavelengths.

2.1 Materials

Ten commercial fabrics, weft knitted fabrics
having different meshes and thicknesses
have been measured. Five samples have
been tested for each material. The materials
were defined by their material composition,
fabric mesh and thickness, see Table 1.

2.2 Measurement conditions

Before being measured, the samples were
washed and air-conditioned for 24 hours. The
measurement was carried out in an air-
conditioned room under constant conditions
at a relative humidity of 65% and the
temperature of 21°C.
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Table 1 Structure and physical properties of tested materials

No Fabric/Raw material Fabric pattern Weigf;t Thickness
' [%] [9/m~] [mm]
1 Cotton, 100 plain jersey fabric 220 0.79
2 Polyester Coolmaxfresh, 100 (antibacterial) double jersey — interlock knit 145 0.65
3 Polypropylen, 100 (antibacterial) double jersey — interlock knit 165 1.03
4 Polyester Coolmaxfresh/PE micro/Lycra, 62/32/6 double jersey — ribbed knit 175 0.68
5 Cotton/conductive fiber, 95/5 plain jersey fabric 152 0.55
6 Cotton, 100 plain jersey fabric 161 0.57
7 Micromodal/polypropylen, 52/48 double jersey —interlock knit 165 0.97
8 Cotton/polyester, 50/50 plain jersey fabric 154 0.62
9 Cotton, 100 plain jersey fabric 152 0.58
10 Cotton/polyester, 50/50 plain jersey fabric 157 0.57
11 Cotton, 100 plain jersey fabric 216 0.73
12 Polyester, 100 double jersey — interlock knit 180 0.75
13 Polyester, 100 plain jersey fabric 124 0.45
14 Wool Merino, 100 plain jersey fabric 150 0.55

The experiment took place in a measurement
cabin with dimensions of 130x100x155 cm.
This cabin was chosen because there was a
requirement to perform the measurement in a
dark chamber. All processes were automated
in order to eliminate external environment
influences and to ensure stable conditions.

2.3 Measuring equipment

The ThermaCAM S60 thermographic device
was used to obtain arecord for the analysis
of thermal fields. Records of the
measurements were evaluated using the
ThermaCAM Researcher Professional
program. Calculation of the size of the
measured area was determined by means of
the NIS - Elements image analysis system.
Drops were applied by means of the
FB32266 digital micropipette with volume
20 pl.

2.4 The course of the experiment

Samples were clamped in a frame which was
fixed to the measuring system together with
the pipette. The pipette was mounted in a
rack and from the point of view of its frame, it
was positioned in the angle of 45° in relation
to the sample. Measurement of the liquid
moisture spread area was divided into two
stages. The first stage included recording of
the spread of liquid on the back of the
knitwear. The second one included recording
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of the spread of liquid on its face. The length
of the records was set to 180 seconds. The
measurement procedure was identical for
both measurement stages. The measuring
system can be seen in Figure 1.
Thermocamera video recordings were saved
in the form of sequences. The videos were
subsequently processed in the NIS-
ELEMENTS-AR 4.00.08 program which
allows to perform image analysis data (see
Figure 2). This was followed by the
measurement of the area of absorbed liquid
humidity (mm?) at intervals of 5 seconds.

Thermocamera view-
The first stage
Pipette
Liquid drop
2 / ~_}—Fabric

Wetting

%ermocamera view-
The second stage

Figure 1 Simple model of the testing method - the
liquid transfer processes through a fabric
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Figure 2 Thermographic picture distribution of the liquid drops across the fabric (a), transformation to
binary image to process in image analysis software (b)

2.5 Evaluation methodology

The measured values show mean area
values (mm?) of five measurements of a
particular material. Depending on the type of
material, its structure as well as its
composition, the wetting process s
manifested by various liquid moisture spread
speeds and sizes of the wetted area. The
course of the experiment was divided into
three phases (minute 1, 2, 3). To ensure
results interpretation clarity, the values were
compiled into intervals integrating similar
data. The first interval comprises materials
showing a slow progress and values
increasing slightly. The second interval
comprises materials with a faster progress of
the wetting process. The third one includes
materials in which the liquid spread is quick.
The following figures (Figures 3 and 4)
include an evaluation of the spread of liquid
moisture depending on time, for back of fabric
and face of fabric separately.

3 RESULTS AND DISCUSSION

3.1 Experiment results — back of fabric
Wetting the inner surface of the sample
should simulate the speed of absorption
capacity of the material and liquid moisture
spreading through the fabric when the human
body produces perspiration.

— Back of fabric - minute 1 of the wetting

process, see Figure 3

The measured values range from 0.11 mm?
to 195.82 mm?. Interval 1: fabrics 4, 14, 11, 6,
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9, 3, 7 represent a slow progress - measured
values increase slightly. Interval 2: a medium
progress, the wetted area gets bigger in
some fabrics more quickly compared to the
previous stages. It includes the following
fabrics 5, 2, 8, 1. Interval 3: fabrics 13, 10, 12
represent a quick progress. Fabrics in which
the increase of the area in time is quick and
the wetted area is big, are suitable to be used
for the first layer of clothing. Clothes made of
this fabric will meet the conditions for
achieving good physiological comfort. These
fabrics will have a good absorbing capacity
and it is possible to presume liquid moisture
transmission to the outside surface of the
clothing.

— Back of fabric - minute 2 of the wetting

process, see Figure 3

The measured values range from 36.45 mm?
to 386.09 mm? Interval 1: the measured
values increase slightly. It includes the
following fabrics 14, 3, 6, 9, 5, 7. They still
rank in the lowest interval. Interval 2: a
medium progress, the wetted area gets
bigger in some materials more quickly
compared to the previous stages. It includes
the following fabrics: 11, 1, 13, 2, 10, 8, 4.
Interval 3: a quick progress, it includes fabric
12. This stage shows that some of the
materials are still wetted only a little even
during the second minute of the test. Some
materials are stagnating because they have
already achieved their maximum area during
the first minute of the process. Only the
wetted area of the material no.12 - 100% PL
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is still getting bigger quickly and almost
linearly.

— Back of fabric - minute 3 of the wetting

process, see Figure 3

The measured values range from 45.76 mm?
to 474.87 mm? Interval 1: there is no new
wetted area or it is wetted only a little. It
includes the following fabrics 3, 9, 6, 14. They
still rank in the lowest interval. Interval 2: —
the wetted area surface is stagnating. It
includes the following fabrics: 13, 11, 1, 7, 10,
5. Interval 3: a quick progress, it includes the
following fabrics 8, 2, 12, 4.

The last stage indicates whether the tested
materials were able to spread liquid moisture
during the following period of time. On the
basis of these results, it is possible to say that
in most materials, there is no significant
change in the wetted area surface during the
third minute of the process.

3.2 Experiment results — face of fabric,
comparison with back fabric
— Face of fabric - minute 1 of the wetting
process, see Figure 4
The measured values range from 0.14 mm?
to 568.95 mm?. Interval 1: a slow progress,

Textile Technologies

the measured values increase slightly. It
includes the following materials (in ascending
order): 2, 11, 4, 9, 6, 11, 8, 10. In these
materials, the progress is identical both on
the outer surface and the inner one. Interval
2: a medium progress; compared to the inner
surface, the wetted area surface is bigger
from the point of view of time. It includes the
following materials: 1, 7.

Interval 3: a quick increase of the values of
the wetted area. The values of the wetted
area at the end of the first minute on the outer
surface are bigger than those on the inner
surface achieved as late as during the third
minute. It includes the following materials: 5,
13,12, 4.

The results of the first minute show how fast
the transmission of liquid moisture from the
back to the face of the fabric is. Of course, it
IS necessary to take into account also the
effects of Earth’s gravity in relation to the way
the measuring system is laid out.

Back of fabric

---4--- 1-100%CO

— +- = 3-100%PP

---¥--- 5-95%C0/5% conductive fibre
--=6--- 7-52% Micromodal/48% PP
— + -9-100%CO

---A--- 11-100%CO

---m--- 13-100%PL

Time [s]

—— 2-100%PL coolmaxfresh

i 4-62%PL /32% PL micro/ 6%Lycra
—e—6-100%CO

i 8-50%C0O/ 50%PL

------ 10-50%CO 50%PL

cpee 1 2-100%PL

— % —14-100% WO

Figure 3 Graph showing the course of the wetting process of the back of fabric

Vldkna a textil (4) 2014 43



Textilné technologie

- Face of fabric - minute 2 of the wetting
process, see Figure 4

The measured values range from 31.76 mm?
to 853.16 mm?. Interval 1: a slow progress. It
includes the following fabrics: 2, 9, 6, 14, 3.
The progress in these materials is identical
on both the inner surface and the outer one.
Interval 2: a medium progress, the area
sufrace is slightly bigger from the point of
view of time compared to the inner surface in
identical materials. It includes the following
fabrics: 11, 1, 10, 7, 8, 5. Interval 3: there is
still a very quick increase of the values of the
wetted area in case of the material no. 12 —
100% PL. The materials No. 13, 4 are already
stagnating, the wetted area of the outer
surface is, however, twice as big as the one
on the inner surface in the same time
interval. The results of the second minute still
show some liquid moisture transmission from
the inner surface to the outside of fabric.

— Face of fabric - minute 3 of the wetting

process, see Figure 4

The measured values range from 59.95 mm?
to 938.59 mm?. Interval 1: a slow progress. It
includes the following materials: 6, 3, 9, 14. In

Face of fabric

1000 -
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these materials, there is no more signicant
spread of liquid moisture and the inner/outer
surface ratio is unsatisfactory. A larger
portion of the liquid moisture stays on the
inner surface which is undesirable. Interval 2:
a medium progress, the area surface is
slightly bigger from the point of view of time
compared to the inner surface in identical
materials. It includes the following materials:
1, 11, 10, 7, 5. Interval 3: the increase in
areas is very small when compared to the
previous minute. It is expected that a
significant liquid moisture transmission has
already taken place during the first minute,
which is a very positive feature in terms of
material functionality. It includes the following
materials: 8, 13, 4, 12. Material no.2 behaves
differently, probably due to antibacterial
treatment. It forms a barrier to moisture
transport. In case of the material no. 12 -
100% PL the value of the surface is twice as
big as the inner surface one.

The results of the third minute of
measurement confirm the trend of absorbing
capacity observed during the second minute
of the wetting process.

900 -
800 -
700 1
600 -
500 1

Area [mm?2]

400 -
300 1
200 1
100 A

---¢-- 1-100%CO

— + - 3-100%PP

-==¥=-= 5-95%C0O/5% conductive fibre
===t=== 7-52% Micromodal/48% PP
— + —-9-100%CO

---a--- 11-100%CO

B

Time [s]

—g—2-100%PL coolmaxfresh

—— 4-62%PL /32% PL micro/ 6%Lycra
—e—6-100%CO

i 8-50%CO/ 50%PL

---#--- 10-50%CO 50%PL
—r—12-100%PL

Figure 4 Graph showing the course of the wetting process of the face of fabric
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The material which exceeds the other ones
from the point of view of its liquid moisture
management is only the material no.12 —
100% PL. At this moment, it is already clear
from the results that material composition in
combination with the structure of the material
affects significantly the overall wetting
progress and liquid moisture transmission.

3.3 The dynamics of liquid moisture
transmission from the back to the
face of the fabric

If we assume that the liquid moisture

management from the back to the face of the

fabric, which is as fast as possible, is
convenient for the drain-off of perspiration
away from the skin, we must observe the
transmission from the back to the face of the
fabric. The ratio of the measured areas may
reflect the dynamics of the liquid moisture
transmission. See Figure 5.

3.4 Discussion on results

The results of wetting the fabric on the back
of fabric may indicate how fast the fabric is
able to absorb and to spread liquid moisture
on its surface. Wetting speed is an essential
criterion in selection of materials for the given
purpose. By observing the behaviour of the
spread of liquid onto the outside of the fabric,
we will get much more important results as
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liquid transmission through the material is
one of the conditions to label a material as
suitable for functional clothes.

The influence of material composition on the
wetting of process is evident. The best results
are achieved by knitted materials having
100% polyester material composition (12 -
100% PL, 13 - 100% PL, commercial name
Polartec). The material with the fastest
spread of liquid moisture is clearly material
no. 12 - 100% PL. The difference between
these materials consists in fabric mesh and
their structure. The patented fabric (Polartec)
features a bi-component knit construction that
uses different yarns on either side of the
fabric. This creates two different surfaces:
one that is optimized to move moisture away
from the skin, the other to dry quickly.

The group, including materials made of 100%
CO and 100% PP, has come out worst in the
tests. Other mixed materials, 50% CO/ 50%
PL, rank among average good materials. For
each material, its wetted area surface on the
back and the face of the fabric was compared
in given time during the wetting process.

As confirmed by Scheurell et al. [11], the
dynamics of liquid moisture transmission is
an important feature which affects the
perception of moisture on the skin in contact
with the fabric.

The ratio of wetted areas on the back and the face of fabric
minute 3

BMinute 3 -

back of fabric

EMinute 3 - face

of fabric

Fabric

Figure 5 An observation of the dynamics of the liquid moisture transmission
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4 CONCLUSION

The study has confirmed the findings of Adler
et al. which found that although the ability to
absorb moisture from skin is high in cotton
materials compared to their high wettability,
the surface wetting dynamics is not much
good as moisture transmission to the outer
surface (face of fabric) is not spontaneous
due to low capillarity. In case of textile
materials made of polyester fibers
(predominantly Microdenier), the liquid is able
to transport itself very quickly and in large
quantities to the outer surface due to its big
number of capillaries, and subsequently to
the next layer or into the atmosphere. In this
way, it provides its wearer with a dry a
comfortable feeling. [2]

This experiment simulates removal of the
perspiration away from the skin and the
speed of the spread of liquid moisture
through clothing. The results have of this
investigation shown that the character of the
material  affects  significantly = moisture
management which, alongside with water
vapour permeability, constitutes an important
aspect for clothes ensuring a high clothing
comfort. The method using a thermographic
system offers more options for textile testing.
These findings provide the insights for future
research and the authors of this article have
already begun working on this. They include
for example alternative measurement of
fabric wicking, procedures including capillary
elevation, test of materials drying, tests of
new yarns with controlled hydrophilicity in
new fabrics.
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EXPERIMENTALNI MERENI TRANSPORTU KAPALNE VLHKOSTI
TEXTILNIM MATERIALEM

Translation of the article
Experimental measurement of liquid moisture transmi ssion through textiles

vsv

Pfenos kapalné vilhkosti napfi¢ (skrz) textilii hraje dualezitou roli z hlediska fyziologického
komfortu pfi navrhu funkénich odévl. Tento pfispévek se zaméfuje na méreni Sifeni kapalné
vhkosti pomoci nové metody méfeni. Experiment umoznuje vredlném Case sledovat, jak
rychle je material schopen absorbovat kapalnou vihkost (napf. pot z lidské pokozky) a pfenos
této vlhkosti z rubové na licni stranu textilie.

MéFicim zafizenim je termovizni kamera, ktera slouzi k vizualizaci teplotnich poli, ktera slouzi
ke zviditeInéni rozhrani textilie a kapaliny na ni aplikované. Experiment probihal ve dvou
etapach, pfi kterych byl vzorek sniman z rubni nebo z licni strany textilie. V experimentalni
Casti je popsana pfiprava experimentu, méfici aparatura, postup vyhodnoceni vysledku
obrazovou analyzou a zvoleni hledisek pro hodnoceni experimentu. Vysledkem prace je
hodnoceni funkénich pletenin na zakladé sledovani jejich nasdkavosti a Sifeni kapalné
vlhkosti, coz ma vliv na fyziologicky komfort nositele.
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