Textil es containing at | east one |ayer of polyneric nanofibres and nethod
of production of the layer of polyneric nanofibres fromthe polyner
solution through electrostatic spinning 5 Technical field The invention
relates to the textile containing at |east one |ayer of polyneric
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t he wounds because
field for spinning through the surface of the rotating charged electrode, at the
same time the nanofibres created in this electric field are carried to the

15  counterelectrode and they deposit on the surface designated to it.

Background art
From the CZ 294274 and to it analogical international application WO

2005/024101 A1 it is known to produce the textiles containing at least one
20 layer from polymeric nanofibres produced through electrostatic spinning of
polymer solution in electric field created through the difference of potentials
between the charged cylindrical electrode, positioned in rotation manner, and
the counterelectrode, at the same time the charged cylindrical electrode is with
portion of its perimeter sunk in polymer solution, through its surface it brings
25 the polymer solution into the electric field for spinning. Through the
electrostatic spinning the mentioned textiles are produced from various

polymers soluble in the water solution or the non-water solution.

The textiles containing at least one layer of polymeric nanofibres are

30  used, next to others, in health practice, e.g. to cover the wounds because
thanks to the small dimensions of poruses they prevent the bacteria to
penetrate into the wound, and simultaneously enable the liquid products of the

healing process to go away and the access of air to the wound.



thanks to the small dinensions of poruses they prevent the bacteria to
penetrate into the wound, and sinmul taneously enable the liquid products of
the healing process to go away and the access of air to the wound. 2

O her known textiles used in health practice sonmetines contain physiol ogic
active substances which are released from2themin a controlled speed and
support the healing process. On the finished textile these 5 substances
are deposited through dipping the textile into the solution of the
respective substance and through its consequent drying, when the quantity
of the substance that gets stuck on the textile is very difficult to
control, respectiQtbey knowrs thixtifasculsedt on depaki t premtige s sahetipmemt ¢gangaiof
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silver is used also in textile materials, e.g. In socks, to prevent
creati on of example represent the dissociative compounds of heavy metals, especially of
silver, with high antimicrobial effectiveness. At the same time, these
15 compounds are toxic for the human organism, thus having the undesirable
side effects. Better results are achieved with metallic silver which is only a
slightly soluble and dissociative in surrounding of body liquids. The
concentration of ions created in such a way is sufficient to achieve the
antimicrobial effect, at the same time the rate of undesirable side effects is
20 negligible. Silver in a suitable form may be prepared in various substrates like
the textile formations or the polymer membranes through reduction of silver
compounds. In these carriers, silver is present in the form of metallic particles,
whose magnitude is in micrometers as to numerical order. A similar form of
silver is used also in textile materials, e.g. in socks, to prevent creation of
25 odour due to bacteria.

From the studies of colioid status of substance it is known that chemical
or catalytic acting of solid matters is being increased with specific surface of
active substances. At decreasing dimensions of particles of active substance
in the carrier, the necessary proportion of effect of this substance may be

30 achieved through a lower quantity of active substance in the carrier or through
a lower concentration of active substance in the carrier. By a way of reduction
of metallic salts in water solutions, e.g. at photographic techniques; the metal

particles of dimensions larger than one micrometer are created. These



25 odour due to bacteria. Fromthe studies of colloid status of substance
it is known that chemcal or catalytic acting of solid matters is being
increased with specific surface of active substances. At decreasing

di mensi ons of particles of active substance in the carrier, the necessary
proportion of effect of this substance may be 30 achi eved through a | ower
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these particles into suitable carrying substrates.
WO 2004/044281 A2 discloses production of nanofibres through
15  electrostatic spinning of solutions of various polymers and mixtures of
polymers, while the polymer solution for production of nanofibres may contain
e.g. metal oxide, silver, particles containing carbon, carbon nanotubes and

their combinations.

WO 01/27365 A1 discloses a device for production of nanofibres
20 through electrostatic spinning of solutions of various polymers with different
additives, which are a part of solution before spinning and after spinning they

become a part of nanofibres in an unchanged form.

The journal SYNTHETIC METALS, vol. 137, 2003, page 973-974

publishes an article Q.B.YANG at all: Preparation and chrakterization of PAN

25 nanofibre containing AG nanoparticles via electrospinning”, which describes
preparation of a mixed solution of polymer with a silver salt (silver nitrate),
reduction of silver salt in solution by means of hydrazine (hydrazinum
hydroxide) upon formation of silver nano-particles in the solution and a
consequent electrostatic spinning of the solution. Upon reduction of the silver

30 salt in solution, the created nano-particles of silver associate to a larger
formations, which becomes evident e.g. by a black colour and by an increased

thickness of nanofibres.



their conbinations. WO 01/27365 Al discloses a device for production of
nanofi bres 20 through el ectrostatic spinning of solutions of various
polymers with different additives, which are a part of solution before
spinning and after spinning they becone a part of nanofibres in an
unchanged form The journal SYNTHETI C METALS, vol. 137, 2003, page 973-974
publishes an article QB. YANG at all: Preparation and chrakterization of
PAN 25 nanofi bre containing AG nanoparticles via el ectrospinning”, which
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at | east one | ayer of nanofibres which conprise nanoparticles of

| ow- nol ecul ar substances, as e.g. silver and other netals of suitable
properties, he.prdiayiphe of hevaitidn est possi bl e di nensi ons. The obj ective of
invention is also to create a nmethod for 5 production of a |layer of such
nanofi bres. The principle of invention The objective of invention has been
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that, the nanoparticles of low molecular substance are products of chemical

reaction between the precursor of a low molecular substance dissolved in a
polymer solution and the chemical agent applied to nanofibres after their

15 spinning, while the dimensions of nanoparticles of low molecular substance
are smalier than the diameter of nanofibres.

Precursor of low molecular substance in the polymer solution being
subject to spinning is dispersed in molecular respective ion manner. in this
status it is being subject to spinning, and its concentration and particle

20  dimensions in nanofibres after spinning is close to its concentration in solution.
Upon chemical reaction between the precursor of low molecular substance
and the chemical agent applied to nanofibres after their spinning, the high
viscosity of surroundings restricts motion of nanoparticles of low molecular
substance being created and thus it prevents their gathering together.

25  Therefore in nanofibres small nanoparticles of low molecular substance are

created.

According to the claim 2 it is advantageous if the precursor of low
molecular substance is a metallic salt and the low molecular substance is
metal. The nanofibres then contain mostly very small nanoparticles of

30 corresponding substance that they are able to release in long-term period, thus

creating the required effect.



pol ymer solution and the chem cal agent applied to nanofibres after their
15 spinning, while the dinmensions of nanoparticles of |ow nol ecular
substance are smaller than the diameter of nanofibres. Precursor of |ow
nol ecul ar substance in the polynmer solution being subject to spinning is
di spersed in nol ecul ar respective ion nanner. In this status it is being
subj ect to spinning, and its concentration®and particle 20 di nensions in
nanofi bres after spinning is close to its concentration in solution. Upon
chem cal reaction between the precursor of |ow nolecul ar substance and the
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t oget her. 25 Ther ef ore in nanofi bres small nanoparticles of |ow nol ecul ar
substance are created. According to the claim2 it is advantageous if the
precursor of |ow ¢ eedldionseftsivanotrdts takestpihte thaaH thengartibrRs eveilver

nol ecul ar _sub ce | The _.nanof i bres then contain nostly very
smal | nanc?par fr@ %8s (?e%cbmtggrap ﬁ'gfﬁ’ﬁg NG, gathering afrrlives H@S}O%‘T@Céﬁl%mu&

rel ease in | diigel @hBNISEHPPAretNDugh BRlaNg £quired effect.
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after spinning the precursor contained in nanofibres is subject to acting of a
suitable chemical agent, through which the precursor of low molecular
substance is converted into a low molecular substance.

15
At the same time it is advantageous if the precursor of low molecular

substance is metallic salt and the low molecular substance is metal.
In advantageous embodiment according to the claim 7 the precursor of
20 low molecular substance is silver nitrate and the low molecular substance is

silver.

Examples of embodiment

During creation of nanofibres from the polymer solution through

25 electrostatic spinning in electric field created by a difference of potentials

between the charged electrode positioned in rotational manner and the

counterelectrode, at the same time the charged electrode is with a part of its

perimeter dipped in polymer solution and through its surface it brings the

polymer solution into the electric field for spinning. At the same time the

30  charged electrode is, with advantage, created with a cylinder according to CZ
294274 and to it analogical internationat application WO 2005/024101 Al.



spi nning seized together with polyner to the nanofibres being created,
while after spinning the precursor contained in nanofibres is subject to
acting of a suitable chenm cal agent, through which the precursor of |ow
nol ecul ar substance is converted into a | ow nol ecul ar substance. 15 At the
sane time it is advantageous if the precursor of |ow nolecular substance
is metallic salt and the | ow nol ecul ar sub®tance is netal. In advantageous
enbodi ment according to the claim7 the precursor of 20 |Iow nol ecul ar
substance is silver nitrate and the | ow nol ecul ar substance is silver.
Exanpl es of eldbindi thentleBtrobiagiccsaningnthel nieatiohebrestibs osfet RRdRObY WBFous
solution through 25 el ?trostatic spinning in electric field created by a
di f f erence ofif’(gwgfﬁ ﬁ%’ﬁ@ € PetVakss P rie-WRR! grdutigre ckheodiamsier of aarefiiras is
rOtat'Onal_”38§§Buﬁﬂ§0@h%n?ﬁﬁﬂﬂg?ﬂgﬁﬁﬁQPQHETﬁﬁ%ﬁ%Bﬁw? o%bﬂﬁakpﬁvﬁ&%FQEd
el ectrode is wmth a part of 1ts ' peri er dip 2d°i'h pol'ymer sol'ution’ and
through its surfacdénder brsuigdle becupstanes, stoisupbssiblentoopetierneleedtrostatic el d

for spi nni5ng. At .the same tjne thffa 30 harlg d electrode Is, with advant age,
created wt h F"¢YPy rﬂﬁ’iror@%t)ﬁﬁpﬁ(j Yo m%9§9'7149%'b{ﬂ‘9€§0i“{“%n%'1 ggmedpre of

i nternat i onalpoaRkls; Hut MithiRe 4B 4K 1NA! lowbmoldLIRG shpgtﬁcégtd'i%%tl d 6r
I s poly uble I'n

spinning the nentioned textiles are made of variou ners so
wat er or non-digReseed dn (¢ samerpelvenhastibe miymandficpedides of bss mdiacul00

nanonet ers, i h n f,rom,100 to.600 nanoneters. Under

suitable cir t:éz}régtéarprégegré iéﬁ ﬂ% %ﬁ%cggoat%tlc[ &PHBWF%r‘?ﬁ'"@?@cW gS it &eg ‘gfpm?ni ng

not only of netpiest tivergpal symRariEsI08RELYBEILGEHTWRR [lyrAbr ThESt tHee eflctric

pol ymers, but, mﬂ% h the polymer also the | ow nol ecul ar substances dissol ved

or  di spéPsedieihianspinnifg, wheleat ceatingedhsonanafibresaee paizer dhepokymerdand

mol ecular ey stay deposited in nanofibres, when the size of particles of low molecular
substance usually varies from 5 to 100 nanometers and is lower than the

diameter of nano-fibre in which it is deposited. Concentration of low molecular



substance are at the electrostatic spinning carried by a perinmeter of the
rotating charged cylindrical electrode together with polyner into the
electric 10 field for spinning, where at creating the nanofibres are seized
by polyner and they stay deposited in nanofibres, when the size of
particles of |Iow nolecular substance usually varies from5 to 100
nanometers and is lower than the dianmeter’ of nano-fibre in which it is
deposited. Concentration of |low nolecular 7 substance in the |ayer of
nanofi bres being created may be close to concentration in the solution

subj ect to spubstarge The tar layeh esf afarofivrd®! iKY abresibst AIRL WY erissealed
at |least of one substance fromthe group of netals, salts, "dyes,

physi ol ogi calCCaeeNyation insisssduiassulkigeiiosspinmagcat ors and catal yzers.

First of all, the manner of production of |ayer of nanofibres according to
t he i nvention shalThepadides obdawfmpladuéar svbsiaher ararcreatest ankmst oéatred by

metal lic part] e..g...silver and the er splutjon of, polyner, For
exanpl e, frg%%%%?%olf&mny{'eagrc%#;?oIOft ﬁ‘%g%}ﬁ“elsag%l %&8n B*FV%QJ?QQ\??hy?C“VG
al cohol i s prsepstedeslOdorsCimdidatéiedndcombiizBes.a netting agent and sol ubl e
silver salt, with advantage the silver nitrate. During the spinning

process the parti SiHeV®anRl i - ' r
Hia$ ophliSte r%anng g\]?ﬁ)g)rcﬁ#cﬁgn SdEay c%fmlﬁienéé‘?&élbsremgyﬁe

into the nanofi bres being created. ration
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to 100 20 nanoneters.
seized together with polymer into the nanofibres being created. After fibration

the polymer is transferred to the three-dimensional insoluble form through

activating the netting agent using heat. After then the silver nitrate is reduced
15 through a known manner upon acting of solution of a known reductant, e.g. by

water solution of black-and-white photographic developer. The reduction of

silver nitrate is running in a common manner, though the silver nitrate is

deposited in polymer of nanofibre, and after reduction the nanofibres of

nanofibre layer contain the particles of silver having dimensions of 5 to 100
20 nanometers.

In case of polyurethane the non-water solution of dimethylformamide is
subject to electrostatic spinning, at the same time the silver nitrate is dissolved
in this solution, which is reduced out of it still in this solution using suitable

25 reductant and the silver created is dispersed in the spinning solution. During
the electrostatic spinning these particles of silver are seized together with
polymer and deposited in nanofibres.

A low concentration of metallic ions in the basic polymer and the
restricted moveability of reacting agents prevents agglomeration of atoms of

30  reduced metal into larger particles, and so the nanoparticles are created. The
final product - textile containing at least one layer of nanofibres does not have

the black colour, but a colour which is brown up to yellow. Finally the layer of



I n case of pol yurethane the non-water solution of dinethylformamde is
subject to electrostatic spinning, at the sane tine the silver nitrate is
di ssolved in this solution, which is reduced out of it still in this
solution using suitable 25 reductant and the silver created is dispersed in
the spinning solution. During the electrostatic spinning these particles
of silver are seized together with polynmér and deposited in nanofibres. A
| ow concentration of metallic ions in the basic polymer and the restricted
noveabi l ity of reacting agents prevents aggl oneration of atonms of 30
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cont ai ni ng ahuheasdrgansn ayersiod tdot ¥ffeeisnanof i bres are described in bel ow

shown exanpl es. Eéanp,l e 1 15 Twel ve percent water solution of polyvinyl
al cohol & aver ag@PerbiCe&tpaWI®MsE pPoRBEBION: 19 r Dgneréibe neyertfEam sBplyMeain of

pol yacrylic ggifloffand the textiles containing at least one layer of polymer nanofibres are

described in below shown examples.

Example 1

15 Twelve percent water solution of polyvinyl alcohol of average
molecular mass 100000, thirty percent water solution of polyacrylic acid of
average molecular mass 70000 and the four percent water solution of silver
nitrate is being mixed in the volume ratio 5 : 1 : 1. After homogenisation the
mixed solution is subject to spinning through the process of electrostatic

20 spinning according to CZ 294274 to the layer of nanofibres of surface weight of
2 gm”? with diameters of nanofibres in the range from 150 to 500 nanometers.
The layer of nanofibres is exposed to the temperature of 150 °C during 30
minutes, at the same time the netting reaction is running and the nano-fibre
material becomes indissoluble in water. Then the water solution of black-and-

25 white photographic developer sold in the CR under the METOL designation is
acting on the layer of nanofibres, through which the silver nitrate reduces and
particles of siiver having dimensions from 10 to 100 nanometers are created

inside the polymeric nanofibres.

30 Example 2



average nol ecul ar mass 70000 and the four percent water solution of silver
nitrate is being mxed in the volune ratio 5 : 1 : 1. After honobgeni sation
the mxed solution is subject to spinning through the process of

el ectrostatic 20 spinning according to CZ 294274 to the layer of nanofibres
of surface weight of 2 gn2 with dianeters of nanofibres in the range from
150 to 500 nanoneters. The |ayer of nanofYbres is exposed to the
tenperature of 150 C during 30 mnutes, at the sane tinme the netting
reaction is running and the nano-fibre naterial becones indissoluble in

wat er. Then the watiey layel bt naRoMbreBlia PodisbRi i é@n@hﬁé%@ﬁ‘!rﬁe%ﬁieoper

sold in the C%under the METOL designation is acting on the |ayer of
nanofi bres, thretighixiecd thasasie sebstaneesiinethegatieds: hn@.2. gtariretiagtions of

si | ver havin - t e gre the
pol ymeric na%o?éﬁgﬁg?tggge @Sgﬁ“ﬁﬁg égg&rﬂ%ﬁgaﬁ%@r gé%nﬁ%o Pb$é§%|e§ féﬂ

in the sane marimerdiasensiorsxiaoml etol50 hanomckdidraeredted i aBRoibRst ances l n
the ratio 5 : 1 : 0,2. After reduction of silver nitrate deposited in
nanof i bre8 duri ng spinning, the particles of silver having dinensions from
5 to 50 nanoneter Ex@msplergated in nanofibres. 5 Exanple 3 The |ayer of
nanofi bres is being produced in the sanme manner as in exanple 1 while the
reduct ant of sil vdi eniia(yeatoé rt%pﬁb'r&%dz baingapmjdtmedsindth}@i sgmespiannengssinal |

be the two p n qutlo ci, d. The 10 bacteri o] ogi cal
Cest ver o pecrarimss s % mitattal SR b A utuesii § nasttres chrpee
product conpkginding FH!'@MGBESH@G{W'pﬁarcé/rﬁawatéfn%oﬂd{f&ﬁ#%ft Qs&ErBY& ac':'f%aﬁ‘ﬂlee 4
I n di met hyl f or mam de sol uti on, which contains ei ghteen percent of

1 bacteriological test were performed on the final product and according to the

tests the product completely prevents bacteria, yeast and fungus to grow.

Example 4
In dimethylformamide solution, which contains eighteen percent of
15 polyurethane of average molecular mass 120000 and one percent of silver
nitrate, through equivalent of acetaldehyde, if standing during 4 hours at the
temperature of 20 °C, the metallic silver shall be reduced. The solution will be
mixed after then, homogenized, and the fine suspension created will be
subject to spinning through the process of electrostatic spinning according to
20 CZ 294274 to the layer of nanofibres with surface weight approximately 10
gm? with diameter of nanofibres in the range from 100 to 500 nanometers.

The silver nitrate may be in the polymer solution superseded with
another metallic salt, e.g. of copper or with another low-molecular substance
from the group of metals, salts, dyes, physiologically active substances,

25  odours, indicators and catalysts, at the same time the nanofibres of the layer
produced through the electrostatic spinning contain the corresponding low
molecular substance, mostly in a very small quantity, and they are able, as the
need may be, to release it in a controlled way. From the dyes it is possible to
use the two percent water solution of Saturn red upon spinning of the water

30  solution of polymer.



15 pol yuret hane of average nol ecul ar mass 120000 and one percent of silver
nitrate, through equival ent of acetal dehyde, if standing during 4 hours at
the tenperature of 20 C, the netallic silver shall be reduced. The
solution will be mxed after then, honobgeni zed, and the fine suspension
created will be subject to spinning through the process of electrostatic
spi nning according to 20 CZ 294274 to the | ayer of nanofibres with surface
wei ght approxi mately 10 gn2 with di anet etV of nanofibres in the range from
100 to 500 nanometers. The silver ni tra&ga.rrasy be in the polyner solution
superseded with another netallic salt, .’H‘. of copper or w th another

| ow- nol ecul ar substance fromthe group of netals, salts, dyes,

physi ol ogi cal ly active substances, 25 odours, indicators and catal ysts, at
the sanme tinme the napofjbres of the |ayer produced through the

el ectrostatic spi ﬁﬂﬁ@t%@&mﬂ'ﬁ"ﬁg abi¢ast ponelilagen el patwnetal nanafibes aice,

nostly in a I apt r e, . . , to
rel ease it i \ré]ﬁ%r%%%ﬂfﬂro oP?gdﬂé\gé%e@ggﬁOﬁgx%@e@@ﬂq & ! orsislt?%fcegﬁ ﬁ%zrﬁ@ﬁrnﬁﬁe
two percent welenersalutiorgwitle Batnamofibesh c@popris@inanbpgrtiefest drdowanerecuB®

sol ution of poh%rrer. é%h d ?i n%h% Textiles containing at | east one | ayer
of pol yrmeri c SHARGAFBr &hasacterised By thatgothe,idipnastidesr gfivlowd malesulsh
el ectrostati gubiaRBe Ngref Pﬂﬁ?ucﬁ-} Bf'dﬁ icélorlé?tc'tiBH’bMeleﬁ {H2E pRARRESLEE Fow
conprise nanoparticles of |ow nol ecular substance, charact gl‘l sed by t%at )
t he nanopart Mlecular substamoeedisselved suabstipmee solatipr edctts: cheoilieah aggint

reaction bet 1 the precursor of |ow .nolecul ar substance dj.ssol ved i
pol ymer sol u\éﬁgﬂeﬁi\n@ t RENHIRLES caftebglis  SRIpNgd Wgﬁ‘ﬁangﬁ?b CRPEP Hhei r
spi nni ngi0 wWhihheoparBicitismBNIGWNMoRiculst BAPSBALE &leeS |&s hioaKk TRE eqidhdlter of

substance are |ess than the diameter of nanofibres.
nanofibres.

2. Textiles as claimed in the claim 1, characterised by that the
precursor of low molecular substance is metallic salt, and the low molecular

substance is metal,

15 3. Textiles as claimed in the claim 2, characterised by that the
precursor of fow molecuiar substance is silver nitrate and the iow molecular
substance is silver,

4. A method of creating the layer of nanofibres containing the
nanoparticles of low molecular substance from the polymer solution through

20  electrostatic spinning in electric field created by difference of potentials
between the charged electrode and the counterelectrode characterised by

that the solution of polymer for spinning contains precursor of low molecular
substance which is during spinning seized together with polymer to the
nanofibres being created, while after spinning the precursor contained in

25 nanofibres is subject to acting of a suitable chemical agent, by means of which
the precursor of low molecular substance is transformed into a low molecular

substance.

5. A method as claimed in the claim 4, characterised by that the.
acting to precursor for the purpose to create a low molecular substance is
30  preceded by netting of nanofibre polymer.



2. Textiles as clainmed in the claim1, characterised by that the precursor
of | ow nol ecul ar substance is netallic salt, and the | ow nol ecul ar
substance is netal. 15 3. Textiles as claimed in the claim2, characterised
by that the precursor of |ow nolecular substance is silver nitrate and the
| ow nol ecul ar substance is silver. 4. A nmethod of creating the | ayer of
nanofi bres containing the nanoparticles ?f | ow nol ecul ar substance from

t he pol yner solution through 20 el ectrosftic spinning in electric field

created by differepc I I h ar I [ t he
count erel ectrode %ag\a@%ter?)?fsééd]%a@%%fjﬁﬁwgﬁga@of8? goﬁﬂgga%Sﬁ%rg&%?ﬁé}dthe
spi nni ng contgriensrspr &f Uowomotdculasimsdtentd # matiist e anwithe Nols nidisdungr
spi nni ng seize%ﬁtogether with polynmer to the nanofibres being created,

while after sPISHMS iBMeet8tecur sor contained in 25 nanofibres is subject to
acting of a suitable chem cal agent, by neans of which the precursor of
| ow nol ecul ar subst afhc@ethod @anelbineddni theoclaim ofy oheeastedsedshpsthatdhe 5.

A met hod gas j [ im4, characterised, that the. acting to
precur sor gf o?dr?%ue%gﬁ P g&@@%@@#@& LPTANSE P& %{BXE%BQF 6{hgjoyvsmo§%cu$ar
preceded by mebkiangeds siesrofi bre polynmer. 11 6. A nethod as clainmed in the
claim4 or 5, characterised by that the precursor of |ow nol ecul ar
substance is netallic salt and the | ow nol ecul ar substance is nmetal. 7. A
method as clained in the claim®6, characterised by that the 5 precursor of

| ow nmol ecul ar substance is silver nitrate and the | ow nol ecul ar substance
is silver.



