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3ANBALIATATTOYYNBKA

Mepuopg

No3zeHey
TpuctaeH, 106 m?
eTax 3, 2 cnanum,
2 6aHK, 2 Tepacu

[MbpBa NUHKWA
1 10Hn-15 10w 375 e vaaen
Maxkemu:
MoHeaenHWK-4eTBbPTBK 500,00 ns
MeTbK - Hepens; 450,00 ne
MNoHepenHukK- Hepena 900,00 ne
200,00 ne/peH
16 onun - 2 cenTemspu 50 nB Ha '-IOJJI‘?.EK
Maxkemu:
MNMoHeaeNnHUK - YeTBbPTBK 700,00 ns
MNeTvK - Hepgens; 600,00 ne
MoHepenHuk- Hepena 1200,00 nB
2 cenTemMBpM - 150,00 ne/peH
16 cenTemBpn 37,5 NB Ha YoBeK
NMaxkemu:
MoHepenHwuK - Y4eTBBbPTBK 500,00 ne
MNeTvK - Hepens; 450,00 ns
MoHepenHuk- Hegena 900,00 ne
100,00 ne/geH
17 centemBpu - 01 10HK 25 1B Ha q{)‘uéeK
NMaxkemu:
MoHepenHwuK - YeTBBPTHK 350,00 ne
MeTbK - Hepens 300,00 ne
lMoHegenHuK- Hegena 600,00 n8

¥YC Ha QHTC npegnara Ha BaleTo BHUMaHWe Bb3MOXKHOCTI 3a MOYMBKa
B ¢. JlozeHeu, ob6wnHa LlapeBo 1 B KbMNUHr MpagrHa
(mexpy YepHomopeuy 1 Co3zonon).

3a KoHTaKTI:
Ten.02 987 7230;
GSM 087 870 3669;
e-mail: m.antonov@fnts.bg

Oepepauya Ha Hay4Ho-TexHNYeckuTe Chio3un B bbnrapus, 1000 Codus, yn. .C. Pakosckn 108

3a yneHoBe Ha OHTC 20% oTcTBNKa

SANBALTATANITOYUBKA

(Denepauuna Ha HayyHO-TEXHUYeckuTe cbiosn 8 bunrapua, 1000 Codus, yn. .C. Pakoscku 108

lpaguna
TpucTaeH — 80 m?
eTax 4, 2 cnanHwm,
2 baHun, Tepaca
MbpBa nUHWA

100,00 ne/peH
25 NB Ha YoBeK

Mepuopg

1 woHKn -15 onn

Makemu:
MNoHeOenHWK-4YeTBbPTbK 350,00 nB
MNeTbK - Hegens; 300,00 nB
MNoHepenHuk- Hegens 600,00 ne
150,00 ne/peH
16 onu - 2 cenTemepm 37.5 18 Ha quEK
Makemu:
MNMoHegenHWK - YeTBbPTbK 500,00 nB
MNeTbK - Hegens; 450,00 ne
MNoHepenHwk- Hegena 900,00 ne
2 cenTemMBpM - 100,00 ne/peH
el 16 centemBpn 25 nB Ha YoBeK
Makemu:
: MoHeOenHuK - YeTBbPTHK 350,00 ne
MNeTbK - Hegens; 300,00 nB
MNoHenenHuk- Hepaena 600,00 nB
o | el _ 70,00 ne/pen
ooy 17 centemepu - 01 10HMN 17.5 NB Ha UOBEK
1en.02987 7230; | Mawemu:
GSM 087 8703669; | [ToHEAENHWK - YETBBPTBK 250,00 nB
e-mail: m.antonov@fnts.bg | MeTbk - Hepenn 200,00 ng
MNMoHepenHUK- Hegensa 400,00 nB
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NH®OPMALUSA 3A ABTOPUTE

ITPABUJIA 3A JENNIO3UPAHE U ITIYBJIMKYBAHE HA CTATUUA

IMonaBaneTo Ha fOKJIAaTUTE TPSIOBA Aa Ce aApecHpa 10 PeAAKLIUATA HAa UMEHIT
(textilejournal.editor@fnts.bg);

Jloxmanure TpsIOBa /1a ca HAMMCAHU Ha OBJITapCKH €3HWK OT OBITapCKH aBTOPH M Ha aHIIINHCKH (paboTeH)
€3MK 32 9y)KJIeCTPaHHH aBTOPH.

Cnopa3zymMeHHe 32 IpeXBbPJIsiHe HA ABTOPCKH NPaBa TPs0Ba 1a Ob/ie MOAMICAaHO H BBPHATO Ha HaIllaTa
peIaknus 1o mnouia, hakc WM UMEHII, KOJIKOTO € Bb3MOXKHO TI0-CKOPO, CJIe/] IPEIBAPUTEIHOTO IPUEMaHe Ha
nokinana. C moAnucBaHeTo Ha TOBA CIIOpa3yMEHHE aBTOPUTE TapaHTHPAT, e LETHUST TPy € OPUTHHAJICH 1 HE €
OuJ1 myONIMKyBaH, M3Ipalla ce CaMo B CITUCAHUETO U Y€ ENUST TEKCT, AaHHH, GUTYPH 1 TAOIHIIU, BKITIOUCHH B
TpyZAa ca OPUTMHAIHM M HEIyONMKyBaHM IpeIy TOBAa WM MOAABAHU APYTajie B KakBaro W Ja € Qopma.
[TpouechT Ha pereH3MpaHe 3aro4Ba ciIej MoydaBaHe Ha TO3M JOKyMEHT. B ciydail, ue JOKIaabpT Bede e
NpeAcTaBsH Ha KOH(EpeHIHs, TOH Moxe a ObJe MyOnrMKyBaH B HAIIETO CIHMCAaHHE, CaMO ako He € Oui
nyOnMKyBaH B OOLIONOCTBIIHN MaTepHajd OT KOH(pepeHIUsATa; IPpU TaKuBa Cllydyau TpsiOBa Jla ce HalpaBH
CHOTBETHOTO U3SIBJICHUE, KOCTO CE OCTABS B PEIAKIIMOHHUTE OCJICIKKH B Kpasi Ha CTATUSTA.

OO0 cTi n opopmiteHHe

O06eMBbT Ha TOKJIaAa He TPSAOBa Ja HAAXBBPIIA 12 cTaHmapTHH cTpaHuln (A4) B €IHA KOJIOHA (CTpaHUIa
ot 3600 3naka), Bkis1. Tabmuuu u gurypu. @opmarst ¢ MS Office Word (normal layout). Penensenture cu
3ama3Bar paBoTo JIa CbKPATAT CTaTHATA, aKO € HEOOXOMMO, KaKTO U /1a IPOMEHST 3ariIaBUsTa.

3arnaBueTo Ha JOKJIaaa He TPAOBa 1a HaIxBHpis 120 3HaKa.

II'bannTe HMeHa HA ABTOPHUTE, KAKTO M MBJIHUTE HAUMEHOBAHHUS HA HHCTUTYIIUUTE, B KOSITO paboTAT -
(akynTet, Karenpa, YHUBEPCUTET, HHCTUTYT, KOMIIAaHUS, TpaJ U JIbpxkaBa TpsOBa /1a ca SICHO TOCOYEHH.
ABTOPBT 32 KOPECIIOH-/ICHITUS K HETOBUAT/HEWHUSAT UMEWJI TPSIOBA Ja ca YKa3aHH.

Pe3romeTo Ha TOKJIaa € Ha aHIIIMKCKY U HE TPOBA J1a HAIXBHPIIS €THA CTPAHHMIIA.

KarouoBuTe 1ymu TpsOBa 1a ca B paMkuTe Ha 4 110 6.

Quzypume u unocmpayuume ce HOMepupam nocied08amento (¢ apabcku yugpu) u mpsadea da ca
cnomenamu 6 mexkcma. @ueypume ce enazam 6 mexcma ¢ gopmam JPG ¢ munumym 300 dpi. Quzypume
mps66a 0a Ovoam uHmezpuUpanu 8 mekcma 6 pedaxkmupyema gpopma.

Tabnuyume, coc 3aznasue u necenda no Jiceianue, mpsaoea 0a 6vOam HoMepUpaHu NOC1e008amentHo u
mps66a 0a ca cnoMeHamu 8 mekcmd.

Benesxckume noo nunus mpsoea da ce uzdseeam.

Ilpenpamkume (yumupana numepamypa) mpsoeéa 0a ce yumupam nocied08amentHo no peo Ha
nosaeABaHe 8 MeKCmd, USNUCAHU Ype3 MPAHCIUmepayus Ha JamuHuyd, Kamo ce usnoissam yugpu 8
K8aopamHu ckoou cnoped cucmemama Bankyeuwp.
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TEXTILE MATERIALS WITH SENSORY PROPERTIES
AND PHOTODYNAMIC ACTIVITY

Topic No: 1/6, Modification of textile materials

Desislava Staneva', Ivo GrabcheV’

'University of Chemical Technology and Metallurgy, 1756 Sofia, Bulgaria
*Sofia University "St. Kliment Ohridski’, Faculty of Medicine, 1407 Sofia, Bulgaria

E-mail: grabcheva@mail.bg

Abstract

The textbook "Textile materials with sensory properties and photodynamic activity" (ISBN
978-954-91951-6-3) is intended for the students of the Master's specialty "Medical Textiles" of
the University of Chemical Technology and Metallurgy, as well as for all those who work in this
field , conduct scientific research, apply these materials in practice and everyday life, or show
interest in smart textile materials. It aims to introduce them to two modern and rapidly developing
areas in the field of textile production, as well as to technologies for modifying textile materials to
give them new properties such as sensory properties and photodynamic activity. Textile materials
with sensory properties refer to the so-called intelligent textile materials, which can be used to
monitor various vital functions, changes in health status and early diagnosis, as well as various
changes in the environment. Their advantage is the ability to be worn constantly without causing
discomfort. Their preparation is related to the use of different types of indicator dyes, therefore
students need to familiarize themselves with the structure and principles of operation of optical
sensors and their application in modifying textile materials. The essence and mechanism of
action of photodynamic therapy are discussed. Various photosensitizers and their use in the
preparation of textile materials with various medical applications (antimicrobial, self-cleaning,
medicinal, etc.) are presented.
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TEKCTUJIHU MATEPUAJIN CbC CEH30PHU CBOUCTBA
N OOTOAUHAMUNYHA AKTUBHOCT

Tema N21/6, MopnédununpaHe Ha TeKCTUWIHUTE MaTepvanu

Decncnasa CraHeBa', o Npa6ues®

' XumukomexHonozauyeH u MemasnypaudeH yHusepcumem, 1756 Cogpus, beneapus
?Cogputicku yHusepcumem "Ceemu Knumenm Oxpudcku’, MeduuyuHcKu pakyimem,
1407 Cogpus, bvneapus

E-mail: grabcheva@mail.bg

Pe3rome
YueOHUKbT “TeKCTHIIHN MaTepHaIH ChC CEH30PHH CBOMCTBA M (DOTOJMHAMHUYHA aKTUBHOCT

(ISBN 978-954-91951-6-3) ¢ npeaHa3HayeH 3a CTYIGHTUTE OT MarucThpcKaTa CHEIUaTHOCT
»MEeINIMHCKH TEKCTIUIT Ha X UMUKOTEXHOJOTUYHUS U METATypPrudeH YHUBEPCUTET, KAaKTO U 3a
BCUYKH, KOUTO paboOTAT B Tazu cdepa, MPOBEKIAT HAYYHU H3CJIEIBAHUS, MpUiIarar Te3u
MaTepuaiu B MPAKTUKATa U €KEAHEBUETO CU WJIM MPOSBABAT MHTEPEC KbM MHTEIUTCHTHUTE
TEeKCTUJIHM MaTepuaiu. Toil nMa 3a 11eJ1 fja TY 3a1o3Hae ¢ ABE CbBPEMEHHU U Obp30pa3BUBAILHU CE
HalpaBlieHHs B 00jlacTTa Ha TEKCTHJIHOTO MPOU3BOACTBO, KaKTO U C TEXHOJIOTMUTE 3a
MonudUIIMpaHe HA TEKCTUIIHUTE MaTepuay, 3a a UM ObJaT NpuaZeHy HOBU CBOMCTBA KaTo
CEH30pPHM CBOMCTBa M (OTOAMHAMHYHA AKTUBHOCT. TEKCTUIIHUTE MaTepHalld CbC CEH30PHU
CBOICTBA C€ OTHACAT KbM T. HAp. MHTEJIUT€HTHU TEKCTUJIHU MaTepuaju, C IOMOIITa Ha KOUTO
MOTar Jia ce HabJoAaBar pa3InyHy )KU3HEHU (PyHKINHU, TPOMSHA B 3[PABOCIOBHOTO CHCTOSHUE
Y paHHa IMarHOCTHKA, KAKTO U Ha pa3JIMYHU TPOMEHH B OKOJIHATA cpefa. TSIXHO MPEeIUMCTBO €
BB3MOXKHOCTTA J1a Ob/IaT HOCEHH TTOCTOSIHHO, 0€3 1a ch3aaBat auckoMdopt. [lonyyaBaneTo um e
CBbp3aHO C yrnoTpebara Ha pa3IMYHU BUAOBE MHAMKATOPHM Oarpuia, 3aToBa CTYACHTUTE €
HEOOXOAMMO JIa CE 3alo3HasAT ChC CTPYKTypara M MPUHIMINTE HA JACHCTBHUE HA ONTUYHUTE
CEH30pH U MPUIIOKEHUETO UM MpHU MoaudUIIMpaHe HAa TEKCTWJIHM marepuanu. Pasrnenana e
CBIIHOCTTAa W MEXaHW3Ma Ha jeiicTBue Ha ¢oToguHaMuuyHata Tepamnusa. [IpencraBeHu ca
pa3nuyHu (POTOCEHCUOMIN3ATOPH U TAXHATa ymoTpeda Mpu MojiydyaBaHE HAa TEKCTUIIHU
MaTepuail ¢ pa3IuyHUu MEAUIMHCKH MPUIOKEHUA (AHTUMUKPOOHU, CaMOIOYMCTBAIM CE€,
nedeOHu U ap.).

2 CNMUCAHMUE "TEKCTUN N OBJNIEKJ10"
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1. VYBoa

1.1. CbBpeMeHHHN TEeHIEHUHUHU B
Pa3BUTHETO HAa TEKCTHJHATA

NPOMHUIILIEHOCT
TexkcTun € cbhbOUpaTeaHO Ha3BaHUE 3a

BCUYKHU MPOAYKTHU, MPOMU3BEAECHU upe3
IUIETEHE, ThKAaHE, MpEIUIMTaHe, IPECOBAHE,
ype3 XMMHUYHA, OMOTEXHOJIOTMYHA HIIH
TepMu4YHa 0oO0paboTKa Ha pa3JIUUYHU
€CTECTBEHHM, M3KYCTBEHU WM CHUHTETUYHU
BJIakHa. [Ipou3BOJICTBOTO HAa TEKCTUI H
TEKCTUJIHM W3/ENUsl CE€ Hapuya TEKCTUIHA
IPOMUILIEHOCT. TEKCTUIBT € €IHOBPEMEHHO
KpaeH MPOIYKT 3a MOTpeOIeHHue U CypOBUHA
3a apyru npousBoacTBa. Toll Hamupa
NPUIIOKEHUE 3a: €KEIHEBHO, O(UIIHATHO U
CHOpTHO 00J€kiI0, 00yBKH, JAOMAalIeH
TEKCTHJ, B CEJICKOTO CTOMAHCTBO,
TpaHCcOHOpTa, CTPOUTEICTBOTO, B
UHAYCTpHUATA, KAaTO TF€OTEKCTHJ, NPH
MPOM3BOACTBOTO Ha 3alllUTHU OOJIEKJIa U
JUYHU Tpeana3sHu CpeACTBa, 3a XUTMEHHU
MaTepuatu U MEAULIMHCKH U3JIEIHS, U AP.

[1pou3BOACTBOTO HA TEKCTUJ € 3aHASAT OT
IbI00Ka JIpeBHOCT. Hsikonko Xumsaonerus
mp. H. epa xopara ca o0OpadOTBajIM PHYHO
€CTECTBCHHUTE BJIAKHA, B MaJIKM OOEMH, 3a
3aJI0BOJISIBAHE TIPEAMMHO Ha COOCTBEHHUTE CU
norpebHocTH. B kpast Ha 18 Bek u HauanoTo
Ha 19 Bek, ¢ BHEOPSIBAaHETO Ha MAIIMHHU
TEXHOJOIUHU, CKOPOCTTAa Ha Pa3BUTHUE U
Mam@adbT Ha TEKCTUIHOTO MPOU3BOICTBO
OWBAT CHJIHO MOBJIHUSHU OT WHAYCTpUATHATA
PEBOITIOLIHSL.

bbrirapus uMa BEKOBHU TpaJULIUU B
IIPOU3BOJICTBOTO Ha NPEXIHU, ThKAHU U
TekcTUIHU u3aenus. [Ipe3 Bw3paxnanero, To
OT INpakTHKa 3a CaMO3aJ0BOJIsABaHE Ce
IpeBpbIla MOCTENEHHO B 3aHAAT U
MaHupakTypa, a B NOCIEJACTBHUE U B
CBILIECTBEH OTpachsl Ha ObJrapckara Jeka
npomuiieHoct. Kem 2006 1. TexcTuiaHaTa

TEXTILE AND GARMENT MAGAZINE

NPOMUIIIEHOCT € Cpea OTpaciuTe,
ompeAeNsmH eKCHmOpTHUS mpodum Ha
cTpaHara. JlHec TeHJICHIIMUTE ca CBbP3aHU C
BbBEXKJaHE Ha HOBO o0OpyABaHE U
TEXHOJOTHUHU, KOUTO Ja OTTroBapsAT Ha
EKOJIOTHYHUTE M MKOHOMHYECKH N3UCKBAHUS
3a Ola3BaHE HA OKOJIHATA Cpefa, CHepruiiHa
e(heKTUBHOCT, KpbroBa MKOHOMHKA,
pa3paboTBaHe HA U3/IEIHS C BUCOKA J0OaBeHA
CTOMHOCT W 3aJ0BOJISIBAIM CHBPEMEHHUTE
MOTPEOUTEIICKH U3UCKBAHMUS.

TekcTusli MOXke Ja ce MpPOU3BEkKAa OT
MHOTO pPa3MYHA Marepuanu. B mmuamoro,
TEKCTHJIBT € OWJ MpPOM3BEkKIAaH CaMO OT
€CTECTBEHU (KUBOTUHCKHU, PACTUTEIIHHU)
BJIaKHA, a CJeJ WHAYCTpUAIU3auHsATa B
MPOU3BOACTBOTO HABIM3aT HM3KYCTBEHU U
CHUHTETUYHHU BJIaKHA, KaTo J00aBKa MM KaTo
OCHOBHO Ch/IbPKaHUE.

B cBeToBeH Mamal TEKCTHIIHUAT CEKTOP
JOTIPUHACS 3HAYUTEIHO 32 MKOHOMHKATa U
NpPOU3BEXK/a KHU3HEHOBAXXHU CTOKHU 3a
XopaTa, OT MPOM3BOACTBOTO Ha BJIAKHA /0
MIPOU3BOJICTBOTO HA OOJEKIIO U JP. U3ICIHUA.
[TazapbsT Ha TEKCTHUJIHU H3IEIUS
HEMPEKbCHATO CE YBEINYaBa, KAKTO U HA TO3U
C MEIUMUUHCKO MPHUIOXKEHHE U C
AHTUMUKPOOHA aKTUBHOCT.

CpBpeMEHHUTE TEHACHLIUU B Pa3BUTUETO
Ha TEKCTWJIHATa MHIYCTPHUS ca CBBP3aHU C
HapacTBaHe Ha HHTEpeca KbM TEKCTHUII,
MPOU3BEJEH OT €CTECTBEHU MaTepuaiu ¢
pacTUTeNeH, )KUBOTUHCKHU H/HJIM MUHEpaJIeH
npousxon. OcBen gobOpute cu
eKCIUIOaTallMOHHN KauecTBa, €CTECTBEHUTE
BJIaKHA UMAT HUCHK €KOJIOTUYEH OTIEeYaThK,
THI KaTo ce pasrpaxaaTr B OKOJIHATA cpena ¢
T€YEHHEe Ha BpeMeTOo. MHOT0 KOMIITaHUHU
aKTUBHO paboOTAT 3a NpeBpbhIlaHE Ha
TEKCTHJIHOTO MPOU3BOJACTBO OT JIMHEEH B
KpbroB npounec. ToBa mpenmonara
U3I0JI3BAHETO Ha Bb30OHOBSEMHU MaTepHain
IpU IPOU3BOACTBOTO HAa TEKCTHUJ, KOWTO



JIECHO J]a C€ PEUUKINPA U MPUJIaraHe Ha I10-
MaasIy OKOJIHATa cpela TEXHOJIOTHUH.
HenpexbcHato HapacTBa neqbT Ha OHJIANH
1a3apyBaHETO, KAKTO U THPCEHETO Ha
TEKCTHJIHU U3/CJIHSI C HOBA ()YHKIIMOHATTHOCT
Y IOTPEOUTENICKH 10KA3aTEeIH, BKIIOUUTEIHO
WHTEJIMTeHTa PEaKIUsl CIPSIMO MPOMEHUTE B
OKOJIHATa CpeJia.

1.2. TekKCTUJIHM MATEePHAJHU CHC
CEH30PHU CBOICTBA

[Ipe3 mocunenHuTe TOAUHHU
TPAJIUIMOHHUAT TEKCTUJI 3all04Ha JIa Urpae
HOBAa pOJISI B MAaTepUalO3HAHUETO.
W3cnenoBarenn oT pas3ivyHU 00JacTU Ha
HayKaTa ce 00eTUHSBAT C 111 IPEBPBIIAHETO
Ha €JIMH OT Hal-CTapUTe IMO3HATU H
MIPOU3BEKIAHU OT YOBEKA MATEPUAIIH B HOBO
ITIOKOJICHNE MHTEJIMT€HTEH MaTeprall.

NHTENUTreHTHUSAT TEKCTUJI MOXeEe Ja
perucTpupa, pearupa u 1a ce ajantupa
CIIPSAMO NPOMEHSIIUTE CE YCIOBUS 4pe3
WHTETPUPAHE HA BEMIECTBA ChC CIIEHUAIHU
CBOIICTBa B HEroBara CTPyKTypa. 3a Ja UMa
TakruBa (PyHKLIUHU TOHM TpsiOBa /a mpuTeKaBa
IMOHE JIBAa KOMIIOHEHTA: CEH30pPEH H
pearupaill. BbHIIIHUTE BIUAHUS MOXE J1a ca
€JIEeKTPUUYHU, TEPMUUYHHU, MAarHUTHH,
XUMUYHU, OMOJOTUYHH HIU OT JAPYT
npousxon. TakbB TEKCTUI MMa OTPOMHU
BB3MOXKHOCTHU 32 MPHUJIIOKEHHUE HaBCAKBJE,
KbJIETO HAOIIOJICHUETO U Obp3aTa peakius ca
OT XHM3HEHA Ba)XHOCT, HalpuUMeEp B
MeIHIMHaTa, MpU Ola3BaHE Ha OKOJIHATa
cpezda, 3a Mpenana3Ho OOJIEKIOo, B CEJICKOTO
CTONIAHCTBO, B CTPOUTEJICTBOTO, 32 BOCHHHU
LIEJU, IPU KOCMUYECKUTE U3CIEABAHUSA U JIP.
[maBHara 1en € Tol na Obe B MOMOIL Ha
YOBEKa M J1a ro MH(HOPMHpPA 32 HACTHITBAIIUTE
MPOMEHHU B 3a00HWKassIara ro cpefa Wid B

KU3HCHOTO MY CbCTOAHHC.
IToHacTOosimemM roiemMu yCcuinsga u

MHBCCTHIOHHU Ca HAaCOUYCHHU KBM
HaBPCMCHHOTO OTKPHUBAHC U IIPCAIIa3BaAHC OT

pa3IMYHU 3aMbPCUTENH BbB Bb3/IyXa, BOAATA
v rmoyBara. ToBa e mpuYrHa 32 HEMPEKbCHATO
pa3paboTBaHE HA HOBU CEH30PH C NOAOOPEHU
xapaktepuctuku. Cpen TAX ONTHYHUTE
XAMHYHU CEH30PH C€ OTIMYaBaT C peania
npeauMcTBa. Te Morar mpoabDKUTENHO N1
perucTpuparT HAJIUYHETO HAa Pa3IUdHU
XMMUYHHA BEIIeCcTBAa M Taka HaMupar
MHOTOOPOIHH MPUIIOKEHUSI B XUMHUYECcKaTa
WHIYCTPUSA, MEIUIMHATA, CTPOUTEICTBOTO,
CEJICKOTO cTomaHcTBO M Ap. MHTepec
npeACTaBIIBaT TE€3U CEH30PH, KOUTO
MPOMEHST I[BETAa CH M TaKa MO3BOJSIBAT C
,,[IPOCTO OKO“‘ 1a C€ YCTAHOBHU HAJUYMETO HA
JnanaeHo BeuiectBo. Cpel IpyruTe ONTUYHU
METO/AM, M3MOJ3BAaHU ChC CEH30pHA Lel,
diryopecueHusaTa ce OTIMYaBa ChC CBOSTA
YYBCTBUTEIHOCT U MHOTOOpPOHHU
nmapamMeTpH, KOMTO MOTaT Ja CIyXaT 3a
aHaJTUTUYHA WHGPOpMAIUS U HAJUYHEe Ha
e(eKkTr, KOUTO ca HEMO3HaTH 3a JAPYTUTE
CTIEKTPOCKOIICKU METO/IH.

OTnaraneTo Ha CEH30PHU MOJICKYIIH BbPXY
MOJIMMEPHU MaTPULIM OCUTYPSIBA yCIOBHS HE
caMO 3a JAETEKIUsS Ha MHUHHUMAIHU
KOHIIEHTPAalU MU OT aHAJIHU3UPAHOTO
BEIIECTBO, HO CBIIO U 3a MOJIy4aBaHETO Ha
TpailHU BBB BPEMETO MaTepualid, KOUTO
Morar Jia ce U3I0JI3BaT MHOTOKpaTHo, 6e3 11a
paspymaBaT H3CJieIBaHUS O0EKT KaTo
pearupaTtT cCpaBHUTEIHO OBpP30 Ha
HACTBIIWJINTE IPOMEHH B 3a00MKaISIIaTa TH
cpena.

Enna noBa o0nacT B Ta3u Hacoka €
u3cjaeJBaHe Ha BB3MOXHOCTHUTE 3a
U3II0JI3BaHE HAa TEKCTWJIHM MaTepuay KaTo
TBBPJI HOCUTEI Ha Pa3IUYHU a0COPOIIMOHHH
U (IIyOpPECLUEHTHU CEH30pHU. TEeKCTHIIHWUTE
Marepuaaud MpUTeXaBaT M HAKOU JIPyTrU
npeJuMcTBa KaTo I'bBKaBOCT, n00pa
IPOHUIIAEMOCT U OTTaM JIECEH KOHTAaKT C
aHaJIM3UpPAaHUTE BellecTBa. Bb3MOKHOCTTA
na 0bJaT MOJENHUpaHU B pazHOOOpa3HU
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dopMu M W3IENHs UM TO03BOJIsIBA 1a OBaaT
CbBCEM E€CTECTBEHO HOCEHM OT YOBEK, 0e3
TOBA J1a Ch3/1aBa HEYIOOCTBO U TUCKOM)OPT,
KOETO € MbK O0COOEHO BaXHO MNpHU

OmoceH30puTe.

C momorra Ha ONTHYHUTE CEH30PH MOXKE
na ce mpociuensBar npomeHu B pH Ha
pa3IMYHU TEYHOCTH, 32 ACTEKINS Ha TEXKKH 1
NpEeXoJHU METaJlHU WOHH, aHUOHHU,
HEYTpPaJlHU MOJEKYJIH, Pa3TBOPEHH U
arMoc(hepHH ra3oBe.

1.3. AnTumukpoOHa ¢oTogMHAMHYHA

AKTUBHOCT HA TEKCTHJIHUTE MAaTePHAJIH
B ceBpeMeHHUsA CBAT ce HabiroaaBa

3HAYUTEJIHO THPCEHE M HHTEPEC KBM
MPOU3BOJICTBO HA AHTUMHUKPOOEH TEKCTHIL.
HapactBamiara ocBeIOMEHOCT Cpell Xopara
OTHOCHO JIMYHATA XUTHEHA M PHUCKOBETE 3a
37IpaBeTO, CBHP3aHH C MHUKPOOPTaHU3MHTE,
NPEJICTaBIsABA €IUH OT KIIIOUOBUTE (paKkTopw,
JIBUKEIIM Ta3apa Ha aHTUMUKPOOHUS
TEKCTUJ. AHTUMHKPOOHUTE TEKCTUIIHU
MaTtepualu ca QYHKUUOHAIU3ZHPAHH
AKTUBHH TEKCTUJHH MaTepHalid, KOUTO
MOTUCKAT pPacTeka Ha MHUKPOOPTaHU3MHUTE
WM TH yHHI[OXaBar. OOMacTuTe, B KOUTO
MOrar Jia ce Mpuiiarar ca: 3paBeolia3BaHe,
XUTUEHA, MEIUIIMHCKU H3JCIHs, CIIOPTHU
oOnekia, JOMalieH TEKCTUI, ONAaKOBKH,
aBTOMOOWJIM M JPYTH TPEBO3HH CPEACTBA,
NPy BB3MYIIHUTE QWITPH U CUCTEMHUTE 3a
NpeYucTBaHe Ha BojJgaTa U JP.
AHTUMUKPOOHHSIT TEKCTHI € JOCTa
HOMYJISIPEH TPU CHOPTHOTO HMIIM aKTHBHOTO
MOJIHO OOJICKJIO, BKIFOUUTETHO Yopanu. Kem
AHTUMHUKPOOHOTO CHOPTHO OOJIEKJIO HMa
rojisM HHTEpecC, 3alloTO MOXe Ja O0bie
TIOJIE3HO 32 MPEAOTBpATABaHE HA pacTexa Ha
MHUKpPOOUTE W MHUpHU3Mara Clie]l U3NOTIBaHE.
Hamupar cBOeTO HNpHUIOXKEHHUE NPHU
IPOU3BOACTBOTO Ha JMYHHU NpEIMa3HH
cpencTBa, OeOCMIKM TENeHH, a ChIIO U 3a
Mmacku 3a smne. [loxg ¢popmara Ha paznumyHH
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W3JIeNMs ca BaXKHA YacT MPH 003aBEXKTAHETO,
OOJICKJIOTO M TIPU Pa3IUYHHU ACHHOCTU B
3[paBHUTE 3aBelieHUs. [[pexure, KOUTO ce
HOCST OT MAllMEHTHUTE U 3JPaBHUTE
paboTHMIM, Morar Jga ObJaT HOCUTENIU Ha
MHOT'O MUKPOOH, KOUTO JIECHO CE ITpeaaBar OT
eauH 4oBeK Ha Apyr. OT aHTUMHUKpPOOHU
MaTepHuai ce u3padoTBaT U MPEBPH3KUTE 32
paHu. YnoTrpeOsBar ce U Mpu TpEeTUpaHe Ha
pPa3IMYHU KOKHU 3a00J15IBaHUSI, KAKTO U MPHU
n3paboTKaTa Ha MeTUIIMHCKU u3aenus. Te ce
MPEANOYUTAT CHII0O M BbB BCUUKH MECTA,
KOMTO ca MOJATJIMBY Ha Pa3pOCTPAHEHUETO
Ha MUKpOOUW, BKIIYUTEIHO peauia
OOIIIECTBEHH MOMEIIEHUSI U TPaHCHOPTHU
CpelcTBa.

Enun ot meTonuTe, Ha KOMTO c€ Bh3jarar
roJieMU HAJI€XKJHU 3a CHpaBsiHE ChHC
ChbBPEMEHHUTE MPEIU3BUKATEICTBA HA TTOCT-
aHTHOMOTHUYHATA epa, MPHU KOSITO ce
yBeJinuaBa CMBPTHOCTTA OT pa3iM4HU
WH(DEKIINO3HN 3a00JISIBAaHUS TIOPAIN JIUTICA
Ha TMOIXOASIIM TEPaNeBTUUYHU CPEACTBA, €
aHTUMUKpoOHaTa (OTOAUHAMHYHA TEPAITHSI.
Tsa BKAWUYBA M3MOJI3BAHETO HA
doroceHcHOMIN3aTOP, KOUTO CE AKTUBUPA OT
CBETJIMHA C OIpeJielieHa IbJKUHA Ha
BbJIHATa, B NPUCHCTBUE Ha Kuciaopona. B
pesyaTar ce oOpa3yBa CHHIJIETEH KUCIOPOJ
('O,), KOHTO YHHIIOKABA IEJNEBUTE KIIETKH,
BKJIFOUUTEIIHO PAKOBH M MUKPOOHU KIIETKH.
CHUHTIETHUAT KHCIOPOJ HMa KpPaThK
MOJTY’)KUBOT U AUQY3HsITAa My JIOCTUTA CaAMO
HAKOJIKO HaHoMmeTpa. CiemoBareliHo,
LHUTOTOKCUYHOCTTa MYy € OrpaHuyeHa [0

HEMOCPEICTBEHUTE KICTKHU.
YcranoBeHo e, 4e (QoToaMHAMHUYHATA

Tepanus € e(eKTHUBHa cpely OaKTepuw,
rbOUYKHU, BUPYCHU, MPOTO30U U JP.
MUKpoopranu3mu. Ts npuTekana moTeHIHaT
3a pa3BUTHE, KAKTO OT U3CIIEA0BATEIICKA, TAKa
U OT TMpaKTHUYeCKa IVeHA TOYKa. 3aToBa B
npomec € ThPCEHETO HAa HOBH



boToceHCcUOUAU3ATOPU HUJIHU HOBHU
W3TOYHUIIM HA CBETJIMHA C MO-IIEJICHACOYEHO
nerictBue. [loBeueto poroceHcnbunmuzaropu
ca Oarpuiia, KOUTO MOTraT Aa Obaar
TIOJTXOJISAIIO TIPUIIOKEHHU BHPXY TEKCTUITHUTE
MaTepHaJu, 3a Ja UM mNpugajgar
AaHTUMUKPOOHU cBoiicTBa. [lonoOHU
MaTepuajy ca BaKHA YacT OT KIMHUYHATA
NpakTHKa, 3[PaBHUTE 3aBEJICHUS H
oOIIeCTBEHUTE MPOCTpaHCTBa. Te morar na
UTpasiT ChIONECTBEHA POJSA NPH
npeaoTBpaTsiBaHe Bb3HUKBAHETO
BbTPEOONHUYHU MHPEKIUU HJIU Ha
€NUJAEMHUOJIOTUYIHO HUJIU TaHIACMHUYHO
pa3snpoOCTpaHEHHE HAa Pa3lIUUYHU
MUKPOOPTaHU3MHU.

Yacrl
Moaudpuuupane Ha TEKCTUJHHUTE
MaTepHuaJIn

CepuiecTByBa TOISIMO pasHOOOpaszue OT
TEXHOJOTHU 3a MOoAUUIIUpaHE HA
TeKCTUJIHUTE Marepuanu. TexHusar u3zoop
3aBUCH OT IM3aifHa Ha TEKCTUITHUS MaTepua,
OT HETOBUSI XUMUYCH ChCTAB U CTPYKTYpa, OT
XUMUKAJIUTe, KOUTO M€ CE€ M3IMOJI3BaT, OT
HAJIMYHOTO 000py/IBaHE, KAKTO U OT KpaitHaTa
My ynorpeba. J[pyru u3uckBaHHS ca
CBBpP3aHM C KOHCyMalusiTa Ha BOJa U
OTJICJICHUTE OTIATHU BOIU, HEOOXOoAMMmara
EHEeprusi U JPYTd EKOJOTUYHU W3MCKBAHUS
KbM pabOTHOTO MSCTO U YCJIOBHATA 3a
MNPOU3BOJCTBO, OT BH3MOXKHOCTTA 3a
PEIUKIUpPaHe Ha TEKCTUITHOTO u3nenue. [Ipu
M3MO0JI3BAHUTE METOAM MOXE Jla C€ IIENH
oOpa3yBaHe Ha KOBAJICHTHU BPB3KH MEKIY
BIIAKHECTHUS MaTepual U oOpaboTBaluTe
ChelIMHEHUs (HarmpuMmep Oarpuia, pa3indyHu
OMOJIOTMYHO aKTUBHU BEIIECTBA U JIp.) W/WIN
oOpa3zyBaHe Ha MO-clabu BPB3KH (MOHHU,
Bozopoanu, Ban nep Baancosu u nip.).

B peauna ciydyan, korato € HeOOXOAUMO

MMOCTUTAHE HA IMO-TOJIIMAa YCTOWYUBOCT TIPH
yCcIOBUsATa Ha ynmoTrpeba € moaXoAsIio
KOBAJICHTHOTO CBbP3BaHE MEXKAY OArpuiaoTo
M BIIAKHOTO. AKO ce oOpasyBar Mo-ciabu
Bpb3KH, METOAMTE 3a 00paboTka ca mo-
ONPOCTEHU M MOXKE Ja HE ce Ipuiara
npeaBapuTeIHO MoAupuUIUpaHe Ha
TEeKCTWJIHMS Marepuali. B To3u ciydail mon
JICMCTBHE Ha BBHIIHU BB3JCHUCTBUS, KaTo
npomsiHa B pH, oOpaborka ¢ ompeneneH
pPa3TBOPUTEN, MPOMSHA B TEMIIEpaTypara,
TE3U BPB3KH CE Pa3KbCBaAT U Oarpuiara Uiu
JIPYTUTE BELIECTBA CE OTACIISIT OT BIAKHECTHUS
matepuan. ChruiecTByBaT 00JIacTH Ha
MPUIIOKEHUE, KOTaTo TOBa € MOAXOASIIO.
Hanpumep, xoraro TeKCTHIIHUTE MaTepUaIH
Ce U3MO0I3BaT KaTO HOCUTEIN Ha OMOJIOTUYHO
AKTUBHH BEIIECTBA YECTO CE IEIH TIXHOTO
OTJENISIHE OT BJIAKHECTHUS! WJIU KOMIIO3UTEH
MaTepuaa Ja cTaBa NOCTENMEHHO U
KOHTPOJIMPAHO, 3alM0YBaliKM caMoO TMpH
HEOOXOTUMOCT U ITPH JIAJICHH YCIIOBHSL.

3a mpugaBaHe Ha HOBU CBOWCTBAa Ha
TEKCTUJIHHUTE MATepUad KaTo CEH30PHHU
CBOICTBA U (POTOAMHAMHYHA AKTUBHOCT KbM
TSX MOTAaT Ja Ce€ CBBpPXKaT, KAKTO
HUCKOMOJICKYJIHH, TaKa U BUCOKOMOJICKYITHH
(JIMHEHU U Pa3KJIOHEHM) BEUIECTBA, a ChILO
OpPraHWYHU U HEOPTAaHUYHU HAHOYACTHUIH. 32
[[eNTa € Bh3MOXHO JIa C€ M3IMOJI3BaT JBa
MOJX0/a: MPH MhPBUA - c€ Moauduuupar
MOJIEKYJIUTE Ha OArpuiIoTo WU TOJTUMeEpa, a
npu BTOpHUS - ce MoAuduIEpa camMus
TEKCTUJICH MaTepHall.

1.1. MeTtoau 3a BbBeXKIAaHEe HA HOBHU
(yHKUMOHAIHU IPyNM BbB BJIAKHECTHUTE

MaTepuaIu
B nureparypara uma onucaHu pasiiMdyHU

IoAXO0OOAH 3a BBBCKIOIAHC HAa HOBH
(1)YHKHI/IOH3JIHI/I rpylin BBB BJIAKHCCTHUTC
MaTcpuruain:
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e Xumuuno pas3kvceane Ha
2IIOKO3UOHOMO A0PO 6 cCbCMaAsa Ha

Uuenyio3nama MaKpomoieKyia
IIo TO3M HauuH B ImaMy4dHHusd TCKCTHUJICH

MaTepual WK ApYT LUEeTyJI03eH MaTepHral ce
BBBEXK/IAT aNJIEXUJIHU TPYIU 4pe3 clieHara
obOpabotka. [Tlamyunus miar ce o6padboTsa ¢
0.1 M pa3tBop Ha HaTpueB nepuoaar 3a 18 4.
Ha TbMHO, NP CTailHa Temieparypa, cliel
KOETO Ce MPOMMBA C JeCTHUIIMPaHa BOJIA.

e Bweercoane na nosu pynkuyuonannu

2pynu c noOMowiina Ha ni1amena oopadbomka
C T031 MeTOn Morar J1a ce BbBEIaT HOBU

byHKIMOHATHU TPYNH B TEKCTUIHU
MaTrepuaiu ¢ pa3indeH ChcTaB (MaMYK,
NoJuaMuA, MOJUECTEP U AP.).
A3oTchabpKamuTe (QPyHKIIMOHAIHA TPYIH
KaTO aMHUHO, UMUHO M JAp. UIH
KHCJIOPOACHABPKAUIUTE TPYNH KATO
XUJAPOKCUIIHH, KapOOKCUIIHU M aMUJIHHU
rpymnu Morart fa ce oopasyBar B 3aBUCUMOCT
OT M3MOJI3BAHUS ra3 (aMOHSIK, a3O0T,
KHUCIIOPO/I, Bb3AYX U JIP.).

® Xumuuno moouguyupane na namyuen

naam ¢ Xa0poavemu Xa0puo
XnopoangeTuyl XITOPUABT €

NABYQYHKIIMOHATHO ChEIUHEHHUE U
npuTeX)aBa JBa pa3JUYHHU MO CBOATA
PEaKTUBOCIOCOOHOCT XJopHH artomu. Ilo
TO3W HAYUH MaMYYHUST IUIaT MOXKeE J1a Obe
MonupuUuIHUpaH ¢ HETO B cpejga Ha
nuMmeTuiaipopmamMmua. BoBegenure
AleTUIXJIOPUIHN TPYNHU MO-HATATBK JIECHO
oOpa3yBaT e€cTepu U aMUHHU uYpe3
HYKJCO(HUIHN peakIiuu Ha 3aMeCTBaHE
CBHOTBETHO C aJIKOXOJH WK aMuHU. [lamyuen
miat ce monupunupa ¢ g0 10% (v/v)
CICOCH,Cl B tumetundopmamus mpu 60 °C
3a 2 4., IpU KOETO B IeJyJio3HaTra
MaKpoOMOJEKyJia ca BbBEJIEHHU
PEaKTUBOCIIOCOOHU XJIOPHU aTOMH.
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o Kosanenmmno Cébp36aHe Ha
UHHuamop Ha nojaumepu3auusil 6svpxy

mexkcmujiHuamamepuaii
Axo HMHHULIUATOPHT € CBbP3aH KOBAJICHTHO

KbM TEKCTUJIHHS MaTepuaj, ToraBa
noJUMepHu3anusITa NpoTHUYA KAaToO
MOBbPXHOCTHO MHUIIMUPAHA U TOJYYECHUST
noJIMMepeH cJoi e Obae mo-craduieH. B
TO3U CJIy4ail MOXe J1a ce U3I10JI3Ba U3BECTHHUS
MeTo/1 3a 6arpeHe ¢ peakTUBHU Oarpuia.

e (Cv30asane Ha HO6U (PYHKUUOHAIHU

2pynu 6 nonuecmepHume 61aKHA
Upe3 xumuuyna obpaboTka Ha

MIOJINECTEPHUS MaTepHall B ajlKajHa cpena C
4-20% pasztBop Ha NaOH nnu KOH, c¢bc nnu
0e3 KaTaJIM3aTop WK ChC CSPHA KHCEIUHA Ce
pa3KbCBAT 4acT OT €CTEPHUTE BPB3KU B
MOJIMMepa U Taka ce Ch3JaBar [o-rojisiM Opoi
KpailHu KapOOKCHUJIHU WU XUIAPOKCUIHU
rpynu. JIpyra Bb3MOKHOCT 3a BbBEXKIAHETO
Ha HOBM AMHUHO TPyIHU B IOJIUECTEPHUTE
MaKpOMOJIEKYJIM € 4Ype3 H3IO0JI3BaHE Ha
eTUJICHAUAaMUH 3a 00paboTkara My, KOETO

INpCaAn3BHUKBA HETOBATA aMHUHOJIN34A.
C’bSI[aBaHeTO Ha HOBH q)YHKI_II/IOHaJIHI/I

rpynu B XuapogoOHUSA moduecTepeH
MaTepuaJ] MOXE Jla CTaHe M 4pe3 I0-
KOHTPOJIUpPAH U IO-EKOJOTHYCH Tpolec Ha
€H3MMHa 00pabOoTKa, IIPH KOSATO CE U3IOJI3BAT
€H3MMHU KaTo JIUTAa3H U KyTHHA3H, U30JIUpaHu
OT pas3Iu4yHU OMOJOTMYHM M3TOYHHUIU. [lo
TO3U HAYMH CE MOI00psIBAT aHTUCTATUYHUTE
CBOMCTBa, OMOKPSHETO, CIIOCOOHOCTTa 3a
OarpeHe v JOMbJIHUTETHO MOAUDUIIPAHE.

I.2. Texnonoruu 3a monuuupaHe Ha

TEKCTUWJIHUTE MaTECPHUAIN
EaneHeTO Ha TCKCTHUJI CHIIO MOXC 4

Ce paj3riexjga KaTo Npolec Ha
MonudUIIIpaHe HA TEKCTUIIHUTE MaTepUaIu
- BJIaKHA, TPEXJa W IUIaT, MpU KOUTO ce
U3MO03Ba OarpusieH pa3TBop. Toil ce cheTou



oT Oarpmio, BoJa M Ppa3IMYHU TEKCTHIIHU
crioMaraTeJHH cpeacTBa (€JIEKTPOJIUTH,
aJKaJlHU BEU[E€CTBAa, MOKPHUTEIH,
JUCHepraTopy, OMEKOTUTEIN Ha BOJIaTa U JIp.
xumukann). Llenra Ha npoueca Ha Garpene e
Jla ce TIOCTUTHE paBHOMEPEH LBAT C Jgo0pa
YCTOMYMBOCT Ha YCJIOBHUSTA, KOUTO ca
MOAXOJSIIM 3a KpailHata ymoTrpeba Ha
TEKCTWJIHUA MaTepuan. M300pbT Ha THUN
TEKCTUJIEH MarepHuall, Kjac Ha Oarpuioro,
HayuHa Ha OarpeHe W HeoOxoaumara
JOBBPIIUTENHA 00paboTKa ca BaXHHU
pEILICHUS 3a IOCTUTAHETO Ha 3a/10BOJIUTEIHA
YCTOWYMBOCT Ha LBETA HA KPAaMHUAT
IPOAYKT.

CohbiiecTByBaT pa3iM4HU METOAM 3a
Oarpene u MonupuUIIMpaHe HA TEKCTUIHUTE
MaTepUasy, BKJIOYBAIM TPAJAUIMOHHU U
MOJEpHU TEeXHUKHU. HsAKOM OT Hai-uecTo
M3I0JI3BAaHUTE METO/IH Ca:

e Qopabomka 6 bans
Ta3u mpouenypa BKJIOYBA MOTAISHE Ha

TEKCTHITHUS MaTepHall B OarpuiTHUsI pa3TBOD,
HarpsiBaHe M CYyLIEHE Clie]] U3BAXKIaHE OT
obpaboTBamiara Oans. M3moi3BaHeTo Ha
YATPa3ByK U MUKPOBBIHU JOMBIHUTEIHO
MOXKE Jla YCKOpHM Ipoleca W J1a Mnomodopu
dbukcupaHeTo Ha OarpujHHUTE MOJIEKYJIHU
BbpXY MIOBBPXHOCTTA Ha BIIAKHATA.

L Hano;leane-cymeue-

mepmoghuxcupane
[IpenuMcTBO Ha HAMOSBAHETO KAaTO METOJ

3a HaHAcsSHE Ha Oarpuiiata € HaMajsBaHe Ha
M3moJi3BaHaTa BojJga 3a oOpaboTka u
MOJIY4YEHOTO KOJIMYECTBO OTMAIbYHU BOIHU
cien ToBa. [Ipu TO3M METO/T CHIIIO MOXKE /1a Ce
n30eryHe erama Ha TepMOMUKCUPAHE U Jia Ce
3aME@HHU CBhC CTYJIEHO OTJeXaBaHEe 3a
OmpejaesieH Mepuoa OT BpeMe, C KOeTOo
mpoiieca ce 3a0aBsi, HO C€ TIECTU EHePrusl.

e [lokpumue cvc cnpeii
I[Ipu metoma, ¢ W3MOJI3BaHE Ha CIIPEH,

BOJIaTa 3a 00paboTKa ChILIO € HaMaJleHa KaTo
KOJIMYECTBO U METOABT € OA00EH Ha MeTo/1a
C HalosiBaHe, Thil KaTo clie/l HAaHACSIHETO Ha
OarpuiHHUs pa3TBOpP ChC CHpeH clieaBa
cymeHe U TepMopUKcHUpaHE.
KoHnenTpanusta Ha pa3TBopa, TMaMEeTbPbT
Ha JIO3UTE€ U HaJsAraHeTo Ha CTpysTa ca
napaMeTpH, C KOUTO MOXKeE J1a C€ KOHTPOJIMpa
KOJIUYECTBOTO Ha OTJIO0XEHOTO BBPXY
Marepuana Oarpuiao. MHOTOKpaTHOTO
HalpbCKBaHE MOXE Jga JAOBeAEe 10
HEpPaBHOMEPHO pa3lpeleleHue Ha
NpUJaraHuTe XUMUKaIU. AKO MpuU Ipoueca
OpoTUYaAT GU3UKO-XUMUYHHU
B3aUMOJEHCTBHUS MEXKIYy MOJIEKYJIHTE Ha
O0arpunoTo W (YHKIIMOHATHUTE TPYNU Ha
BJIaKHATa, €TANUTE Ha CyllIeHe U (PUKCUpaHe
MoOXe J1a He ca HeooxoauMmu. OT gpyra cTpaHa
YCTOMYMBOCTTAa Ha MOAU(UIUPAHETO HE
MOJKE /1a C€ CPaBHM C Ta3M MOCTUTHATA NPU
METOJUTE, B KOUTO MMa MOTarsHe B OaHs.
[Tprunnara e 6bp3uHaTa Ha NpoLEeca, KOeTo
HE MO03BOJISIBA MO-IBJIOOKO NMPOHMKBAHE Ha
pa3TBOpa B TEKCTUIJIHATA CTPYKTYpa.

e [lokpumue c nana

Hpyr meTon € upe3 NnpujlaraHe Ha IisiHa
oOpa3yBaHa OT BB3IYyX, MOBBPXHOCTHO
AKTUBHO BEU[ECTBO HJIM MOJHUMEpPHA
OUCTIEPCUST U MaJKO KOJMYECTBO BOjA.
[IpeaqumMcTBOTO HA TO3W METON € Obp3WHATA,
CTaOMIIHOCTTAa HA MPOAYKTa W TMO-MaJKO
HeoOXoauMara eHeprus 3a cyumieHe. To3u
METOJl ce€ TIpuiara npu MoauduIMpaHe Ha
naMydeH IUIaT C XUJAPOTed U MarHUTHHU
HAHOYACTUIIM, C H3MOJI3BaHEC HA aHMOHHO
MOBBPXHOCTHO AaKTHUBHO BEUIECTBO 3a
cTabuIuM3upaHe Ha HAHOYACTHUIUTE U
MPEIOTBPATBAHE HA aTJIOMEPUPAHETO UM.
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e Memoo upe3 neuamane
To3u MeTo[ ce u3mo3Ba npu Tpancdep Ha

MOJMMEPEH Pa3TBOP BBPXY TEKCTUIHHS
MarepHal 1o MmoJjo0eH HaYlH Ha Ie4aTaHeTo
¢ nmurmMeHTy. [1o To3M HauWH YacT OT TUToIITa
ocTaBa HeoOpaboTeHa U MOXKE J1a C€ TIOTydar
pa3IMyHU TOBTAPAIIN CE OTIECYaThIM. Taka
MOJYYCHUST IJIAT € IM0-MEK, UMa BUCOKa
abcopOMpyeMOCT M Tpe3 HEero MmpeMUHaBaT
no-j1ecHo GayuauTe mpe3 o0IacTUTe, KOUTO
He ca 00paboTeHH.

e Hanacsane Ha OupeKkmuo noKkpumue
IIpy HaHacsHETO Ha MOKPUTHE BUCKO3HA

TEYHOCT C€ pas3Npeieliss paBHOMEPHO BBPXY
NOBBPXHOCTTA HA IUIaTa ¢ OCTPUETO HA HOX,
cliell KOETO MOKPUTUETO CE M3CyllaBa WIH
TepModukcupa. /lebenrHara Ha MOKPUTHUETO
3aBHCH OT Pa3CTOSIHUETO MEXAY OCTPUETO Ha
HOYKa M TOBBPXHOCTTA Ha I1aTa.

e 30/1-2e71 Memoo
30J1-TeJI CHHTE3bT BKJIFOUBA ITOJTyYaBAHETO

Ha DPA3JIMYHU OPraHWYHU, HEOPraHWYHU U
XuOpuaHU nopectu Marepuanu. [IponechT
BUHAru ChAbpikKa y4acTUETO Ha MPEKYypPCOPU
Ha MOJYYE€HMUs MaTepuall, BoJxa H
katanuzarop. [Ipexypcopure 3a oOpa3yBane
Ha 30J1a Ca METAJIHU €JIEMEHTH, 3a00MKOJICHH
OT pa3jMyYHU PEAKTHBOCIOCOOHH JIUTaH[IH.
Cpen T9Xx Ha-uU3MOJ3BAaHU Cca
TETPAETOKCUCHIIAH, TETPAaMETOKCUCHIIAH.
Bopara e pa3tBopuTeN U CTpaHUYEH MPOLYKT
Ha peakuusTa. Karanuzaropute Mmoxe aa ca
KHCEJIMHU WIX OCHOBU. Upe3 meToaa morar
Ja ce moJydaT MHOTO(YHKUMOHAJIHU
TEKCTHJIHU Marepuaiu ¢ XuAapodoOHU WiIn
xunpoduiIHU cBOWCTBa, ¢ YB 3amutHH
CBOWCTBA, TPYAHA TOPUMOCT, aHTUMUKPOOHA
AKTUBHOCT, HEMAuyKaeMOCT M Ip., HO
3ama3Baliki M OCTaHAJIMTE CU CBOMCTBA,
OCHUTypsIBaIlId KOM(OPT Ha TOTPEOUTEIS.
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U3CNEABAHE HA NMPUNOXEHUETO HA DBD NMNJIASMA
3A OBbPABOTKA 3A 3ABABAHE HA TOPEHE
HA BATPEH MAMYYHU TbKAHUA

BY Tn Xonr KaHn, HryeH Kum Ty, HryeH Tu XaHnr, HryeH May TbHr

STUDY ON THE APPLICATION OF DBD PLASMA
IN FLAME RETARDANT TREATMENT
FOR DYED COTTON FABRICS

Vu Thi Hong Khanh'*, Nguyen Kim Thu’, Nguyen Thi Hang', Nguyen Mau Tung'
'Industrial University of Ho Chi Minh City, Faculty of Garment Technology - Fashion,
No. 12 Nguyen Van Bao, Ward 4, Go Vap District, Ho Chi Minh City
*Hanoi University of Science and Technology, Faculty of Textile-Leather and Fashion,
No. 1 Dai Co Viet, Hai Ba Trung, Hanoi
*khanh.vuthihong253bd@gmail.com

Abstract: This article presents the results of research on flame retardant treatment for dyed
cotton fabric using two procedures (with and without pretreatment with DBD plasma). One bath
pad-dry-cure method was used for the flame-retardant finishing. Pyrovatex CP new (PCN),
Knittex FFRC (K-FFRC) were used as flame retardant and crosslinking agents. The research
results show that, with the fire retardant solution including PCN 450/1 and K-FFRC 107 g/1, and
the curing temperature at 180°C for 150 seconds, dyed cotton fabric after fire retardant treatment
will be durable flame-retardant fabric (LOI of the flame-retardant fabric > 25% even after 5
washing cycles). However, if the dyed cotton fabric is pre-treated with DBD plasma with a power
of 1w/cm’ for 30 seconds, the curing time can be reduced to 120 seconds, the flame retardant
treated fabric will be still a durable flame-retardant fabric. At these conditions, the colour of the
dyed cotton fabric is not changed by plasma treatment. However, flame retardant treatment
changes the colour of dyed cotton fabrics ata medium (2.0 <DE_, , <3.5).

Keywords. Dyed cotton fabric, DBD plasma, Flame retardant, Pyrovatex CP new, Knittex
FFRC

12 CNUCAHMUE "TEKCTUN U OBNEKO"



BPOI 1/2023

Introduction

Cotton is one of the most used textile fibres.
However, it is a combustible material with a low
LOI of 18.4% [1]. Therefore, flame retardant
(FR) treatment for cotton fabrics, especially
durable flame retardant, is an important
requirement for many areas of use. However, no
optimal treatment process for cotton exists which
produce flame protected textiles that meet all the
requirements with respect to flame retardancy,
toxicity, environmental compatibility, the
application method, mechanical and chemical
durability without the loss of vital intrinsic textile
properties[2]. The most common classes of flame
retardants are brominated, phosphorus, nitrogen,
chlorinated, and inorganic [3]. Halogen-
containing FR systems have come under scrutiny
due to health and environmental concerns and
have recently been restricted in many
communities. Recent developments of FR
molecules have focused on organophosphorus
compounds [4]. Phosphorus-based FR has
become a popular alternative to halogen
compounds because of their environmentally
friendly by-products and their low toxicity. Also,
their low production of smoke in fire furthers their
appeal. It is a highly effective flame retardant for
cellulose and cellulose derivatives. These
compounds promote dehydration and char
formation [5]. One of the most commercially
successful agents is N-methylol
dimethylphosphonpropionamide, known under
the trade name of Pyrovatex CP New (PCN).
Many studies have shown that Pyrovatex CP New
(PCN) combining crosslinking agents such as
trimethylolmelamine (TMM) or 1,3-dimethylol-
4,5-dihydroxyethylene urea (DMDHEU) is a
very good choice to create durable flame-
retardant cotton fabrics. However, they release
formaldehyde, and their mechanical strength is
reduced compared with pre-treatments because
the crosslinking reaction occurs at high
temperature and requires the use of phosphoric
acid as a catalyst [3-5]. In our recent studies, a
new formaldehyde-free crosslinking agent
(Knittex FFRC (K-FFRC)) was used as a
replacement for the old one as a solution to reduce
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the release of free formaldehyde from fabrics [6,
7]. However, our research has shown that when
treating cotton fabric with PCN and K-FFRC, for
the treated fabric to be fire resistant (limiting
oxygen index (LOI) > 25), the curing temperature
must be greater than 170°C and the time curing
must also be longer than 120 seconds. It is this
condition that reduces the mechanical strength of
cotton fabric [8]. To solve this problem, adding a
plasma activation process to the fabric is a
solution used by many studies [2, 9, 10]. In our
previous study, the cotton fabric was preactivated
with Dielectric-barrier discharge (DBD) plasma
at a power of 1w/cm’ for 90 seconds. Plasma
treated fabric then treated with PCN and K-
FFRC. The results show that the fabric has been
pre-treated with plasma, during the flame-
retardant treatment it only needs to be cured at
160°C for 90 seconds to have a LOI >25[11]. To
achieve this value, the normal cotton fabric must
be cured at 180°C for 120s during flame retardant
treatment [8]. This study also shows that too
strong plasma treatment conditions (high plasma
power, prolonged exposure time) also adversely
affect the mechanical performance of cotton
fabrics[11]. However, our previous studies are all
performed on white cotton fabrics after pre-
treatment (undyed fabric), while functional
finishing is usually carried out on dyed fabrics,
the dyeing process is one of the most important
but as well most complex processes of the whole
textile finishing. Prinz, K [2] has studied the
possibility of combining the Plasma Induced
Graft Polymerisation (PIGP) and dyeing
methods, various investigative processes have
been conducted. The results show that FR treated
cotton was dyed with common cellulose dyestuff
and possible changes in colour determined by
spectrophotometric measurements. Although the
exhaustion rate of dyeing on FR treated cotton
textiles is reduced compared to untreated cotton,
reactive and direct dyeing resulted in excellent
colour shade and hue. Finally, pre-dyeing of
cotton textiles was performed followed by the FR
treatment. It was found that the Degree Of
Grafting (DOG) depends on the dyeing hue. This
indicates that the hydroxyl groups of the cellulose
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influence the affinity of the flame-retardant monomers towards the cotton fibres. Hence, FR treatment via
PIGP was investigated on post- or pre-dyed fabrics and showed promising results in terms of flame
retardancy, DOG and chromaticity. Ha-Thanh Ngo et al [12] also used DBD plasma to activate dyed
polyester fabric before flame-retardant treatment of the fabric. The results showed that samples
pretreated with plasma, after flame retardant treatment had LOI values equivalent to those of the sample
was not plasma treated, but their fire resistance after 5 washing cycles was much higher than that of the
sample which had not been pretreated with plasma[12]. This study also showed that plasma treatment
also changed the colour of the dyed fabric more or less depending on the plasma treatment conditions. In
the study [12], the plasma power was 1w/cm’, when the plasma treatment time was shorter than 60
seconds the colour difference between plasma treated sample and the reference sample is small, obvious
only to the trained eye. However, when the plasma treatment time reached 90 seconds, the colour
difference between sample plasma treated sample and control sample is medium, also obvious to trained
eye. Therefore, in this study, DBD plasma was applied on undyed and dyed cotton fabrics before they
were flame-retardant treated with PCN and K-FFRC. The objective of this study was to clarify the effect
of DBD plasma treatment on flame retardant treatment for the undyed and dyed cotton fabric.

Experimental

Materials:

- Fabric:

Fabric: Dyed woven cotton fabric with weight of 242 g/m’ was supplied by NASILKMEX, Vietnam.
The colour parameters of the dyed fabric are presented in Table 1.

Table 1. The colour parameters of the dyed fabric

Colour of Colour Colour parameters of the dyed fabric
fabric measurement L a b c h
conditions
Green D65/10 34.76 -37.53 -1.23 37.55 242

- Chemicals: Pyrovatex CP New (PCN), Knittex FFRC (K-FFRC), Invadine PBN were supplied by
Huntsman. Pyrovatex CP New (PCN) is a N-methylol dimethylphosphonpropionamide, in this study, it
was used as flame retardant agent. Knittex FFRC is a modified dihydroxy ethylene urea, it was used as
crosslinking and Invadine PBN as tenside agents.

Procedure:

The dyed cotton fabric was flame-retardant treated according to 2 procedures (with and without pre-

activation with DBD plasma)
- Procedure I: The flame-retardant treatment process for dyed cotton fabric without plasma pre-

activation is shown in Figure 1
- Procedure 2: The flame-retardant treatment process for dyed cotton fabric with plasma pre-

activation is described in Figure 2

) Padding with the N .
Fabric > » Dryin
finishing l
Washing fabric according | Final < Rinsin | FRT* <— Curin
to

Figure 1. Procedure 1 - Flame-retardant treatment process for cotton fabric without DBD
plasma pre-activation
FRT* - Flame retardant treated
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Fabric > plasma >

treatment

DBD Plasma

treated fabric

Padding with the

| Dryin

\ 4
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finishing solution 1

Washing fabric according to |

ISO 6330 for 5 cvcles

Final

FRT* fabric < Curin

Rinsing [%

Figure 2. Procedure 2 - Flame-retardant treatment process for cotton fabric with DBD
plasma pre-activation

e DBD plasma treatment for fabric
Laboratory roll-to-roll DBD plasma

equipment with a width of 50 cm developed by
School of Engineering Physics (SEP) of Hanoi
University of Science and Technology (HUST) as
part of the KC.02.13/16-20 project was used in
this study. The DBD plasma environment was
produced between two parallel electrodes, the
length and width of the electrodes are 8 cm and 50
cm, respectively. The cotton fabric with a width
of 35 cm can move continuously between the top
and bottom electrodes. The tension rollers are
placed before and after the electrodes to keep the
fabric in uniform tension. The movement speed
of the fabric can be controlled by a motor to
control the fabric plasma exposure time. In this
study, the distance between the electrodes
(discharge gap) was 3 mm, the plasma treatment
power was 400 W (1 W/cm’), an air atmosphere
was employed. The plasma exposure time was 30
seconds.

e Flame-Retardant Treatment for untreated
and DBD Plasma Treated Cotton Fabric

One bath pad-dry-cure method was used for
the flame-retardant finishing.

To compare the flame retardant treatment
conditions of dyed cotton fabric with undyed
cotton fabric, in this study, the flame retardant
solution composition and technological
parameters of the padding and drying steps were
kept the same as in our previous research (flame

retardant treatment for undyed cotton[8])
Flame retardant solution included 450g/1

Pyrovatex CP New, 107 g/l Knittex FFRC

(DHEU) and 5g/1 Invadine PBN.
First, the plasma treated fabric was

impregnated in finishing solution, then padded
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with the pick-up of approximately 80% by padder
SDL D394A. The padded samples were dried at
120°C for 3 minutes. After that these samples
were cured. The Stenter SDL D398 was used for
drying and curing steps. The temperature and
curing time have been changed so that the fabrics
after flame-retardant treatment are a durable
flame-retardant fabric (after 5 washing cycles, the
LOI of the fabric must be > 25 % (According to
the Flame Retardant Fabric Handbook [1], the
LOI of a fabric must be > 25 % for the fabric to be
classified as a flame retardant fabric)).

® Rinsing

After curing, the FRT samples were rinsed
under the running water for 5 minutes to remove
all the residual FRs on the fabric surface (unable
to react with celluloses) and neutralize the treated
fabric. Then, the fabric was dried in the stenter at
110°C for 3 minutes. After that, the treated
samples were stored in the polyethylene bags at
the standard laboratory conditions for 24 hours
before any further analysis.

o Washing for FRT fabric samples

To determine the flame-retardant durability of
the FRT fabric, the FRT samples were washed in
accordance with ISO-6330 standard clause 6A
but without added detergent. The Electrolux EW
1290W front load washing machine was used.
Washed samples were stored after 5 washing
cycles to test the flammability of samples.

Characterization of the Control and Treated
Cotton Fabric

o Measurement of flammability for the samples

- Measurement of flammability of fabric by
ASTM D 6413 -2015, the flamability of fabrics is
presented by 3 parameters: (1) Char-length (mm)
- The shorter the char length, the higher the
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fabric's fire resistance; (2) Afterflame time (s) - The shorter the after flame-time, the higher the fabric's
fire-resistance; (3) Afterglow time (s) - The shorter the after glow-time, the higher the fabric's fire-
resistance.  According to ISO 11612 (The international standard EN ISO 11612 specifies the
performance requirements for protective clothing made from flexible materials, which are designed to
protect the wearer's body against heat and/or flame)[13], the afterflame time and afterglow time must be <
2s.

- The LOI of fabric samples were measured by ASTM D 2863 -97 standard befor and after flame-
retardant treatment and after washing. The LOI of the fabric is as high as possible and must be > 25 % for
the fabric to be classified as a flame retardant fabric[1].

e Color Measurement

The colors of the control, plasma-treated samples and FRT samples were measured by Ci4200
Spectro-Photometer, produced by X-Rite Pantone-Michigan-USA (STLF, Hanoi, Vietnam) with D65
illuminant and 10° standard observer. The measurement was repeated 3 times for each sample at 3
different positions. If the color difference between them is less than 0.35, the mean of the 3 measurements
will be accepted as the color of the sample. The effect of any treatment on the fabric colour is expressed as
the colour difference (DE) between the control and the treated sample. It can be expressed as DE, , or
DE,,,. values [14]. Measurment of color of fabric befor, after DBD plasma treatment, flame retardant
treatment, and after washing cycles.

All the above experiments have been implemented at HUST laboratories.

Results and discussion

Research results on fire retardant treatment for dyed cotton fabric according to procedure 1
(without plasma pre-activation)

In our previous research (flame retardant treatment for undyed cotton [8]), the optimal curing
condition for the undyed cotton fabric after flame retardant treatment to be a durable flame retardant
fabric was at a temperature of 180°C for 114 seconds. Under this condition, undyed cotton fabrics that
have been treated with flame retardants have a LOI > 25% and its flammability parameters consistent
with the flame retardant fabric group. Moreover, the flammability parameters of the FRT samples did not
change after 5, 10, 20 or even 30 washing cycles. In this study, for dyed cotton fabric, the first curing
condition was selected as the optimal condition of undyed fabric (dyed sample FRT1 (Table 2)). In the
second condition, the curing temperature was kept at 180°C but the curing time was extended to 150
seconds (dyed sample FRT2 (Table 2)).

- Evaluation of the flame retardancy of the dyed cotton fabric treated according to proceddure 1

The results of the flammability testing of the dyed cotton fabric after flame retardant treatment

according to procedure 1 are presented in Table 2.

Table 2. Flammability parameters of dyed FRT fabric samples

Fabric Curing conditions Flammability parameters of fabric samples
samples
Temperature | Time (s) | Afterflame | Afterglow Char- LOI (%)

(°C) time (s) time (s) length

(mm)
Control* - - 24.41 90.48 - 18.1
Dyed FRT1 180 114 0 0 91 28.3
Dyed FRT2 180 150 0 0 50 28.9
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Control* - Dyed fabric before any treatment
Table 2 results show that the control fabric sample (dyed fabric without flame retardant treatment) is

very flammable, and the fabric has a low LOI (18%). After removing the flame, the fabric continued to
burn for up to 24 seconds and then glowed for up to 90 seconds. After completely burning, no char was
formed (Figure 3). Meanwhile, the two dyed fabric samples, that have been treated with fire retardants,
both have very good fire resistance (their afterflame time and afterglow time are both zero seconds).
However, there are still differences between them in accordance with the curing time. The LOI of the
sample cured in 150 seconds is 28.9%, while that of the sample cured in 114 seconds is only 28.3%.
Likewise, their char-length values are 50 and 91 mm, respectively.

- Evaluation of the durability of the fire retardant properties of dyed cotton fabric treated

according to procedure 1
To evaluate the durability of the fabric's flame retardancy, the dyed cotton fabric, after being treated

with flame retardants according to procedure 1, was washed for 5 cycles as described in part 2. These
samples have been named FRT-W5, and have been evaluated for its flammability according to ASTM D
6413 -2015and ASTM D 2863 -97 standards. The results of this test are presented in Table 3.

The photographs of the samples after vertical flammability test according to ASTMD 6413, are

presented in Figure 3.

Table 3. Flammability parameters of dyed FRT fabric samples after 5 washing cycles

Fabric Curing conditions Number of Flamability parameters of fabric samples
samples | Temperature | Time (s) washes Afterflame | Afterglow | Charlength | LOI
(°C) time (s) time (s) (mm) (%)
Dyed 180 114 5 21.52 0 101 23
FRT1-W5
Dyed 180 150 5 0 0 98 25.8
FRT2-W5

Control Dyed FRT1 Dyed FRT1-W5 Dyed FRT2 Dyed FRT2-W5

Figure 3. Photographs of the samples after vertical flammability test according to ASTMD 6413

Table 3 and Figure 3 show that, after 5 washing cycles, the dyed FRT1-WS5 sample (cured in 114
seconds as for the undyed cotton fabric) has reduced flame retardancy compared to before washing (dyed
FRT1). After removing the flame, the sample continued to burn for another 22 seconds until the end of the
sample. However, after burning, the char was formed, the LOI was only 23%. Meanwhile, the dyed
sample FRT2-WS5 (curing in 150 seconds) has an LOI of 25.8% greater than 25, meeting the standard for
being a flame retardant fabric[ 1]. Thus, in order for the dyed cotton fabric after flame-retardant treatment
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to be a durable flame retardant fabric, the flame retardant treatment process can remain the same as for

undyed fabric except that the curing time must last longer than 35 seconds.
The difference in flame retardant treatment conditions of dyed cotton fabrics compared with undyed

cotton fabrics may be due to the fact that both dye molecules and flame-retardant molecules bind to
cellulose through their active hydroxyl groups. Maybe, in dyed cotton fabric, some of the active hydroxyl
groups of cellulose have been occupied by dye molecules, so dyed cotton fabric needs more time than
undyed cotton fabric to have enough bond between cellulose and Flame-retardant molecules make it a
durable flame retardant fabric.

- Effect of flame-retardant treatment on fabric colour

The colours of the fabric samples were measured as described in section 2 and their colour parameters
are presented in Table 4

Table 4. Colour parameters of the sample after flame-retardant treatment and after 5 washing cycles

_ Measurement Color parameters
Fabric Samples .
condition L a* b c h
Control 34.76 | -37.53 | -1.23 | 37.55 | 242
D65/10°
Dyed FRT1 36.48 | -39.80 | -2.02 | 39.85
Dyed FRT1-W5 39.29 | -40.73 | -1.50 | 40.76
Dyed FRT2 36.83 | -39.47 | -1.71 | 39.51
Dyed FRT2-W5 38.33 | -39.16 | -1.16 | 39.18

From the results of Table 4, the colour difference DE_, ,, between samples is calculated according
to Equation 3 [14], the results are shown in Table 5.

2
DEcipLap = \/DLZ +Da +Db* (3)

Table 5. Colour difference DE,,,,, between samples

Sample Colour difference DEcieLan between samples
Control Dyed FRT1 Dyed FRT2
Dyed FRT1 2.90 0.00 -
Dyed FRT1-W5 - 3.00 -
Dyed FRT2 2.87 - 0.00
Dyed FRT2-W5 - - 1.56

Table 5 shows that the colour differences between the dyed FRT1 sample and the dyed FRT2 sample
with the control sample are 2.90 and 2.87, respectively. According to assessment of Mokrzycki [14] and

of Ngo, H.-T[12], these differences are medium (2.0 <DE <3.5), and obvious only to trained eye
Research results on fire retardant treatment for dyed cotton fabric according to procedure 2 (with

DBD plasma pre-activation)
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The dyed fabric was treated with flame retardant according to procedure 2 with a plasma treatment

time of 30 seconds.
- First, the dyed cotton fabric was treated with DBD plasma as described in section 2 for 30

seconds. Then, the plasma treated samples were treated with flame retardants. Curing conditions were
kept the same as Table 2. However, for experimental convenience, the curing time of condition 1 was
rounded from 114 seconds to 120 seconds and is called condition 3. The results of testing the flammability
of the sample after fire retardant treatment (P30-dyed FRT3, P30-dyed FRT2) and after 5 washing cycles
(P30-dyed FRT3-WS5, P30-dyed FRT2-W5) are presented in Table 6.

The photographs of the washed samples after vertical flammability test according to ASTMD 6413,

are presented in Figure 4

Table 6. Flammability parameters of dyed fabric treated with flame retardants according to procedure 2 after
treatment and after 5 washing cycles

Fabric Plasma | Curing conditions | Number Flamability parameters of fabric samples
samples exposur | Temp. Time of Afterflame | Afterglow | Char length | LOI
time (s) (°C) (s) washs time (s) time (s) (mm) (%)
P30-dyed 0 0 0 - 29.1
FRT3
P30-dyed 180 120 5 0 0 108 25.6
FRT3-W5 30
P30-dyed 0 0 0 - 28.8
FRT2
P30-dyed 180 150 5 0 0 110 26.2
FRT2-W5

P30-dyed FRT3-W5 P30-dyed FRT2-W5

Figure 4. Photographs of the washed samples after vertical flammability test according to ASTMD 6413

The results of Table 6 show that, with the support of plasma pretreatment for 30 seconds, the two
experimental options allow the dyed cotton fabric after flame retardant treatment to be a durable flame
retardant fabric[1]. It also meets ISO standards for making protective clothing[13]. Comparing the data
in Table 6 with Tables 2 and 3 shows that when the fabric was pre-treated with plasma (even though the
curing conditions did not change), the fire resistance of the fabric was still improved. In particular, the
durability in flame retardancy of the fabric has been increased significantly. It is assumed that pre-
treatment with plasma made the fabric more activated, so that the reaction between the flame retardant
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and the fabric occurred more easily, which in turn
helped increase the durability of the fabric's

flame-retardant properties.
Colour measurement results show that the

colour difference (DE_, ) between the plasma-
treated sample and the dyed sample is only 0.26,
showing that plasma treatment for 30 seconds

does not affect the colour of the dyed fabric.

The colour difference (DE_;,,) between the
flame retardant treated sample and the dyed
sample was 2.21, showing that the flame-
retardant treatment changed the colour of the
dyed fabric. Thus, it is the same as in the case of
samples processed according to procedure 1
(Table 5), this difference is medium (2.0 < DE <
3.5),and obvious only to trained.

Conclusion

From the above results, some conclusions can

be drawn as follows:

Pyrovatex CP New (MDPA) and Knittex
FFRC (DHEU) are an effective combination for
durable flame-retardant treatment of cotton
fabrics including dyed cotton fabric.

The durable flame-retardant treatment process
for dyed cotton fabric compared to that for
undyed may have the same curing temperature
but the curing time needs to be extended.

Plasma pretreatment with the power of
1W/cm® for 30 seconds of dyed cotton fabric
before the flame retardant treatment can help
increase the flame retardancy of FRT cotton
fabric. In particular, the durability in flame
retardancy of the FRT fabric has been increased
significantly.

Plasma pretreatment at 1 W/cm® for 30
seconds of dyed cotton fabric did not change the
colour of the fabric. But flame-retardant
treatment may change the colour of dyed cotton
fabrics with the medium level (2.0 < DE < 3.5).
This colour diference is only observable to a
trained human eye.
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PREAMBLE (ABSTRACT): The Armed Forces policy for modernization of all NATO-
members countries has founded its practical realization throughout clearly fixed and
comprehensive national and international projects. We could say the quality of the procured
defense products and systems determines in considerable grube the operational capabilities of
military forces. The acquisition projects in their nature are comprehensively founded in national
and international projects of the NATO policy to modernize and procure its military units. The
quality of the defense products should guarantee operational capabilities of the military units and
the individual assurance of soldiers in particularly.
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VYyactuero Ha bwarapusi mpe3 MOCIETHHUTE
TOAVWHU C BOCHHHM KOHTHUHTEHTH B OMEpaIlui,
NpOBEXJaHU B YCIOBHS Ha BHCOKa U
MHOT000pa3Ha OMacHOCT 3a KMBOTA U 3/PaBETO
Ha BOCHHOCIYXEIIUTE M Pa3INuHUd IPUPOTHO
KJIMMAaTU4YHU YCJIOBHUS HAJOXHU Ja ce
npepasrieiaT U3UCKBaHUATA KbM OOJEKIOTO U
CHapsKEHUETO Ha OBJIrapcKusi BOCHHOCITYKEIII.
Hocera noneBute obiekysa Ha bbiarapckara
apMus ca pa3paboTBaHU UHIMICHTHO, IIPU KOETO
€ JIOIMyCKaHa ToJisiMa 7032 CyOeKTUBU3BM, MPHU
M3TpaKIAHETO Ha CTPYKTypaTa W Ju3aiiHa Ha
obneknara. He ca oTuyuTtanum B mbJIEH 00eM
B3aMMHUTE BB3CHCTBHUS Ha OKOJIHATa cpela u
Heaus KOMIJIEKC MHAMBUAYyanHa OoliHa
exunupoBka. HeoOxoqumocTra oT KauecTBEHU
JIpeXy U EKUIHPOBKAa C HOB UMUK U 3allUTa
Hajara u3pabOTBaHETO Ha THKAaHU 3a €IMHHA
Ooiina kamydraxHa yaudopma.

[ToBurieHnTe U3UCKBAaHUSI KbM 000PY/IBAHETO
Ha BOMHUKA Ha OBJICHIETO Ca MPEINOCTaBKa BbB
BCUYKHU cTpaHu, wieHkr Ha HATO ycuneno na ce
pa3paboTBatr KOHIIEMIINH, J]a C€ EKCIIEPUMEHTHPA
B 00J1acTTa HAa 000PYIBAHETO Ha BOWHUKA.

[TonuTukara 3a MoAepHU3ALMS U CHAOIIBaHE
Ha OoTOpaHUTENHHUTE (QOPMUPOBAHUS HaA
ctpanute, uieHkn Ha HATO nHamupa cBosiTa
NMpakTUUYeCcKa pealin3alnus 4ype3 TOUHO
nepUHUpaHU U BCECTPAHHO O0OOCHOBAHHU
HWHBCCTUIIMOHHU HATMOHAJIIHU U MCKAYHAPOIHU
MNPOCKTHU, HAPCUYCHU IPOCKTU 11O AKBU3IUI U
/mpunobusane/. [Ipu ToBa 0T 0COOEHO 3HAYCHUE
e (hakra, 4e KaueCcTBOTO Ha MOCTHIBAIIUTE 32
HY)KJIUTe Ha OTOpaHara MPOAYKTU OMpeaeis B
3HAYUTENHAa CTENEeH OYaKBAaHOTO
yAOBJIETBOPSIBAHE Ha CHOTBETHUTE CIIOCOOHOCTHU
Ha 0TOpaHuTENHUTE GOPMUPOBAHUS, KATO LSO U

Ha OT/JICJIHUS MHMBH/]] B YACTHOCT.
B bbarapus te3m BBIOPOCH C€ peliaBar

nocpeactBoM MHcTuTyTa mo oTOpaHa KbM

MuHHCTEpCTBO Ha OTOpaHara.

YacT OT OCHOBHUTE 3aJaud pEIIaBaHU OT
MHCTHUTYTA ca:

- yd4acTHe B NOATOTOBKAara, HAYy4YHOTO
CBHIPOBOXAAHE M LSAJOCTHOTO H3IBJIIHEHUE Ha
IPOrpaMu U MPOEKTH;

- U3IIBJIHEHHME Ha JIEHHOCTH 10 OCUTYPSIBaHE

22

Ha KaUC€CTBOTO MPH U3IIBJIHCHUC HA JOTOBOPHU 34

pua0OMBaHe HAa OTOPaHUTEITHH TPOLYKTH;
- U3BBPIIBAHE Ha JaOOpaTOPHU M3MHUTBAHUS,

KOHTPOJI Ha Ka4eCTBOTO W CepTU(UIIMPAHE HA
BOEHHA M CIleLMaJIHA MPOAYKIIMS, UMYIIECTBA U
IpYTU MPOAYKTHU, KAKTO M Ha CUCTEMH 3a
yIpaBJIEHHE HA KAYECTBOTO B ChOTBETCTBUE ChC
CTaHAapTHUTE U ChIo3HUTE MyoOnukauu Ha HATO
u EBpornieiickus cbo3.

N3MeHeHUEeTO HAa XapakKkTepa Ha
M3IBJIHABAHUTE 33/J1a4d U YCIOBUSTA 32 TIXHOTO
peanu3upaHe HaJoOXHUXa NPOMsSIHA U B
M3HUCKBaHUATA KbM OOJIEKIOTO U CHAPSKEHHUETO.
Hapacnanurte u3nckBaHHs KbM KaueCTBOTO Ha
TEKCTUJIHUTE MaTepUU, U3IOJI3BAHU 32 HYKAUTE
Ha bbarapckara apmus, ompenensT M Hamarar
3abJIOOUYCHN aHAJIU3W Ha TEXHHUTE CBOMCTBA,
KOETO OT CBOSl CTpaHa € MpEeArocTaBKa Ja ce
pa3BUBAT KOHIIEIIIIUU U J1a C€ EKCIIEPUMEHTHUPA B
000pyIBAaHETO HA BOEHHOCHYyXemure. Tosa
HaJlara yCBOSIBAHE Ha BHUCOKH TEXHOJIOTUHU H
ThPCEHE HA YHUKAJIHU BB3MOXKXHOCTHU 3a
MpujaraHe Ha aBaHTapAHU TEXHOJIOTUU MpU
pa3paboTBaHETO Ha MPOEKTHU, CBBP3AHU C
yHudopmenure obOnekia, oOyBHU H3AEIUS H
3alIUTHUTE KUJIETKU 3a OATUCTHYHA 3alIUTa 32
KaJIpOBUTE BOEHHOCIYXenu oT bbirapckara
apmMusi ¥ MuHUCTEpPCTBOTO Ha oTOpaHaTa.
HctuHCKO Tpenn3BUKATEICTBO TMPEA BOCHHATA
HayKaTa € paspelniaBaHe Ha MPOTHUBOPEYUE OT
TUTIA HA HaMaJsiBaHE TEIJIOTO Ha 00OpYIBAHETO
Ha BOMHMKA, KaTO CHIIEBPEMEHHO CE€ MOBHIIH
CTeNeHTa Ha Heroparta 3aiuTa. Kato crpana ieH
Ha HATO, bbarapus uma 3aabIKEHHUETO Ja
cma3Ba BCUYKU paTuPUUUPpAHU
CTaHIAapTU3AaLUOHHU CHOpa3yMeEeHHUs,
BKJIFOYMTEITHO U TE3U OTHACSAIIH C€ JI0 MOJIEBUTE
o0Iekia, KaTo ce 3ama3aT B MaKCHMajHa CTETeH
TUMIMYHUTE €JIEMEHTH Ha ObJrapckara BOCHHa
yHUpOpMa:

- STANAG 2333 — TexHuuecka U 3aIlluTHA
XapaKkTepHucTHUKa Ha 00ITHOTO 00IEKIIO;

- STANAG 2138 — IlpuHuunu u npouenypu
3a BOWMCKOBHU W3MHUTBaHUs HA OOiHM oOnekia u

WHVBUAYyaTHA EKUITUPOBKA;
- STANAG 4364 — BonoycroitunBo 067€eKI10;
- STANAG 2335 — B3zaumo3aMeHsIeEMOCT Ha
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OoitHuTe 00JICKIa;

- STANAG 4366 — Etuketupane Ha O0lHUTE
00eKna;

- Cpw3ua nyonukanus ACPP-1 —
TomnoornaBaHe M (pU3MOIOTMYHA OLIEHKA Ha
MoJIEBUTE 00JIEKIIA.

JIByCIOMHUTE CUCTEMH TEKCTHJI WM Taka
HapeuyeHUTe. MeMOpaHU ca OCHOBEH €JIEMEHT B
0011eKJI0TO U 00YBKHTE 3a MOCTUTaHE Ha J00pa
HapoNpoONyCKINBOCT U BOJOYCTOWYHUBOCT.
BogonenpoMokaemMurte, MmeMOpaHupaHu,
JUIIAIN ThKaHU TPEICTABISIBAT MHOTOCIONHH
TEKCTUIHOMOJIHUMEPHHU CUCTEMHU, KOUTO
OCHUTYpSBAT BUCOKa XuUJApodoOHOCT Ha
U3pabOTEHHUTE OT TAX U3/IENINS KaTo 3a€JHO C TOBA
3ama3Bar ,JAUIIaHeTo” U KoMdopTa Ha
noTpeOuTeNsl, KaTo MPOITycKaT Bjarara u 1morra
My HaBBH (¢ur.1). MemOpanara e U3KIIOUUTETHO
ThHKA M JIeKa, HO MMa TojsiMa XUMHYHA U
MeXaHUYHa U3IPBXKIUBOCT, 3aTOBA M3bpXKa Ha
CPaBHUTEJHO rOJIeMH HaToBapBaHusA. T4
npurtexana okosno 1,4 Mmunuapnaa
MHUKPOCKOTIMYHU TIOPH HAa BCEKU KBAJPATCH
cantuMeThp. Te3u nmopu ca okosio 20 000 mbTH
MO-MaJIKH OT BOJIHATa Kalka, HO ChIIEBPEMEHHO
700 mbTH MO-rOJIEMHU OT MOJIEKYJlaTa Ha BOAHATa
napa. MIMeHHO 3aTroBa BoJaTa HE MOXeE Ja
IIpEMUHE Tpe3 U3JeIUEeTO, HO rapara /morra/ ce
OTCTpaHsBa O€3MPENATCTBEHO.

MewmOpanaTa He TT03BOJISIBA TPOHUKBAHETO HA
BOJa JIOPU U TNPH EKCTPEMHHU CUTYAIUH H
HOAIbpX&Ka TSIOTO M Kpakara NPOIAbILKUTEIIHO
CYXH JOPH M NPHU HENPEKbCBAIL IbXKJI.
PermraBariio 3a kauecTBOTO Ha FOTOBUS MPOIYKT €
BCUYKHM ILIEBOBE J1a ca MOAJIENEHH, 3a Ja He
IPOHMKBA BOJIA ITPE3 TAX.

BBHLUEH TeKcTHn MemBGpana

Hy

nognnateH
TEKCTUNEH cnoii

nponyckn1e
("Anwaw”)

Henpomokaem "
BOAHW Napw

®ur. 1
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Karo msno ot ¢usmonorunyHa mieqHa TOYKa
Ka4yecTBOTO Ha MeMOpaHuUpaHaTa ThKaH, €
TOJKOBAa MO-BHCOKO, KOJIKOTO € IMO- HHCKO
CBIIPOTUBIICHHETO Ha TaporpeMuHaBaHe -Ret,
CIIeIOBATEIHO € MO-J00p0 H3MapeHueTo Ha
MOTTa OT YOBEIIKOTO TsUIO (Taka HapeueHara
,,JUIIAeMOCT’’ Ha JJaMUHUpaHaTa ThKaH) U € TI0-
roJIsIM KOM(OpTa IIPU HETOBOTO HOCEHE.

3a oreHsIBaHETO HA MEeMOpaHUPAHHU ThKaHU 3a
3a0IUTHO OOJEKJIO ca MPHUIOKHUMHU
pa3paborenute ot Hohenstein Institute —
I'epmanus kputepun:

6<Ret<13m’Pa/W - no0pa
13 <Ret<20m’Pa/W -3am0BONIHTEIHA
Ret>20m’Pa/W - He3a10BOMUTETHA

B tabmmma 1 ca gageHu 0600111eHE CTOMHOCTH
3a CHIIPOTUBIICHHE Ha MaponpeMuHaBaHe Ret 3a
HSKOU JIJAMUHHUPAHU THhKaHU, NMPU KOHUTO €
M3T0JI3BaHa pa3InyeH BU MEMOpaHa, TIOTyICHH
IpH J1aOOPaTOPHU TECTOBE

Tabmnna 1.

Bua membpaHa CbnpoTuBREHWE Ha

naponpemvHasaHe Ret

PU (nonuypeTtaHoBa) meMb6paHa 5,0 < Ret < 14,0 m? Pa/W

PTFE 4,0 <Ret< 15,0 m? Pa/W
(nonuteTtpacdnyopeTuneHosa)
membpaHa

3a HJIKOWM JJaMUHATH CTOMHOCTUTE 3a Ret
MOrar Ja HaJBHUIIABaT MOCOYEHHUTE, ThU Karo
BIIMSHUE OKa3BaT CTENEHTa Ha 3al’bjJBaHE Ha
ThKaHTa (TEKCTUJA) U HAaYMHA HA HAHACSHE Ha
CBbP3BalllOTO BEILIECTBO.

B Tax ca 3amokeHM OCHOBHU MPUHIMIHA U
M3HCKBaHMsI, KOUTO CJIE[Ba Jla C€ CIa3BaT KaKTo
npy pa3paboTBaHETO HA CTPYKTypaTa U Ju3aiiHa
Ha oOyekiara, Taka M TMPU OCHTYPSIBAHETO Ha
OMpeAeieHN XHUTHMeHHU U EPrOHOMHYHU
CBOICTBA.

VYrpaBieHHUETo Ha Kau€CTBOTO B MHOBATUBHU
MIPOCKTH I10 IIPUI00MBaHe HA 00ITHA CKUTTUPOBKA
3a Hy’KJIMTe Ha 0TOpaHaTa MOe Ja Ce pa3nIexaa
KaTo IpOLEC.

[IportecHust Mozen mpencraBs u OOsSCHsIBA
crienn(pUYHUTE HU3UCKBAHUS Ha CHUCTEMara 3a
yIIpaBJIeHUE HAa Ka4eCTBOTO B MHOBATUBHUTE
IIPOEKTH 3a HYXIUTe Ha orOpaHata. OCHOBEH
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JOKYMEHT IO HpoOJeMHUTe Ha KauyeCTBOTO €
cragaaprsT [SO 10006:2003 ,,YnpaBneHue Ha
KauyecTBOTO. YKa3aHuUs 3a Ka4eCTBO IpPHU

yIIpaBJICHHE HA IPOCKTUTE .
B otroBop Ha BaxHOCTTa Ha mpoOiema

,,KaueCcTBO” B MEXTyHApOJHATA OpraHU3aIus 10
ctraungaptuzanus [SO, eBpomeiickurte u
HAallUOHAaJIHUTE OpPraHU3alHUU 3a
CTaHOZapTHU3aUUI, CTPYKTYypUTE 3a
crangaptuzanus Ha HATO u HaumoHaJHUTE
OpraHH 3a BOGHHA CTaHIapTU3alMsI ca Ch3AaleHU
penuIa T0KyMeHTH, Kacaely TO3H MpooIeM.

TpsibBa ma ce orGenexu, 4ye €qUH OTAENEH
MPOEKT MOXKe Jia ObJe YacT OT CTPyKTypara Ha
MO-TOJISIM MIPOEKT, B HIKOU MPOEKTH IEIUTE Ce
YCBHBBPIIEHCTBAT U XApPAKTEPUCTUKHUTE Ha
MPOJYKTa C€ OINPEACIIAT B IIpolieca Ha Pa3BUTHE
Ha MMPOEKTAa, pe3yJiTara OT MPOEKTa MOXKE J1a Ob1e
€/IHA UJTM HSKOJIKO €TMHULIN OT ITPOTYKTA.

B 3aBucumoct oT cnenudukara Ha
pelIaBaHuTe 33/1a4d B OCHOBAaTa Ha MOJUTHKATA
no kayectBo Ha HATO e mocTaBeHO
pazbupaneTo, 4e ynpaBJICHHETO Ha KA9Y€CTBOTO €
HETPEKbCHAT, UHTETPUPAH TMPOIEC, KOUTO €
OCHOBAH Ha KOHIIETIIIUUTE, CBbP3aHHU C:

« pazuTe Ha KUIHEHUS LIUKDBII;

« IPOIIECUTE U YYACTHHUIIUTE B HETO;

« CHUCTEMATa 3a yIpaBJIeHHE, OCUTYpsIBaHE U
noo0psiBaHe Ha Ka4eCTBOTO;

o MPOIECHUTE, CBBP3aHHU C MPOEKTHpaHE,
pa3paboTBaHe, BHEIPSIBAHE B TIPOU3BOJICTBOTO U
MIPOM3BOACTBO HA CAMUTE IIPOTYKTH;

« TIPOLIECUTE MO YIPABJICHHE HA MPOEKTUTE
TIPH TSXHATA peanu3alusl.

[IpomechT Ha ympaBieHHe Ha Ka4eCTBOTO €
npouec, KOMTo Moxe aa Ob/ie MPUIOKEH KbM
BCUYKHU TPOLIECH 10 BpeMe Ha IIeNIUs JKU3HCH
LUKBJI, KaTO ObJIe HACOYCH KbM YIIpaBICHUE HA
U3MBJIHEHUETO HAa MPOIMECUTE U TAXHOTO
nonobpsiBaHe, Kakto ¢ Heobxogumo. To3u
MpolleC BKIIOYBA IUJIAaHUpPAHE, MpEerieid, OJMT,
u3MepBaHe U HablwIeHUE, MpPOBEpKa,
MOTBBPKJaBaHe, KOPUTHPAIIM U MPEBAHTUBHU
neiicteus. Pa3zxoaurte mo ocUrypsBaHeTO U
rapaHTUpPAHETO Ha 3aJ0BOJIMTEIHO KaueCTBO
TpsiOBa /1a ce GaaHCUpAT CIPSMO PA3XOJUTE OT
OYaKBaHUTE 3aryOu, KOUTO Orxa Moriu 1a Obaar
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NMOHECEHU, aKo He ObJe MOCTUTHATO
3a/10BOJIMTEITHO Kau€CTBO.

Cneunuduuen mpomec e JoKa3BaHE
CroCcOOHOCTTA HAa OpPraHU3aIusATa MOCTOSIHHO J1a
NpoU3BEX)KJaa MNPOAYKT, ChOTBETCTBAIl Ha
W3UCKBAHUATA U NPUIOKUMUTE HOPMATUBHU
M3UCKBAHMUS.

Knacuuecku mpouec € yBeiauyaBaHe
YIOBJIETBOPEHOCTTAa HA KJIHUEHTHUTE 4Ype3
epekTUBHO NMPHIOXKEHUE HA CHUCTEMa,
BKJIOYBallla MPOLECU 3a HENPEKbCHATO
nogo0psiBaHe U OCUTYPSIBAHE HA CHOTBETCTBHE C
M3UCKBAHMATA HA KIMEHTUTE W MNPUIIOKUMUTE
HOpPMaTUBHU U3UCKBAHMUSI.

N3nurBanusATa MMar BakHaATa 3ajada J1a ce
MPOBEPSIT CBOMCTBAaTa Ha MPOAYKTUTE KAaKTO B
npoueca Ha pa3paboTBaHETO Taka W MpHU
JIOCTaBKaTa Ha OTOPaHUTETHU TPOAYKTH.

B UHcTuTyTa no orbpaHa Te3u IeHHOCTH ca
BB3JIOKCHH HA JIA0OpATOPUUTE 32 M3MUTBAHE U
M3MEpBaHEe U B YaCTHOCT B 00JIACTTa HAa TUJIOBUTE
umyniectBa Ha lleHTpanHa W3NUTBaTEIHA
naboparopust 3a TwioBu umyinectsa (L{WUJI 3a
TH), cbe cepTuduUKar 3a akpeauTanus, U3AaJ1cH
ot MA BCA, cprimacuo n3uckBanusaTa Ha BJIC EN
ISO/IEC 17025:2018.

1JI 3a T uma usrpageHa, noaabp:KaHa,
pa3BuTa u (QyHKIHOHHpAIla CHcTeMa 3a
ynpaBiaeHnue. Pazmomara ¢ BUCOKO
KkBanuuupan, odydeH npodecruoHaaIHo
TEXHUYECKU TMEPCOHAJ, KOWTO YIOBIETBOPsBA
Bcuukn m3uckBanusg Ha BJIC EN ISO/IEC
17025:2018 3a KOMIIETEHTHOCT, ITO3HaBaHE Ha
METOJIUTE 3a M3MUTBaHE, ONMHUT U PyTHUHA 3a
KOPEKTHOTO UM IpUJIaraHe.

M3nuTBaHusATa Ha OTOPAHUTETHU MPOTYKTH
Ca OCHOBHHUSA CHOCO0O ga ce OIeHH
ChOTBETCTBUETO MM C M3UCKBAaHHUATA Ha
norpedurenute B MUHHUCTEPCTBOTO Ha
otOpaHaTa u CTPYKTYpHUTE CBbP3aHHU C OTOpaHara
Ha cTpaHata. Te ce u3BbpIIBAT Mpe3 KU3HEHUS
IUKBI Ha OTOpAaHUTEIHH TPOAYKTH, MPHU
Clla3BaHe Ha NPUHLHUIHUTE 33 MPO3PAYHOCT U
NpOCIEAUMOCT B M3NBJIHEHUETO HA
MpOILeNypUTEe MO HU3MUTBAHE, OOCKTUBHOCT U

JI0OCTOBEPHOCT Ha pe3yaTaTuTe.
AkpenuTtanusaTa € XH3HEHO Ba)KHa 3a
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MPABWJIHOTO ACHCTBUE HA MpO3padyeH masap,
OpPUEHTHpPAaH KbM KadyeCTBOTO. ATECTaTshT,
W37aJeH Ha W3IMHUTBATEJIHATa JabopaTopus e
MpU3HAHKUE 3a HElHATa KOMIIETEHTHOCT. Toi e
JIOKYMEHT, TOPask 1alll JOBEpHE.

To ce ocHOBaBa Ha TapaHTHPAHO ClIa3BaHE Ha
CICAHUTE U3UCKBAHUS:

« 0E3MPHUCTPACTHOCT, HE3aBUCUMOCT H
0e3yIpeyHoCT;

« YyOpPaBJIEHUETO, OpTaHHW3ANUITA,
pas3npeneNeHUeTO U OTTOBOPHOCTHTE Ha
€KCIIEPTHUS ChCTAB U KBATU(UKALIUATA;

« IOMEIIECHUATA U TEXHHYECKHUTE CPEIICTBA Ca
C TapaHTUpaHa 3allMTa Ha OKOJIHATA Cpea U Ha
nepcoHana;

« UMa JOKYMCHTHpPAHH MOJUTHKATA H
MPOLIEAYPUTE 32 MOAIBPIKAHE HA TEXHUUECKHUTE
CpelCcTBa, KaTo CTPOTO c€ CIeAH 3a TIXHOTO
KaJauopupane;

« METOIUTE U MPOLECAYPUTE 32 UIMUTBAHE CE
aKTyaJlHW3upaT MPHU BCAKAa MpPOMsSHA Ha
CTaHOapTHUTE 3a M3NMUTBAaHE MIMU Ha
HOPMAaTHUBHHTE JOKyMECHTH;

. W3rpajicHa € CHUcTeMa 3a yIpaBJeHUE,

BBBCACH 1 HeﬁCTBaHI Hap’b‘IHI/IK 10 Ka4YC€CTBOTO,
e IIPOTOKOJUTC OT UBIUTBAHUATA ACHO U
HCABYCMHUCIICHO NMPCACTABAT MNOJYUYCHHUTC

pe3ynTarH.
Bbenpeku cnoxHus riobajeH masap,

NOTPEOUTENUTE UMAT YBEPEHOCT B KAUECTBOTO HA
3aKyHEeHUTE NPOAYKTH U yCIYTH, 4pe3
MOCJIEJOBATEIHO NpHUJIaraHe Ha BUCOKHU
CTaHAAapTHU, NPEUMU3HU U3MEPBAHUA U
U3MHATBAHUSA, U3BBPLICHU B CbOTBETCTBHE C Haii-
100puTe MpaKTHKU. 3a TOBa akpeAuTalusaTa €
BaXCH MHCTPYMEHT IIPHU B3€MaHE Ha PELICHMS,
yInpaBJIeHHE Ha pUCKA, OTpaHUYaBaHE
HEYCIEITHUTE IPOAYKTHU U MPEIOCTaBs paMKa 3a
MHOBAIUH.

OT BCHMYKO H3JIOKEHO OO TYK MOXEM Ja
HallpaBUM H3BOJA, Y€ OPraHuU3anusiATa,
YIPaBJICHUETO, BCECTPAHHOTO OCHUTYpsIBAHE M
MIPOBEXKIAHETO HA U3MUTBAHNS HA OTOPaHUTEIHU
NPOAYKTH HMMa CHUIECTBEHO 3HAYEHUE 3a
peanu3upaHe Ha IPOEKTUTE 32 YIOBIETBOPSIBAHE
Ha moTpebHOCTHTE HA MUHHUCTEPCTBOTO Ha
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orOpaHaTa, ¢ OTOpPaHUTEIHH MPOJAYKTH
CHOTBETCTBAILM HA LIEJUTE U 33Ja4lTe, KAKTO B
npomeca Ha pa3paboTBaHETO, Taka U IpH
OpraHu3upaHe Ha JIOCTABKUTE M B IIpolieca Ha
eKCIUIoaTalluATa UM B XO/a Ha LeNHs KU3HEH
LUKBJI. BaskHa posis 3a yCHEIHOTO peaau3upaHe
Ha [MPOEKTUTE 110 aKBU3ULUS /TIpUI001BaHe/ UMa
BCEOOXBAaTHOTO M ITBJIHOLIEHHO NIpUJIaraHe Ha
nonutukara o kadectso Ha HATO, 6a3uparia ce
Ha pa3bupaHeTO, Ye YNpaBJICHHETO Ha
Ka4eCTBOTO € HEMPEKbCHAT MPOLIEC, TPOU3THYAILL
1pe3 LeNns )KU3HEH UKBJI Ha OTOPaHUTEIIHUTE
NpOAYKTH M cuctemu. HeliHara npakrtuuecka
peanu3anus BOAM 0 NMPOBOKHUpaHE Ha
npean3BUKaTENICTBATa 3a OTOpaHUTEIHATa
NPOMHUIIJIEHOCT, aKIEHTUPAUU BBPXY
NEeHHOCTUTE MO IJIaHUpaHe, yNpaBJeHUE,
OCUTypsiBaHE U TNOJ00psBaHE Ha KayeCTBOTO,
KaKTO Ha MPOILIECUTE CBbP3aHU C IPOEKTUPAHETO,
pa3paboTBaHETO M IMPOU3BOACTBOTO HA CaMHUTE
IIPOAYKTH, TaKa U HA IPOLECUTE 110 YIIPaBICHUE
Ha IPOEKTUTE ITPH TAXHATA PeaTn3allus.

Jlureparypa:
1. BAC EN ISO/IEC 17025:2018 — OGmu
U3UCKBAaHUS OTHOCHO KOMIIETEHTHOCTTA Ha

nabopaTopuuTe 32 U3MUTBAHE U KaTuOpUpaHe.

2. AQAP 2000 ,ITomutukara mHa HATO 3a
WHTETPUPAH CUCTEMEH IOIXOJ KbM Ka4eCTBOTO
npe3 ku3HeHus Lukba’, 2003 .

3. ISO 10006 -YmpaBieHue Ha Ka4eCTBOTO.
VKka3aHus 3a KaueCTBO INpHU YNpaBICHUE Ha
MIPOEKTHTE.
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SEAM PERFORMANCE OF MOTORBIKE SUIT
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Abstract
According findings, the motorcycle is the automobile industry's fastest-growing product

globally. Wearing the appropriate personal protective equipment is mandated in many countries
to promote motorcyclists safety on the road, since it is essential for their protection and helps to
reduce the risks and severity of injuries. The European Standard EN 13595 for "Protective
Clothing for Professional Motorcycle Riders" was created and established in 2002. Recently,
new standard EN 17092 has been developed, as complement to the EN 13595, which provides
improved seams motorcyclists suit. The objective of the paper is to evaluate the performance of
various seam types of motorbike suit. The seams investigated are of class 1 and class 5 and the
fabrics applied are Kevlar and Coolmax. The results show that seam construction, and
combination of fabric and thread properties, influences mechanism of seam failure and seam
strength.

Keywords: seam, breaking strength, motorbike suit
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Intoduction

Motorcyclists' protective clothing, like
trousers, jackets, one and two-piece suits, have
intention to provide some amount of security
and protection to driver, without significantly
reducing its ability to control and master the
motorcycle. Therefore, this type of garment is
designed to provide competent protection
during a fall from a motorcycle or another
accident on the road. Certainly, it should be
clear that no protective garments could offer
complete protection against all types of injuries
[1]. Recent investigations claim that
motorcycles are one of the fast growing goods
in automobile sector worldwide. However,
there has been substantial growth in the
motorcyclist accidents rate. Some studies of
motorcycle crash accidents, found that riders
wearing protective clothing spent less time in
hospital, than those who do not. In addition, the
protected riders are 40% less likely to have
suffered a permanent physical disadvantage
[2]. Because the motorcyclists often suffer
serious injuries in accidents, manufacturing
competent protective clothing without
impairing mobility while riding is of essential
importance [3]. This garment acts as an
obstacle between the biker's skin and tarmac
surface [4] and in at best it can decrease or
prevent hurting soft tissue and at the same time,
the risk of complications and infections. The
reality is that almost half of world's fatal traffic
injuries are related to these unprotected drivers,

together with pedestrians and cyclists [5].
One of the most used material for protection

1s Kevlar, which is aramid fibre, famous for its
ballistic properties, heat resistance, high tensile
strength, resistance to abrasion, cuts and
punctures. It is a very strong fibre, created by
DuPont and invented by Stephanie Kwolek in
1965 [6, 7]. Kevlar is relatively light material,
which does not melt, able to withstand chemical
hazards [8, 9]. In addition, frequently used
material in motorbike garments is Coolmax
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fabric (blend of Polyester fibres), which offers
breathability and moisture management,
making it an excellent option for consumers
looking for the most possible comfort [§].

The manufacturing of high quality clothing
is the result of several combinations: design,
style, choice of fabrics, patternmaking, sewing
and successful finishing [10]. From all of
various assembling methods for joining the
textile fabrics, stitching is the most frequent
used, as it is easy to apply, flexible, cheap and
suitable for most applications [11,12]. The
characteristics of a properly constructed seam
are: strength, elasticity, durability, stability and
appearance, which depend on seam type, stitch
density, the thread tension and the thread and
fabric properties [12]. Because seams hold the
pieces of fabric together in a garment, they must
be strong enough to maintain this attribute even
under extreme conditions, where the garment is
subjected to loads or other internal or external
forces [13]. The inappropriate choice of stitch
or seam type can cause a failure at garment
seams [14]. Lock stitch is very common stitch
type that can be used for woven and knitted
fabrics. It has low thread consumption and it is

very secure [11].

Generally, in order to improve the
motorcycle safety, many countries mandate the
wearing of personal protective equipment. In
addition, several standard have been developed
aiming to increase safety: EN 13595:2002, EN
13594:2015 and EN 17092:2020. These
standards are generally suitable to define the
necessary degree of protection in different
garment areas. Several studies have
investigated the outcome of usage of protectors
for motorcyclists [15-17]. The study of Memon
et.al. confirmed that Kevlar woven & knitted
with a combination of 50% polyethylene fibers
shows higher damage resistance, favouring its

use for sportswear application [18].
The objective of the paper is to evaluate the

performance of various seam types of
motorbike suit. The first seam is of class 5, sewn
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through three layers of knitted fabrics (Coolmax-Kevlar-Coolmax) employing lockstitch stitch type
301 and the second is seam of class 1, employing overlock safety stitch (401.504) for joining two
pieces (Coolmax-Kevlar).

Experimental part
Materials and methods

Breaking strength analysis is performed on two different seam types of motorbike suit. The first
seam is 5.01.01, stitch type 301 (lockstitch), sewn through three layers of knitted fabrics (Coolmax-
Kevlar-Coolmax). The second seam is type 1.01.02, stitch type 401.504 (overlock safety stitch). The
second seam joins two pieces consisting of two fabric layers (Coolmax-Kevlar). Stitch type 301 is
formed of two threads, needle and bobbin thread. Stitch type 401 is also created of two threads,
needle and looper thread, while stitch type 504 is created from three threads [19, 20, 21]. The
construction of the stitch types 301,401 and 504 is depicted in fig 1. The configuration of investigated
seam types is shown in fig. 2.

301 Lockstitch 401 Chain-stitch !
L l

Needle thread Needle thread ]
Bobbin thread Looper thread 504

Figure 1- 301 Lockstitsh, 401 Chain-stitch and Overedge chainstitch 504

Seam type 5.01.01 Seam type 1.01.02

Fig. 2. The configuration of seam types tested

The seam strength is defined as a load required for seam failure. The failure of the seam could be
the result of the fabric break, the thread break and breaking the fabric and thread [23]. Beside strength
analysis of the seams, the breaking strength of the fabrics was also tested.

Methods, apparatus and standards

The newest published standard for seam strength analysis - EN 17092:2020, defines the basic
performance requirements advised as essential for motorcyclist's protective garments. As the
majority of motorcycle clothing on the market has previously not been certified for seam strength
achieving this standard should see an improvement in seams [24]. Still, in this research, the used
method for seam strength analysis was according to the standard MKC EN 13594:2016 (standards
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for testing motorcycle gloves, since the method
is the same), since it was requested by the client.
Three individual test pieces of each seam and
joins are tested and the mean value calculated.
The test involves pulling a seam apart using a
tensile testing machine and measuring the force
for the break to occur. Tensile testing machine
(CRE machine) having rate of traverse of
100mm/min. The jaws clamping distance is
30mm and the seam width 25mm. Tinius Olsen,
L-series tensile testing machine was used for
testing.

The fabric tensile strength was tested
according EN ISO 13934-1 Determination of
maximum force and elongation at maximum
force using the strip method. Five samples from
each fabric in both direction are cut in 20 cm
length and 5 cm width. The fig. 3 shows the
testing. The mass per unit area was determined
using the standard test methods for Mass per
unit area (weight) of fabric D 3776-96.

Fig. 3 Tensile testing motorcycle suit
materials

Results and discussion

The fabric tensile properties were analysed
in both principal directions. It is noticeable that
Kevlar fabric show higher strength than
Coolmax. Also. the Kevlar fabric obtains
higher strength in transversal direction.
Coolmax fabric shows greater anisotropy and
its longitudinal strength is almost three times
higher than transversal one. All the fabric
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during testing were broken in the jaws.

Table 1. Fabric strength and weight

Fabric Type Coolmax Kevlar
Direction MD CD MD CD
Weight [g/m?] 140 260
Force [N] 564 221 607 653
Extension [%] 92.6 236 132 141

The results of seam strength testing are
presented in Table 2.

Table 2. Seam strength of tested seam types

Seam type 5.01.01 1.01.02
Stitch type 301 401 504
Force [N] 526.3 | 210.6 | 258.6
Elongation [%)] 211.8 | 150.1 | 217.7
Extension [mm] 63.6 451 | 65.3
Seam strength [N/mm] | 21.1 8.4 10.3

The values for seam strength are calculated
by dividing the breaking force with the width of
the tested seam. The seam type 5.01.01 remains
undamaged during testing (thread did not
break) and the maximum force represents
breaking of the fabrics fig 4.

600
500 V)

z 400 / \

3 300

§ 200 / IVL
100 / M“

0 20 40 60 80 100
Extension, mm

Fig. 4. Force extension curve of the seam
type 5.01.01
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The force extension curve of the seam type
1.01.02 testing shows quite different behaviour
(fig. 5). There are two peaks in the force
extension graph: the first peak is breaking of the
stitch 401 i.e. the first part of the safety seam
and the second peak is breaking the overlook
stitch 504, which is second part of the seam.
The results is solely attribute to mechanism of
seam break, where the seam failure is just the
result of sewing thread break. During testing,
the thread starts to break and practically gets out
of the fabric. The fabric in the seam remains
undamaged.

300
250 //
—~ 200 /

@
S 150
0 / A‘L /A
a4 A
%0 - a M
0
0 20 40 60 80 100
Extension, mm

Fig. 5. Force extension curve of the seam
type 1.01.02

The seam 5.01.01 type shows excellent
performance in terms of safety, comparably to
the highest range for AAA class in the first zone,
according to the standard EN 17092. The
strength of the seam 1.01.02 is within the limits
of the standard for different zone and class.
Because the performance of the seam 1.01.02 is
a result only of sewing thread strength, the
performance of this seam can be additionally
improved by application of stronger sewing
thread.

Conclusion

The basic element of garment quality are the
stitches and seams, especially for the motorbike
garments, which should protect the biker in
case of traffic accident. Various types of
garments have specific seam strength
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requirements, which are affected by factors,
such as: fabric mechanical properties, sewing
thread type and construction, sewing machine
tension, sewing needle type, stitch and seam
types and stitch density. When buying
protective biker clothing, it is important to
ensure that the product has been tested
according recognized standards on tear,
bursting, impact, and abrasion.

The results of seam testing of two different
seam types has shown that seam construction
greatly influences seam strength. The results of
1.01.02 seam strength testing shows
composition of two peaks, which is result of
seam failure mechanism directly due to thread
break. The first peak depicts breaking of the 401
stitch and the second 504 stitch. The seam
having stitch 504 has 23% higher strength than
401, because the different thread configuration
in the stitch. Since the fabric in the seam is
composed of very strong fibre, it remains
undamaged during testing.
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