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Abstract

5HIHQHUDWHG FHOOXORVH WH[WLOH ¢(¢EUHV DUH FRPPR
EDPERR EXW ZLWK QRYHO WHFKQRORJ\ FHOOXORVH ED
feedstock. This study examines and compares the production and mechanical
SURSHUWLHV RI PRGDO WR PRGDO WKDW KDV EHHQ FKHPL
SURFHVV %DVHG RQ LQGLFDWLYH GDWD IRXQG I.Q OLWHUI
FRQVXPHV VLIQL;FDQWO\ OHVV UHVRXUFHV WKDQ YLUJLC
FRQWULEXWLQJ IDFWRU LV WKH DYRLGHG SULPDU\ IHHGV
process is in general less complex and chemically intensive than the modal
SURGXFWLRQ SURFHVV 7KH ¢EUH SURSHUWLH\Y ZHUH DC
DQRG ELUHIULQJHQFH UHVXOWYV 7KH ¢EUHV ZHUH VSXQ LQ
WHQDFLW\ DQG HORQJDWLRQ DQG WKHQ NQLWWHG WR W
DV YLVXDO UHSUHVHQWDWLRQV RI WKH ¢EUH TXDOLWLH)\
PRGDO KDV JUHDWHU HORQJDWLRQ DQG DEUDVLRQ UHVI
¢EUHV H[KLELW VXSHULRU WHQVLOH VWUHQJWK LQ ERWK
degrees of total orientation.

Keywords 7H[WLOH 5HF\FOLQJ ORGDO ,RQFHOO 5HJHQHUDW
ObQ PDGH FHOOXORVLF ¢EUHV ODWHULDO UHVHDUFK 'HV
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*OREDO WH[WLOH SURGXFWLRQ FRQVXPHV VXEVWDQWLDC
ODQG +RZHYHU ZKHQ UHVXOWLQJ SURGXFWY DUH ODQG¢
WKH UHVRXUFHYV LV QRW UHDOL]J]HG 5HF\FOLQJ RcHUV D Z
UHVRXUFH HAdFLHQF\ 7R GULYH FKDQJH WKH (XURSHDQ &F
VSHFL¢{¢F UHTXLUHPHQWY IRU UHF\FOHG ¢EUH FRQWHQW D
UHVHDUFK LQWR UHF\FODELOLW\ LV EHFRPLQJ YLWDO IRU

Approximately a third of textiles produced are cellulosic, meaning that they

DUH PDGH RI FHOOXORVH GHULYHG IURP SODQWYV VXFK
7TKURXJKRXW WKH WH[WLOH SURGXFWLRQ SURFHVV FHOC(
ZDVWH FDQ EH XVHG WR UHJHQHUDWH QHZ WH[WLOH ¢EUF
QDWXUDO IHHGVWRFN 2QH zZD\ WR FKHPLFDOO\ UHF\FOH F
SURFHVV D O\RFHOO W\SH GU\ MHW ZHW VSLQQLQJ WHEFK
[DBNH][OAC] as solvent.

7KH ,RQFHOOS SURFHVV KDV EHHQ IRXQG VXLWDEOH IRU |
DV FRWWRQ KHPS DQG ,RQFHOOS +RZHYHU XQWLO QR:
WKH SURSHUWLHV RI PRGDO D VWURQJHU W\SH RI YLVFR
,RQFHOOS 7KLV EDFKHORUYV WKHVLV IRFXVHV RQ WKH ¢
FRQVXPHU PRGDO DQG DLPV WR H[DPLQH WKH GLcCHUHQF
,RQFHOOS SURGXFWLRQ PHWKRGV DV ZHOO DV WKH PHFKL

7KH UHVW RI WKLV WKHVLV LV VWUXFWXUHG DV IROORZV

WH[WLOH LQGXVWU\ DQG FRPSDUHVY PRGDO SURGXFWLRQ I
DQRG WKHLU UHVRXUFH HdFLHQF\ WKURXJK D OLWHUDWX
PHWKRGRORJLHV RI WHVWLQJ RI PHFKDQLFDO SURSHUWL
NQLWWLQJ 5HF\FOHG PRGDO ¢EUHV DUH WHVWHG IRU HC
ELUHIULQJHQFH DQG FRPSDUHG WR YLUJLQ PRGDO ¢EUHYV
DQG YLUJLQ ¢EUHV DUH VSXQ LQWR \DUQV ZKLFK DUH WHC
NQLWWHG LQWR VDPSOHV IRU PHDVXULQJ DEUDVLRQ UHVI
WKH VWXG\ ZKLFK DUH SUHVHQWHG LQ &KDSWHU D NQL

This study is performed as part of the Finix research project.



7KLV LQWHQVH UDWH RI WH[WLOH SURGXFWLRQ UHTXLU

$FFRUGLQJ WR WKH (XURSHDQ &RPPLVVLRQ WKH WH
7R EHWWHU XQGHUVWDQG WKH UHVHDUFK WKLV &KDSWHU SURYLGHV QHFHYVYOY\;ERAWKRYVERSDYV HPLVVLROV .0 WKH LC

JHQHUDO NQRZOHGJH DERXW WKH WH[WLOH LQGXVWU\ ,Q SDUWLFRXGDE pWyEBY HRUVZERWE Y BI(XURSHDQ FRQVXPSWLRQ W,
FRQVXPSWLRQ UHJXODWLRQ WH[WLOH UHF\FOLQJ UHJHQHUDWHG pW MOtk wRYUHW RO ¥ AHDNRVEKDQJIH DQG HQYLURQPHQW
WKH SURGXFWLRQ RI PRGDO DQG ,RQFHOOS (¢EUHV WH[WLOHV FDXVH WKH WKLUG KLJKHVW ODQG DQG ZDWH

PDWHULDO XVH DQG JUHHQKRXVH JDV HPLVVLRQV (XURSFH

JRVVLO EDVHG VIQWKHWLF ¢EUHV KDYH GRPLQDWHG WKH F
VIOQOWKHWLF ¢EUHV DFFRXQWHG IRU RI WKH WH[WLOH
DORQH DFFRXQWHG I|IRU 7TH[WLOH ([FKDQJH 7KH
WH[WLOH ¢EUH LV FRWWRQ ZKLFK DFFRXQWHG IRU RI .

Billions - o— (XURSHDQV DQQXDOO\ GLVFDUG NLORJUDPV RI FORWKL
125 PLOOLRQ WRQQHV (XURSHDQ &RPPLVVLRQ *OREDC
HQGV XS ODQG¢OOHG RU EXUQHG HYHU\ VHFRQG +RZHYF
» WH[WLOHYVY DUH UHF\FOHG LQWR QHZ FORWKLQJ (XURSHDC(

100 /

/ 7KH (XURSHDQ &RPPLVVLRQ KDV GHYHORSHG UHJX
/ UHF\FOLQJ RI WH[WLOHVY 7KHVH LQFOXGH VHWWLQJ SUF

HIWHQGLQJ SURGXFHU UHVSRQVLELOLW\ LQ ¢EUH UHF\FOI
FRQWHQW RI UHF\FOHG ¢EUHV 7KH (XURSHDQ &RPPLVVLF
/ UHVHDUFK DQG UHVRXUFH HAdFLHQW PDQXIDFWXULQJ SURF
FLUFXODU EXVLQHVYVY PRGHOV 6RRQ HQRXJK ¢EUH UHF\FO
/ WKHUHIRUH HVSHFLDOO\ (XURSHDQ WH[WLOH ¢EUH SURG.
UHF\FODELOLW\ $V RI (8 PHPEHU VWDWHYV ZLOO EH |

/ WH[WLOH ZDVWH FROOHFWLRQ (XURSHDQ &RPPLVVLRQ

75

— )LQODQG KDV LPSOHPHQWHG D QDWLRQZLGH UHTXLUHPI
/ RI WH[WLOH ZDVWH IURP WKH EHJLQQLQJ RI DKHDG
25‘/ 7 ) 6 XRPHQ 7HNVWLLOL OXRWL 7KLV KDV SUHVHQWHG

DQG H[SRUW HAdFLHQW PRGHOV IRU WH[WLOH FROOHFWLR
programmes focusing on the development of models for textile circularity include
—!Fi WKH )LQL[ UHVHDUFK SURMHFW RQ VXVWDLQDEOH WH[WLC

125
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7KH UHF\FOLQJ PHWKRG IRU WH[WLOHV LV GLFWDWHG

Figurel *URZWK RI ZRUOG SRSXODWLRQ DQG SURGXFWLRQ YROXPH RI WH[W OV 7KH VSHFL¢{F W\SH RI PDWHULDO SRO\PHU

6RXUFH DGDSWHG IURP 6WDWLVWD 5HVHDUFK '"HSDUWPHQW 8QLWHG,1 I:|j| 4 . . . . .

plasiic, detefmines the appropriate recycling approach. This section discusses
7KH SURGXFWLRQ RI WHI[WLOHYV KDV LQFUHDVHG ¢(YHIROG VLQFH WAKH. O YW\ RAKIHQ 3 RRS XFOHDDVOXFORVLF WH[WLOH ¢EUHV ZKLFK D
KDV PHUHO\ GRXEOHG DWWBbBWQWOQOD)BHVWHIDUFK '"HSDUWPHQW . ) .
8QLWHG 1DWLRQV , Q WKH DYHUDJH DQQXDO JOREDO WH[W, F‘r_}%P FLW&'?@%;L%%ULY/VRWC’KEHU\H/WUUHHF“\:JS/)VLKQ‘[]) RCIS ';HROC\)]);\O(IEV\\/I
FDSLWD ZDV NLORJUDPV ZKHUHDV WKH DYHUDJH (XURSHDQ FRQ Eéiﬂqﬁp L0J SURFHVV WQKH OHQSQWK RIQVWDSO
RI WH[WLOHV (XURSHDQ &RPPLVVLRQ 7KH FRQVXPSWLRQ RI FORV AW Sh V%%QJWK 5LVVDOHQ HW DO $OWKF
WR ULVH D IXUWKHU E\ LQ (XURSH (XURSHDQ &RPPLVVLRQ

H[LVW WKLV VHFWLRQ IRFXVHV RQ FKHPLFDO UHF\FOLQJ
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Figure2 &DWHJRULVDWLRQ RI WH[WLOH ¢(¢EUHYV
6RXUFH DGDSWHG IURP ODWKHU :DUGPDQ

Glass fibres
Metal fibres
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5HF\FOLQJ FDQ EH GRQH LQ WKH SUH RU SRVW FRQVXPHU VWDJH RIPMOK ¥X®$ R IFKW LHONV D O S
7TH[WLOH IRU SUH FRQVXPHU UHF\FOLQJ FDQ EH FROOHFWHG IURP_ZDVWH JHQHUDWHG 1Q

WKH ¢EUH SURFHVVLQJ \DUQ VSLQQLQJ WH[WLOH ZHDYLQJ NQLWWLQJ FXWWLQJ CdRdy Sved Zintep J Hardwood Stems
SURFHVV 21 FHOOXORVLF ZDVWH SURGXFHG GXULQJ WKH SUH FRnggﬁuﬁ»SHu WHIWLOH _ VXSSOV N
FKDLQ LW LV HVWLPDWHG WKDW FRXOG EH PHFKDQLFDOO\ RU FKHBPLEBOOV UHF\FOHG 6HLVO -
+HQJVWPDQQ S 3RVW FRQVXPHU WH[WLOH UHF\FOLQJ D/¢emeeiupsex vHG R B-20% +
GLVFDUGHG ZDVWH DV IHHGVWRFN 7KH OHYHO RI ZHDU DcHFWV WKHJ4HVXOWLQJ Upb\FOHG ¢(¢EUH [18 250%

TXDOLW\ DOWKRXJK VRPH FKHPLFDO UHF\FOLQJ PHWKRGV FDQ LPSURYH ¢EUH TXDOLWY LOQ
FRPSDULVRQ WR SUH UHF\FOLQJ $ GLAFXOW\ LQ SRVW FRQVXPHU TBR¢IF&EHQIH U ¥ HRRMPWH (R} FHOOXORVH KHPLFHOOXORVH DQG O
WH[WLOHV UHTXLULQJ PDQXDO VHSDUDWLRQ Rl WH[WLOH PDWHULRIYFHQBGCDFWHEVIRBPHWLYONHtHQIJVWPDQQ S

ILSSHUV DQG EXWWRQV /ILIQLQ IXQFWLRQV DV D 3JOXH" EHWZHHQ WKH SODQW FHC
/IHQ]JLQJ $* ODXQFKHG WKH ¢UVW FRPPHUFLDOO\ DYDLODEOH UHF\FOEHREQWARFOR *BQWIDRQ LR SXOS +HPLFHOOXORVHV DUH

O\RFHOO ¢(EUH B5H¢EUDE LQ 6HLVO +HQJVWPDQQ S BHJOUBRYH DQG RWKHU VXJDUV 7KH KHPLFHOOXORVH P
SURGXFWLRQ LQLWLDOO\ LQFOXGHG SUH FRQVXPHU FRWWRQ ZDVWH Q® INHRYVRM FNURKRFKHQ EUDQFKHG DQG KDYH ORZHU
ZDV LQFUHDVHG WR LQ &DR HW DO S 2WKHU FRPSDQLHMWKDRE BHUVRQP WR FHOOXORVH ODWKHU :DUGPDQ

UHIJHQHUDWLYH FHOOXORVH FKHPLFDO UHF\FOLQJ LQFOXGH ,Q¢ QL WsHuetuyesoHNemicHIPI@sEsCake aktodhat of cellulose, making their complete
$JDLQ (YUQX 6D[FHOO DQG 7\WRQ %LR6FLHQFHV 6HLVO +HQJVWI’-§ID@8{1_)Challenging.. W\SH FHOOXORVH LV GHVLUHG AMaRdI SURGXFH
A FHOOXORVHY KDYH ORZHU PRODU PDVVHVY DQG ZRUVHQ

$OWKRXIK WKH UHF\FOLQJ RI FHOOXORVH EDVHG WH[WLOHYV LV Svakllzw_kI—FWRV%LQQUSLQ%%\Vé)Lé%LI{bLJQ%QWKHU ‘DUGPDQ
UROH $V RI QRZ WKH SURFHVVLQJ RI YLUJLQ UDZ PDWHULDOV LV PRUH HFRQRPLFDOO\ YLDEO

DQG WKXV LQYHVWPHQWY LQWR QHZ UHF\FOLQJ V\VWHPYVY DUH ODFNLQJ 6HGHMKROP

. 5HIHQHUDWHG FHOOXORVH ¢EUHV DOVR FDOOHG PDQ PD
&HOOXORVH IXQFWLRQV DV D VWUXFWXUDO HOHPHQW 3WKH VNHOI—F ﬁ’_'BL\E LCS%PHFN'__' %@W\E l\/\H/HSGUVRV\é;F§<IT:’:I/VL$RV VTXXFDKOLV\\//VIT
%HVLGHY EHLQJ WKH PRVW ZLGHVSUHDG RUJDQLF FRPSRXQG RQ (D HE 'E% BEJ(HH BI—|VUBF§/ FHO%XORVH 'EUHVQLV FXUUHC
WKH PRVW DEXQGDQW QDWXUDO SRO\PHU ODWKHU :DUGPDQ &U D8 ﬂz % LOH SURGXFWLCI’?Q DQG H[SHFWH:
VDFFKDULQH DV LWV EDVLF HOHPHQW LV JOXFRVH ZKLFK FRQVLV\)%%/ F Fé@(ﬁlﬁﬁﬁ%ﬁ . EUHV FDQQRW EH PHW E\ FRWW
DQRG R[\JHQ LQ D ULQJ OLNH IRUP :XOIKRUVW HW DO S K 5) . ED.O v ¢ DJH RI FHOOXORVLF WH[WLO!|
PROHFXOHY DUH ERQGHG WR IRUP OLQHDU FHOOXORVH PROHFXOHVP 7K¢|V @‘LQ(\@ %ﬁgﬁ)ﬁ% +XPPHO HW DO D
KLJK FU\VWDOOLQLW\ DQG LQWHUPROHFXODU K\GURJHQ ERQGLQJ KLb% l[ﬁ_ O % 9
HLWKHU PHOWLQJ RU GLVVROYLQJ LQ FRPPRQ VROYHQWY ODWKHU 9LVERRFPBQAYV WKH PRVW GRPLQDQW Rl UHJHQHUDWHG FHO
RI WKH PDUNHW GXH WR LWV ORQJ KHULWDJH DQG WKHX
7KH OHQJWK RI WKH FHOOXORVH SRO\PHU PHDQLQJ WKH QXPEHU RI ‘bg(X/'WO/LFbBB\QI—de(SChW\{_WLRQ 6WDWLVWD 5HVHDUEK 'HSD
ERQGHG WR FUHDWH WKH FHOOXORVH PDFURPROHFXOH FRQVWIWXWHY, WKH, \CHVUEHrREBYXEFHG UHODWLYHO\ DcRUGDEO\ E
SRO\PHUL]DWLRQ '3 :XOIKRUVW HW DO S 7KH UHSHWLWLRQ RN {SWVHOANLYHO\ 3DUDMXOL HW DO S 6HLVO
PROHFX_OHV I__Q FHOOXOR\_/H RFFXUV I__Q GLc_HUHQW FU\WWDOOLQH IRURY \\Q MY %%W%&PPV\Y\W&&%'T—" DOG WHDULQJ HVSHFLDC
cellulose chams_consst of orde_red crystalline celluloselsec_tlons and dlsqrdered ZDV PRGL{HG WR FUHDWH D (EUH ZLWK KLJKHU ZHW PRGX
amorphous regions. By chemical treatment and mechanical deformation an ODWKHU ‘DUGPDQ S
DOORPRUSK QDPHG FU\VWDOOLQH(FHWKIOXDRYHW BDQ EH REWDLQHG
As the production of viscose and its varieties is chemically intense, alternatives

7KH PRVW SURGXFHG FHOOXORVLF WH[WLOH ¢EUH LV FRWWRQ 7KWXH}£%Q/GOPFRW%§W>HFE‘@HQ GHYHORSHG 7KH PRVW NQR.
DUH UHJHQHUDWHG FHOOXORVH (EUHV ZKLFK DUH FRPPRQO\ SUNI@I\XCF&'S‘Q)IVBW'LIgtﬁéﬁoﬁ)dtﬁt%noflyoce”,ceIIqusepquisdissolveddirectly
EDPERR 'LcHULQJ IURP FRWWRQ VHHG OLQW ZKLFK FRQVLVWYV RI FDO®&WHWR $XYHF ANAFPSAWOPRV HZLWKRXW GHULYDWLYH IRUPD)

KDUG ZRRG VWHPV FRQWDLQ RQO\ FHOOXORVH DV VHH:@U_QPB%EOH S S 7KLV UHVXOWYV LQ FRQVXPLQJ (
7KH RWKHU PDWHULDOV SUHVHQW LQ KDUG ZRRG VWHPV DUH KHPLHHE QXPRVHV IPRPOREHEL R\ +HOVLONL 8QLYHUVLW) DQG $I
BULRU WR SURGXFWLRQ RI UHIJHQHUDWHG WH[WLOH ¢(¢EUH KDUG ZRB\QRNW%@WWVV&/@I@MEXWLOL]HV WKH LRQLF OLTXLG
pulping to remove lignin and hemicellulose to attain high levels of pure cellulose DFHWDWH DV FHOOXORVH VROYHQW OLFKXG HW DO S



. HIWUXVLRQ ODWKHU :DUGPDAQ SS R 7TKH EURZ

UHPRYHG E\ EOHDFKLQJ $W /HQ]JLQJ EOHDFKLQJ RFFXUYV

ORGDO LV FODVVL¢(¢HG DV D KLJK ZHW PRGXOXV YLVFRVH ¢EUH +LQ3RV¥/\H¥‘H<G S1ZHWG R[\JHO RJRQH DQG K\GURJHQ SHUR[LGH
moduusR ~ F1 WH[ %,6)$ ODWKHU :DUGPDQ 7KH SURGXFWLRQ Rlgs R

PRGDO LV FRPSDUDEOH WR WKDW RI YLVFRVH DSDUW IURP WKH VSLQQLQJ SURFHVV 'XULQJ

WKH VSLQQLQJ SKDVH ¢(¢ODPHQWY DUH VWUHWFKHG WR D KLJKHU GHOIKH B XYW XDLLRISWRHHWYLEHVEIOPWY LQ PLOOLPHWUH WKLF
RI YLVFRVH WR DFKLHYH KLJKHU WHQVLOH VWUHQJWK :DQJ HW DO FHOOXIO-HRXHIRRG W UHKMHKLFHOOXORVH &ORVH WR DOO F
UDWLR LV HQDEOHG E\ D PRGL¢{¢HG VSLQQLQJ VROXWLRQ UHFRYHUHG LQ SXOS PHDQLQJ RI WKH RULJLQDO ZRR:

WRFN LV FRQYHUWHG LQWR E\ SURGXFWYV VXFK DV IXUIX

%
ORGDO ¢(EUHV DUH YHU\ (QH ZLWK D OXVWHU VKLQH DQG JORVV UHVHREOLQH MWKPAW R VLQN LS%@LD\(})HUDWHG WR SURGXFH VWHI
HW DO W LV RIWHQ XVHG IRU IDEULF WKDW LV FORVH WR WKH BNl p@LNH XQGHUJIDUPHQW

DQG VRFNV ,W FDQ DOVR EH XVHG IRU KRXVHKROG WH[WLOHV OLNH EDWKUREHV EHGGLQJ DQG
WDEOHFORWKY W LV XVHG RQ LWV RZQ DQG LQ ¢EUH EOHQGV ZLWK IRU*H[DPSOH FRWWRQ ZRRO

RU VIQWKHWLF ¢EUHV 5DQD HW DO ORGDO UHSUHVHQWYV R KHMHI % k{// ,
FHOOXORVH ¢EUH PDUNHW 6WDWLVWD 5HVHDUFK '"HSDUWPHQW ?/l)%(%PPVDU ]é'ﬁ% F—bmt‘z’%ﬁ[)o ¢EUH SURGXFWLRQ SURFHVV DL
PRGDO ZHUH SURGXFHG LQ 7KH )LEHU <HDU

7R WXUQ WKH FHOOXORVH SXOS LQWR PRGDO WH[WLOH ¢E!
VRDNHG DQG WKHQ VTXHH]HG WR DFKLHYH D PRLVWXUH
The several stepts of modal production are explained in this section. Modal is steeped in asodium hydroxide solution, converting the pulp into alkali cellulose

SURGXFHG RI KLIJKO\ UH{QHG %HHFK ZRRG SXOS )LUVW FHOOXORVH$&XOGXpIXWW WH H PHOWRIPE UHDFWLQJ ZLWK WKH K\GURJ[\O
E\ LVRODWLQJ FHOOXORVH IURP RWKHU PDWHULDOV IURP ZRRG S5HMHIHAIDWHG FHITONYYRAM LV SUHVVHG RXW RI WKH PL[W

¢EUHV DUH FRPPRQO\ SURGXFHG RI SUHK\GUROLVHG NUDIWSXOS RIKF{I—IS{‘)%%I[J:(SJLH'P—‘WHS’X%\RVH LV WKHQ DJHG IRU D GD\ LQ D
sulphite process. The sulphite pulping process is used for feedstock production

oxjdative r ion of the cellulose chains and a decrease in molar mass.
E\ /JHQJLQJ LQ $XVWULD $IWHU SXOSLQJ ZRRG (EUH SURGXFWLRQ LQD%'%@?@?‘(F&OSKLGH U D eXD OOl DeeHG WR WKH DOND

. during rotation in a vacuum, resulting in cellulose xanthate. The sodium cellulose

[DQWKDWH LV GLVVROYHG LQ +* VRGLXP K\GUR[LGH VRO
7R SURGXFH WKH SXOS FHOOXORVH PXVW (UVW EH LVRODWHG IURR RNKHM R WHYERLY G XLG /HQ]LQJ 7KH OLTXLC

WKH VWRFN 7R DFKLHYH WKLV ZRRG LV SXOSHG VLPLODUO\ WR W KBl MK H M RIGEF WILRER Rl W\ 7R DYRLG GLVUXSWLRQV

SDSHU )LUVWO\ ORJV DUH PHFKDQLFDOO\ GHEDUNHG DQG FKLSSHC@;N@W@DWHE,HM@BHML@NHU,_QJ WKH VSLOOLQJ SURFHVV
SLHFHV 1H[W WKH ZRRG FKLSV JR WKURXJK D SXOSLQJ SURFHVV WR UHPRYH OLJQLQ DQ

KHPLFHOOXORVH DPRQJ RWKHU H{WUDFWDEOH PDWHULDOV ZKLOH PDKID LY F XM @H K-GO RROUXGHG WKURXJIK EP KROHV
Rl FHOOXORVH WR D GHVLUHG GHJUHH Rl SRO\PHUL]DWLRQ '3 VSLQRQLQJ EDWK 8QOLNH WKH VSLQQLQJ EDWK LQ YLVFRVE

PRGDO GRHV QRW FRQWDLQ JLQF 5DQD HW DO 7KH E
'XULQJ WKH VXOSKLWH SURFHVV ZRRG FKLSV DORQJ ZLWK D PL[WXUHRRISRRIQH RIOXR IRVX@HXULF DFLG + 62 VRGLXP VXOSKDV

DQG VXOSKXU GLR[LGH DUH VWHDPHG DW GHJUHHV &HOVLXV XQpkpk [ﬁplé\é(§\l.|l|w4<\46%|¢|_| JO\FROV DON\ODPLQHV DQG Sk
IRU DURXQG KRXUV 7KH FRPELQDWLRQ RI PDIJQHVLXP R[LGH DQG VXO Sk FQR"-CBL[kﬁUV EDWK WHPSHUDWXUH DQG TXLFNHU

IRUPV PDJQHVLXP ELVXOSKLWH $V D UHVXOW RI WKH ELVXOSKLWH $YRFHNYDWRRFHPREEBYXBRVH UHVXOWLQJ LQ ORZHU Gt
materials, such as sulfonated lignin and hemicelluloses are almost entirely

VHSDUDWHG IURP FHOOXORVH E\ GLVVROYLQJ LQWR OLTXRU 7KH v SIEIaI(IQInW'OLTXRU FRQWDLQLQJ

QRQ FHOOXORVH PDWHULDOV LV WKHQ LQFLQHUDWHG DOORZLQJ KHOWUHMFOMLAXEIRDPHOWY P UH FROOHFWHG LQ WRZV D(
DFHWLF DFLG WR EH UHFRYHUHG IRU UHXVH 7KH SXOS LV UH¢QHGDWRJIKUGNHIWH U HPRYRZWRH IRU FHOOXORVH FKDLQV WR El
UHPDLQLQJ KHPLFHOOXORVHY DQG OLJQLQ 7KH UH¢{QLQJ LV GRQH BELPHIMLRR ¢ YMWPFLPLW\ ODWKHU :DUGPDQ 7KH HJ
FDXVWLF HIWUDFWLRQ DQG EOHDFKLQJ ODWKHU :DUGPDQ S¥Kig PHFKDQLFDO SURSHUWLHV RI WKH ¢(¢EUH VXFK DV W

ZKLOH UHGXFLQJ ZDWHU UHWHQWLRQ ODWKHU :DUGPDC
'LDO\VLV RI VWHHSLQJ OLTXRUV DQG QDQR{OWUDWLRQ WHFKQLTXHW Ry X Gy WB WP RV K )LODPHOWY DUH FXW WR D |

KHPLFHOOXORVHV IURP WKH SXOS DIWHU ZKLFK RQO\ D IUDFWLRQ RIpKpp PHQANLBRYEY HHPBURVWKRURXJIJKO\ ZDVKHG DQG G U

ODWKHU :DUGPDQ SS R 21 WKH UHPDLQLQ]J KHPLFHOOX@WW%L@’%%LVKL J SULRU WR SURFHHGLQJ WR WKH VWD.
A IRUP UHPDLQV LQ WKH VSLQ EDWK ZKHUHDV WKH A IRUP PHUJHV LOQWR WKH ¢EUH GXULQJ









comes from the production of caustic soda, one of the essential input materials
IRU SXOS DQG PRGDO ¢EUH SURGXFWLRQ 6KHQ 3DWHO SS *- —

JXUWKHUPRUH WKH LQWHJUDWHG $XVWULDQ /HQ]JLQJ ORGDO SURGXFWLRQ ZLWK AR
FKHPLFDO UHFDSWXUH DQG UHF\FOLQJ FDXVHV ORZHU SURFHVV HPLVVLRQV.RI IRU H[PPSOH
62 DQG 12[ LQ FRPSDULVRQ WR WKH /HQ]JLQJ 9LVFRVH VLWH LQ $VLD 7KH ORZHU SURFHVV

emissions lead to less negative impacts on human toxicity, photochemical oxidant J
IRUPDWLRQ HXWURSKLFDWLRQ DQG DFLGL¢{¢FDWLRQ 6KHQ 3DWHO

2.7. loncell S

,RQFHOOS LV D W\SH Rl O\RFHOO SURFHVV /\RFHOO LV GH,QHG DV 3 FHOOXORVLF EUHV REWDLQHG
E\DQ RUJDQLF VROY HQW B %IKHYL Q:D 8GR BHV \LyocellS
W\SH SURFHVVHV JHQHUDWH (EUHV WKDW SRVVHVV KLJKHU WHQVLOH VWUHQJWK LQ FRPSDULVRQ
WR YLVFRVH W\SHV FORVH WR WKDW Rl SRO\HVWHU 3DUDMXOL HW DO J\RFHOO (EUH\ DUH

WKH RQO\ UHJHQHUDWHG FHOOXORVH (EUHV WKDW DUH VWURQJHU WKDQ FRWWRQ ZKHQ ZHW 7KH\
DEVRUE PRLVWXUH ZHOO DQG H[KLELW OHVV ORVV RI IRUP ZKHQ ZHW /\RFHOO ¢(EUHV DUH
.QH DQG FDQ EH PDGH LQWR VRIW DQG OLJKWZHLJKW IDEULFV FRPIRUWDEOH WR EH XVHG|[LQ
FRQWDFW ZLWK WKH VNLQ

/[LNH YLVFRVHV O\RFHOOV DUH FRPPRQO\ SURGXFHG RI ZRRG SXOS +RZHYHU WKH O\REHOOV
process is far less complex than the viscose process. In the production of lyocell
(¢EUHV FHOOXORVH SXOS LV GLVVROYHG GLUHFWO\ DQG FRQWLQXHV WR H[WUXVLRQ ZLWKRXW
EHLQJ FRQYHUWHG LQWR D FKHPLFDO GHULYDWLYH 7KH PRVW FRPPRQ O\RFHOO SURFHVYV
7THQFHO XVHV 1002 DV VROYHQW ZKLFK KDV VKRUWFRPLQJY LQ WKHUPDO VWDELOLW\
ODWKHU :DUGPDQ S 6L[W.D7KHMW RQFHOOSS

SURFHVV VROYHQW LV PRUH VWDEOH DQG WKH VSLQQLQJ WHPSHUDWXUHYV DUH ORZHU UHGKFLQJ
HQHUJ\ FRQVXPSWLRQ +XPPHO HW DO E

7KH ,RQFHOOS SURFHVV XVHV DQ LRQLF OLTXLG GLD]D ELF\FOR> @QRQ HQLXP
DFHWDWH >"%1+@>2%F@ WR GLVVROYH FHOOXORVH LQWR DQ H[WUXGDEOH YLVFRXV OL
6L[WD HW DO S ,RQLF OLTXLGYV DUH RUJDQLF VDOWYV ZLWK PHOWLQJ SRLQWYV
EHORZ f& 2WKHU LRQLF OLTXLGY WKDW KDYH EHHQ H[SHULPHQWHG ZLWK LQ WKH ,RQF
SURFHVV LQFOXGH PHWK\O WULD]DELF\FOR > @ GHF HQHQLXP DFHWDWH
SP7%'+>2%$F@ DQG GLD]DELF\FOR> @XQGHF HQLXP DFHWDWH >'%8@
>2$F@ 8VLQJ WKH IRUPHU ¢(¢EUH WHQVLOH VWUHQJWKYV RI F1 WH[ KDYH EAHQ UHDPKNG

DQG WKH ODWWHU F1 WH[ (OVD\HG HW DO ,RQLF OLTXLGY KDYH EHHQ GHHPHG
DWWUDFWLYH GXH WR EHLQJ QRQADPPDEOH VWDELOH WKHUPDOO\ DQG HOHFWURFKHPLFDOO\
DQG KDYLQJ H[FHOOHQW FHOOXORVH GLVVROYLQJ FDSDELOLW\ ,VODP HW DO S

2ULJLQDOO\ GHYHORSHG SURGXFLQJ WH[WLOH ¢(¢EUH RXW RI ZRRG SXOS WKH ,RQFHO()é\L
SURFHVV KDV EHHQ SURYHG VXLWDEOH WR UHF\FOH FRWWRQ KHPS DQG ,RQFHOO |(EUHV

DPRQJ HOVH 2MKD SLVVDQHQ HW DO 6HGHUKROP 7TKH >"%1+@

>2$F@ VROYHQW ZDV IRXQG WR EH UHF\FODEOH IURP ZDWHU ZLWK DQ DYHUDJH UHFRYHU\}
UDWH RI ZW DQG ORVVHV ZHUH FODLPHG WR EH FDXVHG E\ ODERUDWRU\ FRQGLW|LRQV
3DUYLQHQ HW DO ,Q WKH VDPH VWXG\ FHOOXORVH LQ WKH SXOS ZDV QRW IRXQG WR

GHJUDGH GXULQJ VROYHQW UHF\FOLQJ EXW LW GLG KRZHYHU JUDGXDOO\ GDUNHQ &HOOXQRVH
SRO\PHU GHJUDGDWLRQ LV PLQLPDO ZKHQ GLVVROYHG LQ >'%1+@>3@Er@8 Ighkel BK, ¥ SHI DNV
RI WKH PLOG FRQGLWLRQV RI WKH SURFHVYVY 5LVVDQHQ HW DO pfoduction process




loncell SFibre Production $V WKH IHHGVWRFN IRU UHF\FOLQJ LV SUH SURFHVVHG F

7KH UHF\FOHG PRGDO VWXGLHG LQ WKLV WKHVLV LV SURGXFHG é‘:\’s rocﬁs g Jiks éestry@g%pu'%FSOLd;CSOHV\%dtseglf?\llergn[nsnjtalWKH W
production process. 7KH VWHSV LQ WKLV SURFHVV EHJLQQLQJ ZLWK WKH G

ul ted in thi i d ized in Fi 8 UDQVSRUWHG :RROULGJH HW DO
cellulose are presented in this section and summarized in Figure 8. VHSDUDWHG IURP SRO\HVWHU ZLWK O\RFHOO WHFKQRORJ

%HVLGHV KLJKO\ UH,QHG FHOOXORVH SXOS ,RQFHOOS (EUHV FDQ Z G URYV¥ROY RILQRIAWY DQG ,RQFHOOS VROYHQWYV =DPLC
FHOOXORVH FRQWHQW SXOS DQG FHOOXORVLF ZDVWH DOORZLQJ IRDOUHF\FOZIQUFBEQE- X VWQDWEBEMRIUWLQJ RI WH[WLOH ZDVWH!
UHVRXUFH PDQDJHPHQW 6KHQ 3DWHO S +XPPHO HW DO RIESBVW FRQVXPHU WH[WLOH UHF\FOLQJ LQ 6ZHGHQ =D
7KH ¢EUH UHVXOWLQJ RI WKH ,RQFHOOS SURFHVV LQ WKLV VWX G Yegidry toSxsRae grridogmegtalirguacts related to the collection of textiles and

SUH FRQVXPHU PRGDO ¢EUH DV IHHGVWRFN 7KH SUH FRQVXPHU PRWHEHLAEWH BRUVYRGMBDWLRQ WR UHF\FOLQJ VLWHV 7KH\ EI
QHHG WR EH WUHDWHG SULRU WR FHOOXORVH GLVVROXWLRQ $V VXE@XLIKK FORQFHU RSWYRKD RPSPDEMWY UHVXOWHG E\ LQ VWR

,RQFHOOS (EUH SURGXFWLRQ EHJLQV IURP GLVVROXWLRQ RI WKH PQBDGL(,QEJUHQ WKH FDVH RI UHF\FOLQJ SUH FRQVXPHU PRGI
VVXPHG WKDW FROOHFWLRQ ZRXOG RFFXU ZLWKLQ WKH V

7KH OLTXL,HG >'%1+@>2$F@ LV PL[HG ZLWK GU\ FHOOXORVLF PDWWHle—KlR]GVP&q,g,Q EHB GLVWDQFH EHWZHHQ VLWHV  ZKLFK
FRQVLVWHQF\ RI LQ D YHUWLFDO NQHDGHU DQG VWLUUHG DW g&HuU

PEDU Rl SUHVVXUH 6L[WD HW DO 7KH FHOOXORVH FRPSOHV\FHD(B’\DGLVHWODEDV DIWHlDVVHVVHG WKH FDUERQ IRRWSULC
PLOQXWHV DQG LV (OWHUHG ZLWK D K\GUDXOLF SUHVV (OWUDWLRQHSEMYSRY WOR HEWWRQHYR@\HVWHU WH[WLOH ZDVWH 2Ql
FRQVLVWHQF\ DQG WR UHPRYH UHPDLQLQJ VROLGYV 6L[WD HW DO VHSDUDWLQJ FRWWRQ DQG SRO\HVWHU ZLWK 1002 VROY
OOXORVLF PDWHULDO LQWR QHZ ¢(EUHV YLD O\RFHOO

7KH OLTXLG LV WKHQ H[WUXGHG WKURXJK WLQ\ KROHV RI D VSLQQ:I—#Q RV L B YWRY %@‘%WLQJ WKH JOREDO ZDUPLQJ SRV

¢cODPHQWYV SDVV D FP DLU JDS EHIRUH GLYLQJ LQWR D FRDJIXQPD #BQQ%DFW'@VWQERZ%Q/ |RXQG WR EH WKH DYRLGDOFH RI .
ZDWHU GHJUHHV FHOFLXV 6L[WD HW DO 6WUXFWXUH IRUPDWLRA, B U\Y WRREE-Q H HOHUJ\ DOG  WRQQHV F

FHOOXORVH EHJLQV LQ WKH FRDJXODWLRQ EDWK )LODPHQWYV DUH IXL @ EwWWY B WV & MQW\M\P%QQI&V\YHG WR EH VDYHG E\ UHF\

DQG JDWKHUHG LQWR WRZV $IWHU JDWKHULQJ ,ODPHQWYV DUH vagly,gé;v WERD R QIWKVYORERWWRO SROVHVWHU ¢EUH =DPD«
PP )LEUHV FDQ WKHQ EH ZDVKHG DQG VSLQ ¢QLVKHG
7KH O\RFHOO UHF\FOLQJ WKDW =DPDQL HW DO DVV

5HVRXUFH (IAFLHQFS Rl ,RQFHOO W\SH 5HF\FOLQJ YLUJLQ ,EUHV FRQVLVWLQJ RI FRWWRQ DQG SRO\H

$ OLIH F\FOH DVVHVVPHQW WKDW UHAHFWV LQGXVWULDOLVHG ,RQHRHYI\ SYURRPQEG RY FHRGRIWLRQ RI D WRQQH RI FRWWR
EH VXdFLHQWO\ HVWDEOLVKHG DV WKH SURGXFWLRQ LV UXQQLQJ IF& RSPMRAHK R DNKDW KR /HQ]JLQJ ORGDO *- T7DEOH
HQYLURQPHQWDO LPSDFWV RI WKH ,RQFHOOS SURFHVV DUH FRPSDYBEBHOW P RWKRAWLROWKH RGDO ¢(EUH NJ &2 HT LV F

7HQFHO SURFHVV 7KH SURFHVVHV GLcHU E\ XVHG VROYHQWV DQG $RMMURQ $AP\SIYWHWXxuHyY NJ &2 HT 7DEOH TKXV WKH
6LQFH WKH ,RQFHOOS UHF\FOLQJ SURFHVV KDV QRW \HW EHHQ DVVHERWHEWKP B J Y &XVW AR UHSODFLQJ PRGDO WKDQ FRW

scale, its predicted impacts rely on assumptions of foreseen technical solutions,
IJXLGHG E\ FRPSDUDEOH SURFHVVHV $V VXFK WKLV DVVHVVPHQOW L\ &R pwL vu Energy use
7KH HQYLURQPHQWDO EHQH¢WV RI UHF\FOLQJ GHSHQG RQ WKH LQ\Lyoce”reCyC“ng - WRQQHA RTVWDSON cEUR

& , *
UHF\FOLQJ LV XVHG VROHO\ WR LQFUHDVH WRWDO WH[WLOH ¢EUH SIEREHy 'E‘Q@ﬁ@,@@‘ﬂi 'FI?VODFLQJ - WRQQH|RI VWDSC
DQ\ YLUJLQ ¢EUH PDQXIDFWXULQJ RU RWKHU SURFHVVHV WKHUH DUF@BWMWGWLSG’@@%HW\N%% - WRQQH RI VW
EHQH{;WV 5RRV HW DO SS +RZHYHU ZKHQ YLUJLQ (EUH |PROXHD/AMWNKXUELEBYH SURGXFWLRQ *~ WRQQH RI V\
RU GLVSRVDO RI ZDVWH LV VXEVWLWXWHG E\ UHF\FOLQJ VLJIQL¢FD QWRRWON R G RO VAR A E HPBIR BYRG X FWLRQ “. WRQQF

FDQ EH DFKLHYHG 7KH H[WHQW RI WKHVH EHQH;WV LV GHWHUPLQHG EVvYWKH DPRXQW DQG
W\SH RI YLUJLQ PDWHULDO SURGXFWLRQ DQG ZDVWH WKDW LV DYRab&R GQH W \UAHRQY WRRWL MR RW KEHUH SURGXFWLRQ SURFHVVHYV

HOYLURQPHQWDO EXUGHQ DVVRFLDWHG ZLWK UHSURFHVVLQJ RR@RS)ULLR}UI-DGWI\BVDI'@G IURP -DPDQL HW DO DQG 6KHQ 3DWH
S 'KLOH WKH HOYLURQPHQWDO EHQH:;WV RI UHF\FOLQJ WR L HDVaIIE

SURGXFWLRQ PD\ EH OLPLWHG UHF\FOHG ¢EUH LV VWLOO D IDYRXQr % %e osr9 eDn)‘irgyV\?eEinsvf;eésmgﬁ';?iGHG -
WKH JURZLQJ PDUNHW GHPDQGV DQG PDQDJLQJ WKH SUHGLFWHG v '&dlﬂ[ ODWLRQ RI O\RFHOO :EUH UHF\

¢EUHV GLVFEXVVHG E\ +XPPHO HW DO D DPRQJ RWKHUV ZKLFK GDWD LV UHWULHYHG IURP WKH VWXG\ E\ =DPDQL H



Fibre Net Global Warming Potential ¢
/HQ]LQJ ORGDO $XVWU|LD NJ &2 HT/WRQQH RI VWDSOH ;&UH
Cotton NJ &2 HT WRQQH RI'VWDSOH ¢(EUH JLEUH WHQVLOH WHVWV ZHUH SHUIRUPHG RQ D )DYLJUDS
Polyester NJ &2 HT WRQQH RI|VWDSOH ¢EUH PDFKLQH DFFRUGLQJ WR WKH 6)6 (1 ,62 VWDQGDUG 7Kt
\ ; IRUFH_DQOG HORQJDWLRQ DW EUHDN ZHUH GHWHUPLQHG Il
&RWWRQ SROVHVWHU EOHQG NJ &3 HT WRQQH RI VWDg@R iAfl/fRo RIT  RU OHVV RI HDFK UHF\FOHG PRGDOYV C
Table 10 *OREDO ZDUPLQJ SRWHQWLDO Rl ¢;EUH SURGXFWLRQ SURFHVVHv > ‘5 LQ ERWK FRQGLWLRQHG DQG zHW VWDWH 7KH ¢
6RXUFH DGDSWHG IURP =DPDQL HW DO DQG 6KHQ 3DWHO DQ HQYLURQPHQW RI f& DQG UHODWLYH KXPLGLW\ ¢
) WHVWY ¢EUHV ZHUH VXEPHUJHG LQ GH LRQLVHG ZDWHU
7KH DVVHVVPHQW Rl ,RQFHOOS UHF\FOLQJTV UHVRXUFH HAFLHQF\ Y'Y USQGIEDW® LOHDGIIK IWRRI PLOOLPHWUH OHQJWK ZLWK
OLPLWHG LQIRUPDWLRQ $OWKRXJK ¢(JXUHV E\ =DPDQL HW DO O IGRH R W HOLWMIHWFAW @M VWLQJ VSHHG ZDV PLOOLPHWUH St

DSSO\ WR ,RQFHOOé UHF\FOLQJ RI PRGDO GXH WR GLcCHUHQFHV LQ IHHGVWRFEFNV DQG FHOOX'ORVH
solvents, they can serve as guidelines. When assessed, textile recycling is often /KH GDWD IRU PRGDO (EUH XVHG IRU FRPSDULVRQ ZDV |

FUHGLWHG IRU UHSODFLQJ WKH SURGXFWLRQ RI YLUJLQ ¢EUHV RU v@k‘#'ﬁ@ﬂ%@bvﬂ-h‘ REWHIWPHRFK 7KH PRGDO ¢(¢EUH GU
ZDVWH &RQVHTXHQWO\ UHVRXUFH FRQVXPSWLRQ RI UHF\FOLQJ LV VYRPYRAK ¥WoheL BROHWETW RI PRGDO ¢EUHV ZLWK VXUIDF

QHIJDWLYH +RZHYHU LWYV LPSRUWDQW WR QRWH WKDW WH[WLOH%LWKF@ﬂQ@é(ﬁB@%QG]WFQ:Q)Z'_PGVPRGDO ¢EUHV ELUHIULQJHQ

UHSODFHVWKH SURGXFWLRQ RI YLUJLQ ¢EUHV 1RQHWKHOHVV WKH l|.l||r|[y|:RLX(§J|J|:d;| BB@VZXLR/@NVBR/Q{LRFID % E %HUHN 7LOWLQJ &RPSFH

,RQFHOOS UHF\FOLQJ LV H[SHFWHG WR EH VLIJQL,;FDQWO\ ORZHU FRAREPDBNERMR ¥HU\}'IVQ$E’.L54J6‘|FRSH =HLVV $* *HUPDQ\ DFFRU

SURGXFWLRQ GXH WR GLPLQLVKHG SULPDU\ UDZ PDWHULDO SURFHYYLRF 7LOWLQJ &RPSHQVDWRU % E\ /HLFD OLFURV\VWHPV
E\ WKH GLYLVLRQ RI WKH UHWDUGDWLRQ RI WKH SRODUL
ZKLFK LV GHWHUPLQHG E\ WKH PHDVXUHG OLQHDU GHQVL
LV GHWHUPLQHG E\ GLYLVLRQ RI WKH PD[LPXP ELUHIULC
(EHUV ZHUH KDQG SLFNHG IURP HDFK GUDZ UDWLR GXH W
SUR[LPLW\ WR WKH DYHUDJH RI WKH GUDZ UDWLR 7R GHYV
RULHQWDWLRQ RI WKH ¢EUHV WKUHH ¢(¢EUHV RI HDFK GUL
LQGLYLGXDO SRLQWY DORQJ WKH ¢EUHYV

fo
<DUQV ZHUH VSXQ RI ERWK /HQ]JLQJ ORGDO ¢EUH DQG UFL
UDWLR 7R SURYLGH D VSLQ ¢QLVKLQJ IRU WKH UHF\FO
WR GU\ ¢EUHV ZDV PDGH E\ DGGLQJ J/ /HRPLQ 31 WR
DQG VWLUULQJ XQWLO GLVVROYHG 7KHQ J/ $,0DQ &
VXQN LQWR WKH PL[WXUH DQG VWLUUHG IRU PLQXWHYV
WR DQ DPRXQW RI ZDWHU RI JLEUHV ZHUH WKHQ RSF

VSUHDG RQWR D VKHHW WR GU\ LQ URRP WHPSHUDWXUH
KDG HYDSRUDWHG WKH UHF\FOHG ¢(¢EUHV ZHUH RSHQHG 1>
OHVGDQ /DE OHVGDQ VS D ,WDO\ PDFKLQH

%RWK ¢EUH W\SHV ZHUH FDUGHG ZLWK OHVGDQ &DUGLQ
IRUPHG LQWR VOLYHUV B6OLYHUV ZHUH GUDIWHG ZLWK (

J)LUVW HDFK VOLYHU ZDV GUDIWHG LQGLYLGXDOO\ ZL
SDLUV ZLWK RQH WHQVLRQ UROOHU DQG ¢QDOO\ URYLQJ
WKH FDOFXODWHG OLQHDU GHQVLW\ RI WKH URYHV D W2z
IRU WKH PRGDO \DUQ DQG IRU WKH UHF\FOHG PRGDO
VSXQ XVLQJ 6HU PD WHV ULQJ ODE 7KH UHVXOWLQJ \L



FLUFD WH[ 7KH OLQHDU GHQVLW\ RI HDFK VSRRO ZDV FDOFXODWHGHENUZBOIJWLRHWKRIHHYHU\ NQLWWHG URZ

PDNLQJ WKH S

PHWUH VDPSOHV PRGDO DYHUDJHG WH[ DQG UHF\FOHG PRGDO DEUIHAXIHIOHQIMWH] $V VXFK WKH FRQFHSW ZDV QRW FRQ

5LVVDQHQ HW DO

7THQVLOH WHVWLQJ RI'\DUQV ZDV SHUIRUPHG ZLWK WKH 7HQVLOH DQG &RPSUHVVLRQ 7HVWLQJ
ODFKLQH 076 ZLWK D ORDGFHOO RI QHZWRQV DFFRUGLQJ WR WKH ,62

VWDQGDUG 6DPSOH OHQJWKV ZHUH PLOOLPHWUHY DQG WKH WHVW VSHHG ZDV
PLOOLPHWUH SHU PLOQXWH ORGDO ZDV WHVWHG LQ WDNHV DQG GXH WR KLJKHU GLVSHUVLRQ
WKH QXPEHU RI WULDOV RI UHF\FOHG PRGDO ZDV OLIWHG WR

SULRU WR NQLWWLQJ WKH FLUFD WH[ \DUQV ZHUH SOLHG LQWR WZR SO\ \DUQV ZLWKRXW

DGGLQJ SO\ WZLVW UHVXOWLQJ LQ D WH[ \DUQ 6DPSOHV RI ERWK \DUQV ZHUH

NQLWWHG VLQJOH XVLQJ /DENQLWWHU ( OHVGDQ V S D ,WDO\ ZLWK D JDXJH RI

7TKUHH PLOOLPHWUH FLUFXODU VDPSOHV RI ERWK NQLWYV ZHUH FXW DQG SODFHG IDFLQJ

ZRRO IDEULF LQWR 1X ODUWLQGDOH $EUDVLRQ DQG 3LOOLQJ 7THVWHU ZLWK D N3D ZHLJKW

$Q DEUDVLRQ WHVW ZDV SHUIRUPHG IROORZLQJ WKH ODUWLQGDOH DEUDVLRQ 6'6 (1 ,62
VWDQGDUG 6DPSOHV ZHUH FKHFNHG IRU WRUQ \DUQV ¢(¢UVW HYHU\

UXEV XQWLO WKHQ HYHU\ UXEV XQWLO DQG WKHQ HYHU\ UXEV

7KH DEUDVLRQ UHVLVWDQFH UHVXOWY DUH GHWHUPLQHG E\ WKH ¢UVW WRUQ \DUQ RI WKH WKUHH

VDPSOHV RI WKDW NQLW W\SH 7KLV PHDQV WKDW WKH ¢QDO UHVXOW IRU WKDW NQLW W\SH LV

GHWHUPLQHG E\ WKH ORZHVW SHUIRUPLQJ VDPSOH DQG ORZHVW DPRXQW RI UXE SDWWHUQV

o T . Figure 11 ,QVSLUDWLRQ IRU WKH (¢UVW FRQFHSW

7KH JLYHQ EULHI ZzDV WR GHVLJQ D FP NQLWWHG VKRZSLHFH WR EH SUHVHQWHG DW
HIKLELWLRQV VXFK DV WH[WLOH LQGXVWU\ H[ SRV ZKHUH YLVLWRUVY DUH ZHOFRPH WR IHHO DQG
HIDPLQH WKH SURGXFW 7KH VKRZSLHFH LV D SK\VLFDO WDQJLEOH UHSUHVHQWDWLRQ RI WKH
PRGDO UHF\FOLQJ SURFHVV ,Q OLQH ZLWK WKH FRPSDUDWLYH DQDO\VLV RI WKLV WKHVLV WKH
VKRZSLHFH VKRXOG SUHVHQW WKH TXDOLWLHYV DQG GLCcHUHQFHV RI WKH WZR ¢(EUHYV

7KH GHVLJQ SURFHVV EHJDQ E\ HYDOXDWLQJ UHVWULFWLRQV WR ZKLFK WKH FRQFHSW VKRXOG
DGKHUH $V WKH VKRZSLHFH QHHGV WR HQGXUH WUDYHO DQG WRXFK WKH NQLWWHG VWUXFWXUH
VKRXOG QRW EH IUDJLOH 7R DOORZ IRU D FRPSDULVRQ RI WKH IHHO RI WKH ¢EUH W\SHV WKH
SLHFH VKRXOG EH NQLWWHG XVLQJ ERWK WKUHDGV $V WKH FRORXU RI WKH WKUHDG VOLJWKO\
GDUNHQV GXULQJ UHF\FOLQJ WKH WKUHDGV GR QRW QHHG WR EH G\HG WR EH WROG DSDUW

$OVR WKH FKDQJH LQ FRORXU LV D SURSHUW\ GLcC HUHQFH EHWZHHQ WKH ¢EUHV DQG DV VXFK

DQ DVVHW IRU FRPSDULVRQ 7KH OLPLWHG UDQJH RI FRORXU ZKLWH DQG Rc ZKLWH DV

ZHOO DV WKH WHFKQLTXH RI NQLWWLQJ VHW UHVWULFWLRQV WR FUHDWLYH H[SUHVVLRQ 7KH SLHFH
VKRXOG LOOXVWUDWH WKH ¢EUHV WKHLU TXDOLWLHV RU WKHLU RULJLQ LQ VRPH ZD\ 7KUHH
FRQFHSW LGHDYV ZHUH SUHVHQWHG RQH RI ZKLFK ZDV FKRVHQ WR EH GHYHORSHG IXUWKHU

7KH ¢UVW FRQFHSW LGHD ZKLFK LV YLVXDOL]HG LQ )LJXUH VIPEROL]JHV WKH MRLQLQJ RI

WZR WHFKQRORJLHV ZKLFK RFFXUV LQ WKH UHF\FOLQJ SURFHVV RI PRGDO 7KH MRLQLQJ LV

LOOXVWUDWHG LQ D VWUXFWXUH UHVHPEOLQJ D EDVNHW ZHDYH )LJXUH 7KH NQLW VWLWFKHV

UHSUHVHQW WKH ,RQFHOOS UHF\FOLQJ SURFHVVY DQG ZRXOG EH NQLWWHG LQ UHF\FOHG PRGDO

\DUQ ZKLOH WKH SXUO VWLWFKHV UHSUHVHQW WKH PRGDO SURFHVVY DQG ZRXOG EH NQLWWHG LQ )
PRGDO \DUQ 7KH NQLWWLQJ RI WKLV FRQFHSW ZRXOG UHTXLUH wKHINE JH OV RHEY ZHODHIHRSWXUHG EV 3AXJ Q G

NQLW GHVLJQHGC



Figure 13 ,QVSLUDWLRQ IRU WKH VHFRQG FRQFHSW NQLW GHVLJQHG E\ 3DUNKXUVW

7TKH VHFRQG FRQFHSW )LJXUH IRFXVHG RQ WKH RULJLQ RI WKH PDWHULDOV WKH
FHOOXORVH SRO\PHUV LQ (XURSHDQ %HHFK ZRRG 7KH FRQFHSW SUHVHQWYV WKH ¢(EUHV
RULJLQV E\WVFDOLQJ WKHP XS LQWR D NQLW E\ PLPLFNLQJ WKH PLFURVFRSLF FURVV VHFWLRQ
RI %HHFK ZRRG )LJXUH 7TKH LGHD VWHPV IURP WKH YLVXDO UHVHPEODQFH RI NQLW

WR SODQW FURVV VHFWLRQV ZKHUH FHOOV DUH UHSUHVHQWHG E\ VLQJOH NQLWYVY DQG YHVVHOV
DUH UHSUHVHQWHEXL E\LBHOBEADYW RYHUWXUQHG SDUWO\ GXH WR LWV VWUXFWXUDO
fragility and the complexity of knitting the lace.

7KH WKLUG DQG FKRVHQ FRQFHSW IRU WKH NQLWWHG VKRZSLHFH ZDV GHYHORSHG DORQJVLGH
JDLQLQJ IRXQGDWLRQDO XQGHUVWDQGLQJ RI WKH ¢EUHV DQG WKHLU FRPSRVLWLRQ 'DWD
DQERDO\VLV RI SHUIRUPHG PHFKDQLFDO SURSHUW\ WHVWYV IXQFWLRQHG DV D MXPSLQJ Rc SRLQW

IRU WKH LGHDWLRQ SURFHVYVY 7KH GHVLJQ DLPV WR LOOXVWUDWH WKH IRXQGDWLRQDO GLcHUHQFH
RI WKH PDWHULDOV VLIQL¢{¢FDQW WR WKH IRUPDWLRQ RI WKHLU GRFXPHQWHG SURSHUWLHV 7KH
FRQFHSW LGHD ZLOO EH SUHVHQWHG DIWHU WKH GDWD DQDO\VLV RI PHFKDQLFDO SURSHUWLHYV

7TKH ¢QDO GHVLJQ IRU WKH VKRZSLHFH LV LV NQLWWHG OLQNYVY OLQNV D VWUXFWXUH FRPELQLQJ
purl and knit stitches in a pattern. Familiarity to links-links structures and their

SRVVLELOLWLHV ZDV JDLQHG WKURXJK VWXG\ RI WKUHH GLPHQVLRQDO GHVLJQV E\ 3DYNR
yXGHQ 5DQW 7KH VKRZSLHFH FKDQJHV FRORXU DQG \DUQ JUDGXDOO\ IURP

WRS WR ERWWRP 7KH VXUIDFH SDWWHUQ DQG LWV LWHUDWLRQV ZHUH GHVLJQHG XVLQJ $GREH
,OOXVWUDWRU DQG FRQYHUWHG WR D NQLW VWUXFWXUH XVLQJ 6WROO 0 SOXV VRIWZDUH 7ZR
SURWRW\SHVY ZHUH NQLWWHG LQ FRWWRQ \DUQ RI FLUFD WH[ E\ $QQD /HLQRQHQ DQG

OLUD -IUYLQHQ XVLQJ &06 $') PXOWL JDXJH NQLWWLQJ PDFKLQH 7KH ¢QDO GHVLJQ

ZDV NQLWWHG LQ PRGDO DQG UHF\FOHG PRGDO \DUQ E\ $QQD /HLQRQHQ XVLQJ SUHYLRXVO\
PHQWLRQHG NQLWWLQJ PDFKLQH ZLWK D JDXJH RI

Figure 14 OLFURVFRSLF FURVV VHFWLRQ RI (XURSHDQ %HHFK FDSV









7KURXJK ELUHIULQJHQFH WHVWLQJ LW ZDV IRXQG WKDW WKH UHF\FOHG R&d" " "~ ~''''v/ nt nan
GUDZ UDWLRV KDYH JUHDWHU RULHQWDWLRQ WKDQ WKH VWDQGDUG PRGO%¥®d
7KH RULHQWDWLRQ LQFUHDVHV E\ WKH GUDZ RI WKH ¢ODPHQW WKDW RFFXUYV [ py
DQG DLU JDS Rl WKH GU\ MHW ZHW VSLQQLQJ OLFKXG HW DO 7KH WRW#(
RI GWH[ WLWHU UHF\FOHG PRGDO ¢EUH LV FORVH WR WKDW RI GV
¢EUH VSXQ IURP SUHK\GUROLVHG NUDIW SXOS OLFKXG HW DO S
RULHQWDWLRQ RI WKH GWH[ WLWHU PRGDO PHDVXUHG KLJKHU WKD®&
YLVFRVH OLFKXG HW DO S 7KH RULHQWDWLRQ RI UHF\FOHGf
LV FRPSDUDEOH WR VWDQGDUG ,RQFHOOS ¢EUHV ZKHUHDV WKH RULHQWDW|
ORZHU WKDQ VWDQGDUG ,RQFHOOS DQG UHF\FOHG PRGDO ¢EUHV EXW KLJK&L

20

—— PHK DR11

Modal SF Modal wSF Recycled Modal — Modal SF
15 —— Modal wSF
'UDZ UDWLR| '5 - - DR5 —— DR5
Total orientation - - 10 —— DR8
—— DR11
An - - 5 —— DR14
'UbDZ UDWLR| '5 - - DRS8 0 — DRI6 ,
Total orientation - - 0 2 4 GEI 8 0/10 12 14 16
A n - - ongation [%]
'UDZ UDWLRl 's S8QNQRZQ 8 QN QRIZQ Figure21 6WUHVV+VWUDLQ FXUYHV RI GU\ PRGDO UHF\FOHG
Total orientation 0.522 Tenacit
[cN/tex
An 0.0353 45 +
'UDZ UDWLR| '5 - - '5 40 Wet
Total orientation - -
An - - 35
'UDZ UDWLR| '5 - - DR16 30
Total orientation - -
An - - 2
Table 20 Birefringence test results 20 PHK DR11
5 Modal SF
7KH RULHQWDWLRQ RI SRO\PHUV DORQJ ZLWK FU\WWDOOLQLW\ DQG WI%H GHJUHH RI Modal wSF
SRO\PHULVDWLRQ LQ UHODWLRQ WR WKH OHQJWK RI FU\VWDOOLWHY DcHFW BRHFKDQLFDO SURSHUWLHB&:
OLNH WHQVLOH VWUHQJWK DQG HORQJDWLRQ RI D ¢EUH 6L[WD HW DO 5 cEUHV WHQVLOH DR11
VWUHQJWK LV SRVLWLYHO\ DcHFWHG E\ WKH LQFUHDVHG RULHQWDWLRAQ SRI DPRUSKRXV DR14
GLVRUGHUHG UHJLRQV :XOIKRUVW HW DO 6L[WD HW DO 0 DR16

2 4 10 12 14
7KH UHF\FOHG PRGDO ¢EUHV H[KLELWHG KLJKHU WHQVLOH VWUHQJWK WKDQ Q/WDQGDUG Ig(l;\’n%tgn(i%]

JEUHV )LIXUH DQG $V H[SHFWHG GU\ ¢EUHV RI KLJK GUDZ UDWLRV ZHUH RI JUHDWHVW
WHQVLOH VWUHQJWK ORGDO LV SURGXFHG RI D KLJK FHOOXORV HFiguRQ2V 6\g WHE X ®BW BB MWQ WKHYHV Rl ZHW PRGDO UHF\FOHG
FHOOXORVH GHJUDGHV GXULQJ WKH FKHPLFDOO\ KDUVK PRGDO SURFHVV +HOOVWU][P

$V VXFK WKH TXDOLW\ Rl ¢EUHV SURGXFHG RI PRGDO WKURXJK WK ,*ﬂz%%ﬁllb[bV‘éL&{PR'%'HE’/'@GDO 6) GU\ DQG ZHW Z
GRHV QRW TXLWH UHDFK WKH KHLJKWV RI ,RQFHOOS ¢(EUH SURGXPMHEP RIVSFNKYEFROXGRE 'S GU\ DQG ZHW )L
NUDIW SXOS 3+. PHDVXUHG E\ +HOHQD 6HGHUKROP )LJXUH DQGESW LL\YEIPXI_EFLVFRVH WASH ¢EUH WKLV QRWLRQ LV LQ OL

0
HW DO e F1 WH[ ZKHO GU\ DQG F1 WH[ ZHW ZKHUH YLVFRVH H[LELWHG KLJKHU HORQJDWLRG
¢EUH 'S5 GU\ 7KH HORQJDWLRQ RI UHF\FOHG PRGDO



ZHW ZKHUHDV ZHWWLQJ GHFUHDVHG WKH YLUJLQ PRGDOV HORQJDWLRQ
6LPLODU WUHQGY LQ WHQVLOH VWUHQJIJWK DQG HORQJDWLRQ ZHUH IRXQG LQ WKH WHQVLOH WHVWYV

IRU WKH \DUQV 7DEOH 7KH DYHUDJH WHQVLOH VWUHQJWK RI WKH UHF\FOHG PRGDO \DUQ
F1 WH[ SURYHG VXSHULRU WR \DUQ VSXQ RI VWDQGDUG PRGDO F1 WH]

DOWKRXJK WKH GLcHUHQFH LV QRW DV VLJQL,FDQW DV LQ WKH ¢EUH WHVWV 7KH HORQJDWLRQ

RI PRGDO ZDV IRXQG JUHDWHU WKDQ WKDW RI UHF\FOHG PRGDO 7KH

WHQDFLWLHV RI ERWK PRGDO \DUQV LV ORZHU LQ FRPSDULVRQ WR VOLJKWO\ WKLFNHU WH [

\DUQ SURGXFHG E\ UHF\FOLQJ KHPS YLD WKH ,RQFHOO SURFHVV F1 WH[ 5LVVDQHQ

HW DO

7ZLVW

7ZLVW PXOWLSOLHU 3,26

TH[ J P

7HQDFLW\ F1 WH] 18,11

(ORQJIJDWLRQ 6,53

Table23 <DUQ WHQVLOH WHVW UHVXOWYV

7KH IDEULF NQLWWHG RI PRGDO VKRZHG PRUH DEUDVLRQ UHVLVWDQFH WKDQ
UHF\FOHG PRGDO NQLWYV 7TDEOH 7KH DEUDVLRQ UHVLVWDQFH RI UHF\FOHG
PRGDO LV VLPLODU WR WKDW RI UHF\FOHG KHPS ¢(EUH SLVVDQHQ HW DO

$OWKRXIJK ORZHU WKDQ LQLWLDOO\ H[SHFWHG WKH UHF\FOHG PRGDO NQLWYV UHGXFHG
DEUDVLRQ UHVLVWDQFH FDQ EH H[SODLQHG E\ KLJKO\ RULHQWHG (EUHVY WHQGHQF\ RI
¢EULOODWLRQ $Q LQFUHDVH LQ PROHFXODU FKDLQ RULHQWDWLRQ UHVXOWY LQ LQFUHDVHG ODWHUDO
RUGHU DQG FU\VWDOOLQLW\ 6L[WD HW DO S 7TKHUHIRUH KLJKO\ RULHQWDWHG
(EUKOYH ORZHU ODWHUDO FRKHVLRQ OHDGLQJ WR (EULOODWLRQ 7KH ¢(¢EULOODWLRQ RI ¢EUHV
UHGXFHV WKHLU UHVLVWDQFH DJDLQVW PHFKDQLFDO DEUDVLRQ ODWKHU 5 DQG :DUGPDQ

5 SS OLFKXG HW DO S JLEULOODWLRQ FDQ EH PLWLJDWHG E\

(EUH FRQGLWLRQLQJ WR DFKLHYH EHWWHU UHVLVWDQFH WR DEUDVLRQ ODWKHU :DUGPDQ
S

Weight N3$ N3$

$PRXQW RI UXE SDWWHO®R V 10 000

Table24 $SEUDVLRQ WHVW UHVXOWV

7KH ¢EUH FRORXU VOLJKWO\ GDUNHQV DV D UHVXOW RI UHF\FOLQJ YLD ,RQFHOOS )LJXUH
7KH Rc ZKLWH FRORXU FDQ LQGXFH WKH DVVRFLDWLRQ RI D UHF\FOHG RU HQYLURQPHQWDOO\
IULHQGO\ SURGXFW :KHQ GHVLUHG FOHDQ ZKLWH FRORXU LV DFKLHYDEOH E\ EOHDFKLQJ

,Q FRQFOXVLRQ D WUDGH Rc EHWZHHQ SURSHUWLHY RFFXUV LQ WKH ,RQFHOOS UHF\FOLQJ RI
PRGDO ¢EUH ORGDO H[KLELWHG KLJKHU HORQJDWLRQ DW EUHDN DQG DEUDVLRQ UHVLVWDQFH
ZKLOH WKH UHF\FOHG PRGDO H[KLELWHG KLJKHU RULHQWDWLRQ DQG WHQVLOH VWUHQJWK 7KH
LOWHQGHG DSSOLFDWLRQ GHWHUPLQHYVY ZKLFK TXDOLWLHVY DUH GHVLUHG .QLWV DQG \DUQV
SURGXFHG RI ERWK ¢¢EUHV KDYH EHHQ VKRZQ VXLWDEOH IRU XVH LQ ZDUPHQWYV



- T 7t

The analysis of mechanical properties initiated the chosen concept idea of the
VKRZSLHFH 2ULHQWDWLRQ ZDV IRXQG WR EH D FRPPRQ GHQRPLQ N H ” i ” I “ l "

RWKHU PHFKDQLFDO SURSHUWLHYVY $V D IRXQGDWLRQDO IDFWRU WKESTE BI MW TR
WKH FKDQJH LQ RULHQWDWLRQ ZDV FKRVHQ WR EH LOOXVWUDWHG | | “ | I‘ i I‘ ii I

Figure26 ,0O0XVWUDWLRQ RI RUGHUHG FU\VWDOOLQH DQG GLVRUGHUHG DP
D FHOOXORVH PROHFXOH E\ ODKHVKZDUL

TR LOOXVWUDWH KRZ WKH RULHQWDWLRQ RI DPRUSKRXV UHJLRQ
UHF\FOLQJ RI PRGDO ¢EUH WKH VWUXFWXUH ZDV GHFLGHG WR VLP
I[IURP GLVRUGHUHG WR RUGHUHG ZKLOH WKH \DUQ FKDQJHV IURP YL
GHVLIJQ LWHUDWLRQV VRPH RI ZKLFK FDQ EH VHHQ WR WKH ULJKW
YHUWLFDO EDUV WKH OHQJWKV RI ZKLFK ZHUH GHFLGHG DFFRUGLQ
WKH HQG RI HDFK YHUWLFDO EDU WKH SDWWHUQ LV LQYHUWHG WR
DQG ODWHUDO FRKHVLRQ 7KH WRS LV NQLWWHG LQ YLUJLQ PRGDO
DUH VKRUWHU DQG JUDGXDOO\ JURZ LQ OHQJWK ZKLOVW FKDQJLQJ

7KH ¢ UVW SURWRW\SH )LJXUH RI WKH OLQNV OLQNV VWUXFWXUH
%YHVLGHV WKH RXWFRPH EHLQJ IDU ORQJHU WKDQ ZLGH WKH VWUXF

PAVAN®
U

XQFOHDU 7KH LQWHUVHFWLRQV RI YHUWLFDO EDUV DUH ZLGHVW S lll'jwl'--l-w.‘
ZDY\ HGJH 7R SUHYHQW WKLV WKH SDWWHUQ LQ LOQOWHUVHFWLRQV | R
VPRRWKHU WUDQVLWLRQV )LJIJXUH " 7R IXUWKHU LPSURYH WKH Fjp I

WKH YHUWLFDO EDUV ZHUH HQODUJHG UHVXOWLQJ LQ RQO\ IRXU G j

7KH QH[W FRWWRQ SURWRW\SHVY VKRZHG LPSURYHPHQW 7ZR VDP
RI WKH GHVLJQ GLcCHULQJ RQO\ LQ JDXJH ZLGWK 7KH SURWRW\SH
ZLGWK RI YLIXUH ZDV IRXQG SUHIHUDEOH RYHU 7KH RXWH
UHFWDQJXODU LQVWHDG RI VTXDUH VR DQRWKHU YHUWLFDO EDU Z
QDO GHVLJQ

7TKH WRS RI WKH ¢QDO GHVLJQ LV NQLWWHG LQ PRGDO \DUQ ZKLF
WR UHF\FOHG PRGDO \DUQ DOORZLQJ IRU D FRPSDULVRQ RI IHHA(
LOWHUVHFWLRQV RI WKH YHUWLFDO EDUV LOOXVWUDWH ODWHUDO
RUGHU UHVXOWHG E\ ORZHU OHYHOV RI RULHQWDWLRQ ,Q FRQWUD
ULE NQLW UHSUHVHQW KLJK OHYHO RI RULHQWDWLRQ 7KH VKRZSLH
LPSDFW Rl WKH ,RQFHOOS UHF\FOLQJ SURFHVV RQ PRGDO ¢(EUH D
EHWZHHQ WKH ¢EUHV

!,

i L
Figure 27 Design iterations




Figure 16 7ZR SO\ \DUQV PRGDO DERYH UHF\FOHG PRGDO XQGHUQHDWK

Figure 28 Prototype 1 Figure 29 Prototype 2



Figure30 .QLWWHG VKRZSLHFH



7KH GHVLJQ )LJXUH FRXOG VWLOO EH GHYHORSHG EXW GXH WReOLPLWDWLRQV LQ NQLWWLQJ

ZRUNVKRS DYDLODELOLW\ IXUWKHU LWHUDWLRQV ZHUH QRW IHDVLEOH ZLWKLQ WKH VFKHGXOHG

WLPH IUDPH 7R GHYHORS WKH GHVLJQ IXUWKHU WKH VXUIDFH SDWWHEBQR/ XY PRRKBE RV IRXQG UHF\FODEOH YLD ,RQFH
PRGL,HG WR DYRLG UROOLJ HGJHV 7KH JDXJH ZRXOG EH LQFUHDVN&LNR FYHD €

Y YR %E/WBRQ RI JDUPHQWY 7KH PRGDO SL
NQLW UHGXFLQJ LWV WUDQVSDUHQF\ )XUWKHUPRUH WKH ¢uvw URRGLGRPMIPHGRWK LWWFBYW WR \LHOG ¢EUHV RI KLIKHU VW
NQLW ZKLFK DGG D FHQWLPHWUH WR WKH KHP ZHUH QRW FRQVLGHYHRGBG LOLRkPREVPIoEMHWKHLD . RQFHOOS LQFUHDVHV RUL
NQLW $V VXFK WKH OHQJWK Rl WKH ERWWRP YHUWLFDO EDUV ORRNUMKHIHLQWKDHK LW HRFIEFHEHW FRQGLWLRQV +LJKHU RU
7R DFKLHYH PRUH DHVWKHWLFDOO\ SOHDVLQJ SURSRUWLRQV EHWZHRHOLRRAWLRRQVP REOCRBOYHGQEDEUDVLRQ UHVLVWDQFH ZK
OLQH ZLWK WKH JROGHQ UDWLR WKH ORZHVW DQG ORQJHVW URZ RREVRMIKXIG'\BHQUBRKwEWH WHVWV PRGDO VKRZHG KL

VKRUWHQHG $OVR D VHDP DOORZDQFH ZRXOG EH DGGHG WR WKH WRR Bk MK HRVK RZSEREBOVRIRP %HHEK ZRRG UHTXLUHV K

WKDW DWWDFKPHQWV RI WKH VKRZSLHFH GR QRW VKRUWHQ WKH OHQAWKHRIDWKT MR SDBRZ PRUH VWHSY WKDQ ¢EUH UHF\FOL

6LWH VSHFL¢{¢F SUDFWLFHVY GHWHUPLQH WKH UHVRXUFH H
$XVWULDQ /HQ]JLQJ ORGDO VLWH LV SDUWLFXODUO\ UH¢C
GHYHORSPHQW LQFOXGLQJ FKHPLFDO UHFDSWXUH DQG U
UHQHZDEOH HQHUJ\ SURGXFWLRQ 6WLOO WKH LQGLFDWL)
HdFLHQF\ VKRZV WKDW WKH PRGDO ¢(¢EUH SURGXFWLRQ F
UHVRXUFHV WKDQ WKH ,RQFHOOS UHF\FOLQJ SURFHVV 7K
UHVRXUFH HAdFLHQF\ RI WKH ,RQFHOOS UHF\FOLQJ LV GLP]

$OWHUQDWLYH IHHGVWRFN XVH LV VWLOO PDUJLQDO E
LQFUHDVLQJ UHJXODWLRQV DQG DZDUHQHVYV :KHQ UHSOD
FDQ HC HFWLYHO\ GHFUHDVH WKH ZDVWH DQG HQYLURQPH
7KH LQIRUPDWLRQ UHVXOWLQJ IURP WKLV WKHVLV FDQ
development, material research, circular economy, and textile design.

T

Figure31 6 KRZSLHFH GHVLJQ

..€

SURGXFLQJ \DUQ LQ ODERUDWRU\ FRQGLWLRQV VHWYV OLPLWDWLRQV LQ KRPRJHQXLW\ LQ
FRPSDULVRQ WR LQGXVWULDO SUDFWLFHV ,Q WKLV VWXG\ ERWK \DUQV ZHUH SURGXFHG E\ WKH
VDPH RSHUDWRUV LQ WKH VDPH \DUQ VSLQQLQJ ODE VR WKH FRPSDULVRQ EHWZHHQ WKHP
UHPDLQV IDLU +RZHYHU LI GDWD IURP WKLV VWXG\ LV FRPSDUHG WR SHUIRUPDQFH RI
LQGXVWULDOO\ SURGXFHG \DUQ WKLV IDFWRU VKRXOG EH FRQVLGHUHG

7KH DVVHVVPHQW RI WKH ,RQFHOOS UHF\FOLQJ SURFHVYVY UHVRXUFH HdFLHQF\ LV GLUHFWLRQDO
DV GDWD RQ WKH SURFHVV UHVRXUFH FRQVXPSWLRQ ZDV QRW IRXQG 7KH DVVHVVPHQW RI
,RQFHOOS UHF\FOLQJ SURFHVV UHVRXUFH HdFLHQF\ ZDV EDVHG RQ DYDLODEOH GDWD RQ WKH
OLIH F\FOH DVVHVVPHQWYVY RI FRPSDUDEOH SURFHVVHV 7KH FRPSDULVRQ RI SURGXFWLRQ
PHWKRGV GRHV QRW FRQVLGHU VRFLDO RU HFRQRPLF DVSHFWV ERWK RI ZKLFK DUH NH\VWRQHYV
WR VXVWDLQDELOLW\



7TKH LQSXW GDWD IRU HQHUJ\ FRQVXPSWLRQ LQ WKH =DPDQL HW DOEKDU &WHOAN LIRQV $OWHUQDWLQJ %XEEOH 6WLWF
3& HOOXORVH SRO\HVWHU VHSDUDWLRQ XVLQJ 1002 VROYHQW"’ LQFO HV W % URGX W/IYLRIVNL\ 0

RI'1002 DQG WKH GLVVROYLQJ SURFHVV EXW GRHV QRW I3I_IQWLRQDev(%Ro %&t%} Ijz%dcff'ése otton Apparel: A Study to Reclaim Value from
instead it includes the spinning of cotton and polyester yarn. The input data DVV\F/)H 3XEOLVKHG LO 6)F()Qlw.DLQDyELOLW\

for the comparison, “Production of cellulose and polyester yarns from primary :

UHVRXUFHV  LQFOXGHV ERWK WKH ,EUH SURGXFWLRQ DQG \DUQ V$bQAWE Rl FRYPPRO DRG 6DZDGD ' *XL]DQL & 5LVVDC
SRO\HVWHU 3HUKDSV ¢(EUH VSLQQLQJ LV PLVWDNHQO\ PHQWLRQHG DV \BYQHWEHMQL @HVBE SURWLF LRQLF OLTXLGV IRU FH
DIWHU WKH VHQWHQFH H[SODLQLQJ H[WUXVLRQ WKH ;ODPHOWV DRHOBGRORWIG \DUQV S
$OWKRXJK FRQIXVLQJ WKLV GHWDLO LV GHFLGHGO\ RYHUORRNHG |URP QRZ RQ DQG LW
DVVXPHG WKDW WKH FRPSOHWH O\RFHOO EUH UHF\FOLQJ suRFHV\%%'@S%FP&V%%'%%MGV'Z'@%KLQ (8 6WUDWHJ\ IRU 6XVWDLQDE

“Dissolving process” and “Production of NMMO”. As the process of yarn spinning (XURSHDQ 3DUOLDPHQW 7KH LPSDFW RI WH[WLOH S|
LV ODUJHO\ WKH VDPH IRU DOO FHOOXORVLF VWDSOH ¢(¢EUHV WKHLUIFRPSPUIMROQW VLORRIBbERWHUHVW
for this study.

‘ROIH 0 BKHQ +

+DVOLQJHU 6 +XPPHO O $QJKHOHVFX +DNDOD % Ollw
$V IRXQG LQ WKH LQSXW GDWD RI =DPDQL HW DO WKH SURGXFWL%@FRFl:O'LLO(gg RI FRWWRQ SRO\HVWHU EOHQGHG WH[WI

UHTXLUHY HOHFWULFLW\ RI 0- WRQQH RI 1002 DQG KHDW IRU FHOHOWBR@H (EHUV 3XEOLVKHG LQ :DVWH ODQDJHPHQW
of NMMO. They also stated that 0.01-0.05 kg NMMO per kg of textile is needed.

7KHUHIRUH WKH HQHUJ\ UHTXLUHPHQW IRU SURGXFWLRQ RI 1002 SWLXF\’/\PFH@QFD RIOWHRKWE0o$ $vDDGL 6 OD < 6L[WD + 7I
ZDVWH LV FDOFXODWHG DV IROORZV 0- DQG 0- ( +LJK WHQDFLW\ WH[WLOH FHOOXORVH ¢(EHUV Il
3XEOLVKHG LQ &KHPLFDO JLEHUV ,QWHUQDWLRQDO

+XPPHO O OLFKXG $ 7TDQWWX O $vDDGL 6 OD <

NMMO Production:

(OHFWULFLW\ 0- WRQQH RI WH[WLOH +HDW 0- WRQQH RI WHRWUOPHDLQHQ $ .LQJ $ : 7 .LOSHOILQHQ |, 6L[WD +

Dissolving process: IRU WKH 3URGXFWLRQ RI 0DQ ODGH &HOOXORVLF )LEHUV

(OHFWULFLW\ 0- WRQQH RI WH[WLOH +HDW 0- WRQQH RI WH[WM®HP 6 $ODP 1 =~ YDQ GH 9HQ 7 * 0O BSURGXFWLI
IURP FDUER[\PHWK\ODWHG FHOOXORVLF SXOSV &HOOX

Equals: V

(OHFWULFLW\ 0- WRQQH RI WH[WLOH +HDW 0- WRQQH RI WH[MLOH - 9HUJU|%HUXQJ DXV GHU hEHUVLFKW 5RW|

/\RFHOO AEUH UHF\FOLQJ SURFHVV /HQILQJ JRFXV SDSHU UHVSRQVLEOH SURGXFWLRQ

0- WRQQH RI WH[WLOH ODKHVKZDUL 5 7KH VFLHQFH EHKLQG WKH ELRIXHO

&XUUHQW 6FLHQFH
ODWKHU 5 5 :DUGPDQ 5 + 7KH &KHPLVWU\ R
3XEOLVKHG E\ WKH 5R\DO 6RFLHW\ RI & KHPLVWU\ ,6%1
OLFKXG $ 7DQWWX 0 $VDDGL 6 OD < 1HWWL ( .IIL
%HUQWVVRQ $ +XPPHO O 6L[WD + , RQFHOO )

FHOOXORVLF WH[WLOH ¢(¢EHUV DV DQ DOWHUQDWLYH WR
7TH[WLOH 5HVHDUFK -RXUQDO '2,

1LVKL\DPD < /DQJDQ 3 &KDQJ]\ + &U\WWDO VWU

ERQGLQJ V\WWHP LQ FHOOXORVH ,. IURP V\QFKURWURQ

GLCUDFWLRQ -RXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLI
M D



2MKD . 5SHIHQHUDWLRQ RI &HOOXORVH ¢(¢EHUV IURP FRWWRQQWDRVOAOWDODRZEZHONDBEFK 'HSDUWPHQW ODQPDGH FHOC
PHDQV Rl WKH ,RQFHOOS SURFHVV 06F WKHVLV $DOWR 8QLYHUVLWARBBIGZRGH | &K HER LW \[S®

Engineering, Espoo, Finland.
ngineering, Espoo, Finland 7KH )LEHU <HDU *PE+ 5RJJIZLO 6ZLW]HUODQG

3DYNR yXGHQ $ 5DQW OXOWLIXQFWLRQDO )ROGDEOH .QL U U,H,V
Fundamentals, Advances and Applications. \A;WH_'V\PLSW hflé%)b SUHIHUUHG )LEHU  O0DWHULDOV I
3DUDMXOL 3 $FKDU\D 6 5XPL 6 6 +RVVDLQ 7  S$SELGL 1 89&%'@%6BWH%QV ‘RUOG 3RSXODWLRQ 3URVSHFWYV
FHOOXORVH LQ WH[WLOHV UD\RQ O\RFHOO PRGDO DQG RWKHU DERy v YXQGDPHQWDOV RI
1IDWXUDO )LEUHV DQG 7H[WLOHV '2, % 'DQJ 6 /X $ =KDQJ / 5HFHQW DGYDQFHV LQ U
3DUYLDLOHQ $ :DKOVWU|P 5 /LLPDWDLQHQ 8 /LLWLI 7 sRYLR PWHYRHRPY g@hEOLVKHG LQ SURJUHVV LQ 3ROVPHU 6FLHQ

.- +\YINN| 8 .LQJ $ : 7 G6XXUQINNL $ .LOSHOILQHQ , :XOIKRUVW % *ULHV 7 OHLW 7H[WLOH WHFKQF
6XVWDLQDELOLW\ RI FHOOXORVH GLVVROXWLRQ DQG UHJHQHUDWWRIGh. LQ GLD]DELF\FOR
> @ QRQ HQLXP DFHWDWH D EDWFK VLPXODWLRQ RI WKH ,21&(// SUSLFH(}//V 65\;5[§LQVWURP o 3HWHUY = S\GEHUJ 7
DGYDQFHYV = 0
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