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bhoarol oborliheos 3cnsbgdol Gobsdy e1oogl sdsbobd@demnso sbsbgers
bebsorobs s bsddgbgberm oborlihmool §90wgs. boggodtm dbgphagarmds, dobo
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Fobsbos bs®hybadol dobodobsgos s Ggbrdlindol dsflbodserayto 3s80mg9698s.
300930l 5659B5OOG0NIE0 H9760¢rgo0ol (Bead 0 d9fig83000 bsGools grado-
©983) ©369(835 Fb0d369¢7m3560 36G08G9bo 076985 HaFbdocrob bstBgbgdol &g-
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Aol gL MEOEIL Fd0BIMMGOEISE ILLYIS LKYMLSMOLS s Lsd-
39690m 0bMLEH®Oo0L 99gy. 1939, 99MML 300TsBEOL (33w0Egdol 3g-
Lobgd 96g9M03gd0 Jomomgdl, MM Lsg3goddm dMIHIN MBS MBSO
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LosdMMOL 2sBgdoL 2odmygmzol ssbermadoom 10%- Fsmdmddbol. sdol do-
BgBos 4Mdgao 3gdbmermaom®mo x93F3900 s 9BIMAMMYLMLGdIOL OO
9bmdom dmbdstgds (Juanda-Labayen 2022, 2: 174-188). 39duEowol Fot-
3mgd0sb 300gdMEo Asdmbadmend3zols 90%-%g dgBo Loggodmm dMafag-
@MdOL Mmb J0doM0YegdsBY IMPOL: odmdY3s60 Fomdmgds, Logumgzo Fom-
3mgds, LaMM530 s J0FOMMO dMFIMGOOL FoMIMgds. BHgJuEHOEOl Ba®BBAdL
9093m03690s:

1. baPo®Imm 3OHMEgLgdOLLL FomBmgdboero bs@ByBadO (dmF3mgdol, bot-
0, dogggdol, Jumzowgdols s BHMOZMAEIIWO BHOEWMadOL, bsdIYM35eM
Homdmgdols 459mbsFMgegdolis o Bo3mfgdol Loboo);

2. 9mbToMmgdME0 s 353390000 BgJUEH0MOL 3MMIEJd0. (Logmazs-
3b™36M50m 3HgdlGoeo, Ladmahizgum s 39dbozMMmo EgduEowol batmBgbg-
30, MHMAgdoa FaMdmoddbgds: Lod®Mghzgerm BsfaMdmgddo, @HMeblidm®m@do,
LoBMYIMGOM030 33900Ls O ¥ 96sE30L BadBMMH9dT0, IMIBASMYdYEMS
3maLobwymgd0l Md0gJEHJOT0 s 9.3., 393390000 Lsdwdsm FsBLsdeol,
MBog3mM3gd0L, LMRGOL 2ooldgsMdEBOL, Lofimeol aooliogs®madang-
dols, M9goMJMEol, BOMEIOOL, s 5.9. Lobom).

bmxmomdo ymzgwficror®ms Homdmddbowo @ssbanmgdoo 150 do-
@ombo BHmbs BHgduEowol BatBgbosb Fbmerme 25% (Lafomdmm bomBgbg-
00) bgaobs 4500335300900 o dMF3MGdoL Loboo dHMBEYdS LsFomdmm
30330, 75% bzgds BogogLoytgugd by, dbmenme 1% M9303eoM©ads o
dMBgds oo Jumgowol boboor (Juanda-Labayen 2022, 2: 174-188). bo-
393BoYMHgagdbg sMUYdME dEYMIsMGMdSL oboE 5dd0dgdL, MMI Jodow®mo
O™ F3M3560 Boboagdol wIME3egLMds SMOWYHMIPOMYDS0S S G500 Y-
A9 300Lsm30L Sbgeo Fangdos bsFoMm.

G990l BoMBgbgdo Fgodangds I0YML MY 80356 X AVIRBS:

1. LEOISZ0 FoMTMGOOL BoMBgBYO0, MMIWGdOE boliosMYdS Fooe0 bs-
Molbom. sbgmo 6sMPBgBdo LofomdmMTngg gosdMTsggds dMF3Mm3560 Bod-
60L Loboom B39gE0sEMO FoBJoBs-bIAIMNBOL AsBMYqbadols Ascgdy.

2. 39dbdoob {omdmgdol bomPgbado, HGmMIgwms 2osdw)dsggds dgwd-
gdgwos 00 Lsfo®mdMgddo, Losz obobo Fomdmoddbgds s 99399YdsMmYdS
139305 MO JoMbBEYdTo o336l FgmMs Bgwges godmdm3szgdol-
030U. sbgmos Logumg, BHMHOZMESFM s LHT39MZ5™ Fo®dmgdsdo Fotdmd-
36owo BsMhgbgdo Bsfy39@0 doxgdol 96 2odmFMoLSL B0MGdIVIENO MM~
dmM0obo 53mbs3396900L Laboo.
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3. PoMImgdols s ImbToMmgdol d9gas 300gdvYeo FgduEowrol Bom-
Babgd0, MMIgems 2003353900 3MM©MJBYOs© 9gmdegdgeos. olobo
939obg bdoMs 2odmnygbgds MHmam Lsfdgbwo Tsbsgns, 96 MdMswm
Boa93LogMgegdBg 0gMgds 96 ofjgqds.

4. Hom3mgdol odsEro bamMolbols BotBgbado, MmIgdom 3ModE03vwy)-
WS “)35M30L05 BHIJLEHOWOL 3OHMOIEHIOOL LEIBIPIOMSE. 5T K AIR3-
do sbg39 G900l LEIMYH3gEPM BOEHMYdO, MIGdTs3 J0sfiogl Meg3056m0
3mdLabwymgd0l 300l 58MfEzoL s MMIgms ofidgbs s swygbs
93MbMI03MEMS@ 25T GdG0s. 53 XMBoL BodBaBdo y3z9esbyg bdo-
M5 0g4Mgds BogogLaggengdbg 96 ofjggds (Mehrdad Seifali Abbas-Abadi 2025,
628).

A99bGHoOo bstBBIdOL Fga30MgdOL GOHMGM ABOL FOMINIESE¥Y)-
@0 93MbM3035Bg 2osligems FoMdmaygbl. ol aweolbdmdls 3hmvydiools
Hotmdmgdols o dmbIsMgdOL sbegdm®, Mebsdgmmgg bggsl, Mmdols do-
Dobogss bstBgBgd0L JobodoBons s MHglMLigdols AodlodsMo godm-
g49bgdos. 53 sbengd® bggsdo 360d369cmasbos 9.f. 3R 36M0b3030, MH™dg-
o3 3moEegl bsd 30domMEgdsl: Reduce - 30MM©J300L 5M0BEMdIMO-
350 259mygqbgdols s dolio BotPByBado gowod3g3ol dodlodserMag Jod-
306M9ds, Reuse - 6300Ld0gMH0 3O EHOL LOMYdY0/R3w9bJ30Mo 9dso-
39690 Bsfoemols doduodocnyMogo 4sdmygbgds, Recycle - BotBabadol goqos-
09853905, 8gmM>® BIQWINWI® 3503393 s bgErobans gddmygbyds. (HoJ-
LEHOWOL BoMBgbgdOl MgE03E0MGdS 0MZ5¢oLF0bIdL Fs0d bgamsbogn godm-
496905l 3gmeoo Byowgmamol Loboo, Mog Bmasgl MglivydLL s 533060l
396Mm99mbg 35369 Bgdmgdggdol momymazom d9gagdL (dsberodg 2022).

9L ®gMOHOEs dglodegdgaos SO GHgJuEow Mo Bombg-
6900l 85%-0l MHg303woMgds s dolo, HmymM3 sbogo babols bgwwrgrmeols,
bgwobes 398myqbgds (Mocemsman 2022, 20-28). Lsdfmbosdm, GHgduBow-
M0 BsMhgbgdols Ggatmmzqdols s dmF3mgsbo Ggdsagbermdols dobgwzom
bMHOLLYBOL OBROLEHOMIEHMGS, Fo0 MHYE03WoMgds (3539 3OMdWY-
doo MPBgds (Circular Economy ... 2020).

99b3MdES300L J90aMao FBgduBowol Fgammagds s FoLO yosdv-
353905 903538 MG d0MH0Ms© F0doMmvegdsls: 39dobogm® s Jodow® go-
53353905L. PO0OMGNEn FomAsBL g3l BogMmsMo M30MmOBHIBMdGOO S
LOOMYggdo. gLsdsdolo Igomol s0BY3960 sIM30EIdMY0s dmFImls
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G039 5 Ladmemem 3MMmEI@oL Loby®zga bo®olbby (Mehrdad Seifali
Abbas-Abadi 2025, 628).

399mygqbgdmmo BHgdbGomols Jodowdmo 3Bom MYE03WoMgds dmF3mg-
B0l BMOHI0MGOOL seBMbsEB0MEO gBss. 53 3MMEgLY0 dMF3MmgdOL dmeng-
3900 ©I3ME0dgMHoboEool gboom dmbmdgMads 08egd0sb, Lsnsbss
399099 b0 Bobdergdol 0gbEIMO 3meodgmgdo LobmgbomEgds. gls dg-
0™ JOMOMISP 35dM0Y4q6qds 3mMeogliBgMol, Byowmbols s (39wwem-
Dol B35y sdDoIOO dMFIMGOOL osdToz9d0LsL. Ol Ladrsegdsls
04935 30300Mmm Joagno Hatolbol 3me0dgewemo dslsergdo, MHMIEgdOE3
30Lgd9000 sbEIMl 5M056 300395 ME S dMFIMIBIO BMOHAOMYBY-
30 39Mm20L0 50056 olEMMO350. gl FoEYMIS LodwYsegdl 4353l d0g0-
MO MHYHEO0IL0MJONO dMF3IMIO0 3900 BODBOIMMO s 39dobozMo dobo-
LOSMYdIWGIOm.

A996mMmy0m™o 3Mmglol LMol Jobge350, dMFIMIdOL s
Lodmgmem  3OHMmJEoL  bs®olbo bdoMms  35MmEaRdL  MHY3030Madols
3MmE3gLOL Joeagn Fo@JMH0SWNIH s 9bgMym sbatxqdl. Lsdfmbsdm, Jo-
3090 B0 MHg30300MgdoL 36033690 M396 3MMdEgIs MBIdS dmF3mgs-
Bo 65693900L5g96 BMGT0MGdIMO FHgJuE0wwol Bo™BYBdOL gosdmdsggds,
306500096 Botgz0l mmommgmemo 3m33mbgbE0 2oblbgeggds B30B03MmHO s
J03oMHo 330L909000, Mo dM0VEdL FomAsb gMmy35MmM3s60 LoMms30
blboGmol Joegdsly s dmF3Ml BmMIoMmgdols 3OHMmEgLL.

3945603160 2505399353905 3erolbdmdL 3gduEowol Bombgbol s30bo-
376 0039350, 39dob03mE ©odmEdeEgdsl, 564y dol sl 3o 3gmem dmF-
39050, 350 gofidgbosl 3E3MH0Ls s F0bstg39d0LOYD. a3, dgdsbogmmo
5393900l EOML bgds dmMFIMgdol sBosbgds - §yz9@e. gu Igomo
396Ls3MIOHPOOD  9BgIBHMO0s BoGEemHO s B39 IMo  JodowMo
O™ F3M9d0L M93030MGOOLEMZ0L, 30650056 Tglodargdger0s Fom0 STMYY-
300090 godmyYyqbgds 96 GgMg3zs LZebsMEHWW dmMF3Mgdmsb. dgdsbozmmo
3900Mm©O® 30 IO MYEOIL0MGINE0 dMFIMId0 A58Mm0Yygbgds Lbgssl-
bgo 56086 gd0l LogmasEbM3zmgdm s B9dbozMmo FHgduBowol Foddm-
900Lsm30U.

Jodo® 3900m@E™Msb Jgsmgdoom 3gdsbozmMo dgmmo MHmameME §3m-
Bmdozmms, 1939 93MWMYPOMMO 35EBsDBOOLOMYE IMIYgd0sb0s, Bozwg-
05 9HIBL MoMHYMBom 25319l oMgdmbyg. Lsdfbomme, LEobst@vy-
@0 3MF3Mgd0Logsb Asblbgs39d0m, MgE03eP0MgdYE dmF3Mmgdl doeBy do-
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090 gds Q0SE0 0505@0
3OOINWIOHWO

93mbm3ozol bo3wgoEm oo
3mhgbgosgro

9303009090 dMFIMIOIOL IMMZS B3YEOR0INO J0YMIGOL Lo Fo-
MHMGOL. F9sMYdOm AMAGENO MYE03LOMGIO dMFIMIOO MHMYMM 3 odm-
3000905, 51939 UbZs dMFIMGdMb gMma bstmgzdo .9.5. d9mMso M-
030L  3946MEMA000 BoMms FMOHI0MEYds. smgeb 0glmggds Logmass-
3b™M3Mg0M s 39360370 FgJLEBHOWO, (35S0, BIMOOM 45dm0Yyqba-
05 M9E03X0MYdMYO 3ogliGgMol s d53d0l dmF3Mms bomgzom (60%
d53ds, 40% MH93030P0MGOME0 3M0gLEIMH0) BMOHA0MGBEO BOOOO.

9303X0MYOMMO  3MFIMJOOL IMMZS JOMOMSPIE bMM (3000 ©JdS
MAME900060 5 3693003939603M0 IMMZ0L Fgdbmemyngdom, 0vdi3e
dmF3mms Log™MAol JobgO30m OO LJMSBIBOMBOL Q5dm BstrIOl Bm®A0-
M900L 3OMEQLO JoBg 5MBESBOMENS, Foo0s §Y39B0sbmds. s0F™A
M93030M0o  dMF3Mgdol  LOvEg3slimgbo 2odmygbads s Bomgysb
Bomo0l 259m3Mdoggds dmombmal sbsgo 3Hgdbmermangdols 4ob30msMgdsls
Q5 Q3BxMAZL.

9303000900, LogMdol dobg300 Bs®seo MMBIdGMBOL 8mby
O™ F3m9d0L smM30l 360dzbgmmgsb0 FqLodegdEmdss Bo®Mmol gm®mBomy-
05 5M3GMIOE0YO HNZ0L IJNHMPIO0M. GODINO SBYIPO BHIJBMEMA0sS
Bomool 3m®OHIoMmgds dMFIMGdOL AMgbgzoL 4oMady - F9fgd30m, s3gbommo
3oboEgdol 2odmygbgdom. MMZ0L 50bodbEo 3gdbmarmaos Lodwswmyg-
Bl 0deg3s 630 F0gdo 0dbsls BgdoldogMo LoamAol Mmym®E Body-
OO S J0G0IMO dMFIMGO0LOQB, slig3g Bomo Botg3z9d0LOSE.

506036 o Ggdbmmmyoom dmF3mms Botg3do goM339mo MHomgbm-
b0 894o3m 539HoIM0o 603mm0gMHgds dmMF3MUL, Lodbol 96 AMsbryol Lo-
bom. sm»30L 3MmEgldo olobo od@G0MMEYd0SE - WM3gd0E 6 dbgzswo
LObOm 2506 503gBoE FAMI>MGMBST0. SLgmO Bomols LEMYEHwMEs
296Lb30390905  3aoliogMMologsh. dslido dmF3Mado Bomol wgdol do-
o600 95 IOMOHOMHMWH, 50539 35MOENYINVIMS 05D Qobenoggdmwo
Q5 9356996 5353800910 5MH0E 5E39BOMO 395380M09d0m (bsb.1)
(MocemBuau 1986).
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65b.1. deaFamons 3gfigdg30m Bogdmmo Bs®mols lsE®HvdBmes.

3190 B0l LodB3039 A9B30MMBYBdME0s dMF3MIdOLS s oo 8g-
8535380670900 53900 353800900l LOFBIOEOM. 96, 6350 SlYMO
Bono ghmazem 30033BoEWE Folioenols FoMdmaagbl, MmIgedos dmF3m-
053mM0bo LogMag 999(9d530 603009l FaME0wM356 3580MgdL w3530~
5. b 353800900 EOMYBOM0, 30650sb Fodmyzsbol 3HmEgldo s3gbogo
399m0Mg3bgds s Jumgzoeol LEBHMYIEMMSTo MHBYdS TBMEIME S5MOEYEvY-
5@ 96 gd o dmF3mgdo (Mocemsnmu 2013, 145-149; Mocemsuan
1986, 124-180).

3M9b30L b33 503gbog0m dmF3Mgdol 99353806M9ds obodBsdy
593060908 oM™M30L 3MmEgldo Botmdo sAM™ME ododYYIEPMdOL doggdl.
dgLodsdolo  I30MEYDS  §Y39BH0sbmds s 0BMPYds MM30L Loty
(Moseshvili 2013, 74-78). g56Lo3mo®mgdom 9139J@vIMos 53 dgom©oo Bom-
0l 30©gds 339650990 dMFIMGIOLORD (d53ds, LYo, s 5.8.), HMIgE DS
SMLYOMEIO  MOMPIBMBS PIL 39 9305YMBOEdL  ALMGEOM  BSBMOL
dmbm3zbgdl.

3965000 30635 ,Bobtex"-ols doge Jgamms35D9dMmo 0bEgAMmOMYdYY-
o 30m33nboGemo ool sdbsgdols (ICS) Ggdbmamyos Lsdwsegdsls
09935 4505333009l 30-80 99 Loa®Aol dmF3Mgdo. 53 Fgmmom (bsb. 2)
M3 dm3F3mgdo (1) s 3modgMo (2) gHmo0sbgds 9duEMmBool 9Bs3%Y
5 J36056 3m33mbo@® LEAH®YIEGHMOSL (bob. 3) ( Bobkowicz 1971). dslido
Y3930 ©IMHINo 3530 (3) IBIOIOS ASFMZIMO 3ME0dgMom (2),
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OIGEBY3 oMY gx0bgds dMF3IMadol mbgwo 13qbs (1) (Bsb.3). dsggols
53mOH30MH7ds 090BsMGMOL Fy393)00bMmdOL 50937, Mo Ladrsegdsl 0dgng-
35 309300l sH3930L Lokdstg 500-1000 9/fior-0c0g Ao0DoMEMU.

Ics 4. bxmon

6. 2. ICS 3m33mbodm®o dsgob gmmBomydol Ggdbmemyowmmo bidgds.

OMM30L gl 3OMILO 56 SGOL OIMIOWIOINIEO 3MBIMYEHWIE dMFIM-
396 FoLoEnobg — FqLodangdgaros dBgdMH030 96 Jodommo, 4Mmdgwo sb dm3-
g dmF3MgdoL as3mygbgds 6gdoLdoge MYMIM3ELEHOIME 3tE0TGMHIb
BoBogdo. ggao doomgds 3mI3mbodmmo "Bobtex" ICS doggdo (Bsb.3),
OMIgd0E bb3o0slb3s ©sb0dbmgdom Fgodwgds 0dbgls godmygbadmwo.
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o. 3cmlsg8zomo

2. 3memodgfo
3. mgfdymo doxsn

6sb. 3. Bobtex" ICS dsgols Lit®vgdEem®s.

d™F3mms 39590300 650000l 30gds Lsdromgdsls 0dengzs §Y39@0sbm-
B0l 406939 39053935309l 6gd0LI0gMO Lobols s LogMAoL dmF3m, 30m-
934300l 258m33900L Lokdomg 0B 1500 3/fm-8c0g, Boa™sd LoMmag
3569065bg gMnOHMEs d9debo3M™o, Jodowmo s MdIMMO 3HMEILYdO
803@0BsMgmdL, Mo gargdB®eo 969Ma00L 0 FMbIsMGdSL Imombmagl.

313365. B9dLGHowMMo Bathgbadols GgaMmaggdols s dmF3masbo dg-
850096@MdoL  Jobg300 obaMOlbYdIOL 0bBOILEMIE ™S, bgamsbens
390539353980L5 s 258MYggbgdol bsgombo (3539 3OMdGIs MRYds. (306M-
3@ 93MmbMI03oBY 4oLz Lyeergdsl 0dgrg3s dmbeogls BatBgby-
dol 30bodoBsoEos s MlMLYdOL FodloToE Mo godMYgbgds. o0 sberg-
O Boamdsdo 360d3bgwmasbos Bambgbgdols dotmgzol g.f. 3R 3Mobzodo
(reduce, reuse, recycle) - Bo®Pgbgd0l TgaE0Mgds, bgsbans asdmygbgds o
M9E030MYds.

399Gl FBsMO Bohgbgdols MgiE03woMgds s Fgmmowo bywg-
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Collecting, sorting, and subsequent processing of textile waste are critical global
challenges. Currently, the textile industry is ranked as the third-largest environmental
polluter, following the food and construction sectors. The textile industry, due to its
long technological chains and high consumption of water and energy resources,
generates about 10% of global greenhouse gas emissions. Demand for household and
technical textiles made from natural and chemical fibers is increasing every day. The
Ilimited availability of existing resources necessitates the rational use of raw materials
and the production of textile materials from recycled fibers. Among the primary
pathways for reducing textile waste Is the transition to a circular economy, which aims
to minimize waste and maximize resource efficiency. The Introduction of non-
traditional spinning technologies (spun yarn by bonding fibers) will be a significant step
forward in textile waste recycling, as this technology allows the formation of yarn from
fibers of any length.

Keywords: Textile waste, recycling, twistless yarn

Population growth, rising living standards, the diversification of textile
product assortments, and the shortening of the textile product “life cycle” have
significantly driven global textile consumption. The textile industry has been
identified as the third-largest environmental polluter on the planet, following
the food and construction industries. According to United Nations reports on
climate change, the textile industry accounts for about 10% of total carbon
emissions (Juanda-Labayen 2022, 174-188). This is largely due to long
technological chains and high energy consumption.

Textile waste includes:
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1. Production Waste: Generated during manufacturing processes, including
fibers, yarns, threads, woven and knitted fabrics, as well as cuttings from
garment production.

2. Post-consumer and End-of-life Textile Products: This includes
household, industrial, and technical textile waste generated across various
sectors such as manufacturing, transportation, catering, healthcare, and
consumer services (includes worn-out workwear, uniforms, tablecloths,
bedspreads, linens, and curtains).

Of the approximately 150 million tons of textile waste generated annually
worldwide, about 75% of textile waste is disposed of in landfills, 25% is reused
or recycled, and less than 1% of all textiles are recycled back into clothing
(Juanda-Labayen 2022, 174-188). The environmental impact of landfills is
further exacerbated by the fact that most synthetic fibers are not biodegradable
and take centuries to completely decompose.

Textile waste can be categorized into four primary groups:

1. Spinning Production Waste: Characterized by high quality, this type of
waste is reprocessed within the same facility as fibrous return material without
the requirement for specialized machinery.

2. Manufacturing Waste (Non-local Processing): This includes waste that
cannot be reprocessed at the site of origin and must be transported to
specialized facilities for conversion into secondary raw materials. This category
encompasses yarn remnants and inter-pattern clippings generated during
weaving, knitting, and garment manufacturing processes.

3. End-of-Life Production and Consumer Waste: This group consists of
textile waste that is unsuitable for conversion into new products. These
materials are most commonly utilized as industrial wiping rags or are disposed
of via landfilling or incineration.

4. Low-Grade Industrial Waste: This category includes materials that are
practically unfit for textile product manufacturing. It also encompasses
industrial filters that have reached the end of their service life and for which
cleaning or restoration is economically unfeasible. Waste in this group is
typically destined for landfills or incineration (Mehrdad Seifali Abbas-Abadi
2025, 628).

One of the primary pathways for reducing textile waste is the transition to

a circular economy, which aims to minimize waste and maximize resource
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efficiency. Central to this paradigm is the 3R principle, which comprises three
strategic directions: Reduce (minimizing the improper use of products and their
conversion into waste), Reuse (maximizing the utility of a product's valuable or
functional components), and Recycle (processing waste to transform it into
secondary raw materials for reuse). Textile waste recycling involves repurposing
materials as secondary feedstock, thereby conserving resources and mitigating
adverse environmental impacts (Bazlidze 2022).

Theoretically, it is currently possible to recycle 85% of existing textile
waste and reintegrate it as a new type of raw material (Moseshvili 2022, 20-28).
Unfortunately, the infrastructure for collecting and sorting textile waste based
on fiber composition, as well as the recycling process itself, remains a critical
challenge (Circular Economy... 2020).

Post-consumer textile collection and processing can be carried out using
mechanical and chemical recycling methods. The selection of the appropriate
method depends on the fiber type and the desired quality of the final product
(Mehrdad Seifali Abbas-Abadi 2025, 628).

During the chemical recycling of used textiles, fiber molecules are broken
down into monomers through depolymerization, from which polymers
identical to the original materials are subsequently synthesized. This method is
primarily utilized for processing polyester, nylon, and cellulose-based fibers.
This approach enables the production of recycled fibers with high physical and
mechanical properties. Despite the complexity of the technological process, the
quality of the resulting fibers and final products often justifies the high material
and energy costs of the recycling process. The recycling of textile waste formed
from fiber blends remains a significant challenge for chemical recycling
methods. Each component in the blend differs in its physical and chemical
properties, which complicates the production of a homogeneous spinning
solution and the fiber formation process.

Mechanical recycling involves the physical breakdown of textile waste
through mechanical shredding, which disintegrates the material into individual
fibers and removes dust and impurities. However, the mechanical treatment
process inherently leads to fiber damage and breakage. This method is
particularly effective for recycling natural and staple chemical fibers, as they

can be utilized independently or blended with virgin fibers. Recycled fibers
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obtained through mechanical methods are employed in the production of

various household and technical textiles.

The primary characteristics of chemical and mechanical textile waste

recycling processes are summarized in Table 1.

Table 1. Characteristics of the chemical and mechanical recycling processes for

textile waste

Criterion

Mechanical Recycling

Chemical Recycling

Processing Principle

Mechanical shredding and
carding of textile waste to
recover individual fibers.

Chemical decomposition
(depolymerization) of
polymers into monomers.

Homogeneous or
heterogeneous textile

Chemical fibers and waste

Input Materials waste: fibers, fiber blends, | from textile materials
and various textile product | produced from them.
remnants.
1 , fibers,
Secondary (reclaimed) New po yrFers 1be'rs and
Output Product fibers raw materials for high-
' quality textiles.
Low to medium; fiber . . .
length is significantly High quality; properties
Fiber Quality (Length) reduced due to mechanical | 2 ?omparable t9 those of
virgin raw materials.
stress.
Technical fabrics and non- | Apparel, high-quality
. woven materials: household textiles, and
Applications . . . .
insulation, filters, carpets, | advanced technical
padding/fillers, etc. textiles.
Energy Consumption Relatively low High
. . High risk if not managed
. Minimal; potential for dust .
Environmental Impact . correctly (due to chemical
generation.
usage).

Simple; well-established

Complex; requires

Technological Complexity technological processes. ?dvanced high-technology
infrastructure.

Cost Low. High.

Circular Economy Moderate (primarily High (closed-loop

Potential downcycling). recycling).

The spinning of recycled fibers requires specific technological approaches.

Traditionally, these fibers are processed using ring spinning and rotor (open-

end) spinning technologies. However, due to the high degree of fiber length
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irregularity, the yarn formation process remains highly unstable, leading to
significant breakage rates.

A potential solution to this problem is yarn formation through non-
traditional spinning methods, particularly by spinning fibers without twisting
by bonding them together. This technology enables the production of yarn
from natural and chemical fibers of any length. With this technology, a specific
amount of adhesive material is introduced into the fiber mass in the form of
fibers, liquid, or granules. During the spinning process, these materials either
melt or transition into a liquid adhesive state. The structure of twistless yarn
differs from classical yarn. In this structure, the fibers are arranged almost
parallel to the yarn axis and are interconnected through adhesive bonds (Fig. 1)
(Moseshvili 1986).

Fig. 1. Photograph of a twistless yarn.

The tensile strength of twistless yarn is determined by the individual
strength of the fibers and the integrity of the adhesive bonds holding them
together. The inter-fiber spaces are occupied by point-bonded adhesive
connections, which are temporary. During the finishing process, the adhesive is
washed out, leaving only the parallel-aligned fibers within the fabric structure
(Moseshvili 2013, 145-149; Moseshvili 1986, 124-180). Bonding fibers with an
adhesive minimizes the tensile stresses induced in the yarn during spinning. As
a result, yarn breakage is reduced and the spinning speed is increased
(Moseshvili 2013, 74-78).
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The integrated composite spinning (ICS) technology, proposed by the
Canadian company Bobtex, allows processing fibers with a length of 30 to 80
mm. Using this method (Fig. 2), short fibers (1) and a polymer (2) are combined
during the extrusion stage to create a composite structure. The continuous core
of the thread (3) is covered with a molten polymer (2), onto which an outer
thin layer of fibers (1) is applied. The formation of the thread occurs
continuously, which makes it possible to increase the winding speed to 500-
1000 m/min.

Fig. 2 Structure of an ICS thread.

The production of yarn using the fiber bonding method ensures continuous
processing of any type of fiber, regardless of its length, and makes it possible to
increase the production speed to 1500 m/min. However, the simultaneous
integration of mechanical, chemical, and thermal processes in a spinning
machine requires high energy consumption.

Conclusion. The infrastructure for collecting and sorting textile waste
based on fiber composition, as well as the issues related to its reprocessing and
utilization, remain critical challenges. Transitioning to a circular economy
enables waste minimization and the maximization of resource efficiency.
Within this innovative framework, the 3R principle (Reduce, Reuse, Recycle)
of waste management is paramount.

Recycling the ever-growing volume of textile waste and utilizing it as a
secondary raw material conserves resources and mitigates adverse
environmental impacts. Theoretically, it is possible to maximize the recycling of
existing textile waste and reintegrate it into the production cycle as a new

category of feedstock.
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The global annual demand for textiles consisting of cotton, polyester,
cellulose fibers, and their blends continues to grow. The production volume of
available natural fibers is becoming insufficient to meet market needs.
Therefore, it is crucial to increase the use of recycled fibre materials in spinning
production.

Recycled fibers are characterized by a high degree of length irregularity,
which complicates traditional yarn formation. The implementation of non-
traditional spinning methods represents a significant advancement in textile
recycling, as these technologies allow the formation of yarn from fibrous

materials of any length.
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