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rr₃δtχnεGpolymβrGcπ₃χnsG−β₃rχnεG₃nGyTsuccχnχmχαylG₃ctχv₃tβαGβstβrGβnαTεroupGontoGprχm₃ryG
₃mχnβTco₃tβαGsχlχc₃Gp₃rtχclβsG₃nαG₃pplχc₃tχonGoδG₃GsχmplβSGonβTstβpG₃ppro₃cπGvχ₃GnχtroxχαβTmβαχ₃tβαG
controllβαVlχvχnεGδrββTr₃αχc₃lGpolymβrχz₃tχonUG2010SG[cSGXbZTXc]

30

1742 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGpolymβrVsχlχc₃Gn₃nocomposχtβsGvχ₃Gαou−lβGχnGsχtuGmχnχβmulsχonG
polymβrχz₃tχonUG2010SG[cSGZXYcTZXZ[ 29

1741 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGpolyOmβtπylmβtπ₃cryl₃tβPVsχlχc₃Gn₃nocomposχtβseG”tuαyGoδGtπβG
χntβrpπ₃sβG−yGsolχαTst₃tβGyx“G₃nαGstructurβVpropβrtχβsGrβl₃tχonsπχpsUG2010SG[cSG]aXcT]aYd 33

1740 mounαGδr₃ctχonsGoδGmβtπ₃cryl₃tβGpolymβrsG₃αsor−βαGonGsχlχc₃GusχnεGq–t“UG2010SG[cSGXdXXTXdXc 24

1739 tnδluβncβGoδGmolβcul₃rGp₃r₃mβtβrsGonGtπβrm₃lSGmβcπ₃nχc₃lSG₃nαGαyn₃mχcGmβcπ₃nχc₃lGpropβrtχβsGoδG
πyαroεβn₃tβαGnχtrχlβGru−−βrG₃nαGχtsGn₃nocomposχtβsUG2010SG]WSGXZcdTXZdd 12

1738 xorpπoloεyG₃nαGtπβrm₃lG−βπ₃vχorGoδGpolymβrVc₃r−onGn₃notu−βGcomposχtβsUG2010SG]YdT]aY 1

1737 ”yntπβsχsG₃nαGnπ₃r₃ctβrχz₃tχonGoδGsy−rχαG”χlχc₃VPolyχmχαβsGz−t₃χnβαG−yG”olTrβlGProcβssχnεUG2010SG
]WSGYWXTYXX

1736 ²nzG₃nαG²nzâ��”χzYGcorβâ��sπβllGstructurβαGδχllβrsGonGpropβrtχβsGoδGpolyc₃r−on₃tβGn₃nocomposχtβsUG
2010SGZdSG[XdT[Y[

1735 –πβG—tχlχtyGoδGy₃nocomposχtβsGχnGqχrβG“βt₃rα₃ncyUG2010SGZSG[]cWT[aWa 61

1734 y₃nom₃tβrχ₃lsG₃sG₃n₃lytχc₃lGtoolsGδorGεβnosβnsorsUG2010SGXWSGdaZTdZ 57

1733 pl₃stχcG−βπ₃vχourGoδG₃Gn₃nocomposχtβGtπχnGδχlmGunαβrεoχnεGsχεnχδχc₃ntGstr₃χnsUG2010SGYXSGXW]bWc 3

1732 oχrβctGxβ₃surβmβntGoδGPolymβrGnπ₃χnGnonδorm₃tχonGχnGWβllTnontrollβαGxoαβlGy₃nocomposχtβsG−yG
nom−χnχnεG”ly”G₃nαG”l®”UG2010SG[ZSGdccXTdcdX 73

1731 Prβp₃r₃tχonGoδGsy−rχαGw₃tβxGP₃rtχclβsG₃nαGnorβâ��”πβllGP₃rtχclβsG–πrouεπGtπβG—sβGoδGnontrollβαG
“₃αχc₃lGPolymβrχz₃tχonG–βcπnχquβsGχnGlquβousGxβαχ₃UG2010SGXY]TXcZ 53

1730 zrε₃nχcVtnorε₃nχcGnomposχtβGw₃tβxβseG–πβGx₃rrχ₃εβGoδGpmulsχonGPolymβrχz₃tχonG₃nαGtnorε₃nχcG
nπβmχstryUG2010SG]ZTXYZ 112

1729 ”m₃llGorε₃nχcGmolβculβGtβmpl₃tχnεGsyntπβsχsGoδGorε₃nχcTχnorε₃nχcGπy−rχαGm₃tβrχ₃lseGtπβχrG
n₃nostructurβsG₃nαGpropβrtχβsUG2010SGYSGZYZTZ[ 82

Citation Report

6



1728 nπ₃ptβrGXXePlyâ��”χlχc₃â��nl₃yGy₃nocomposχtβsG−yGpmulsχonGPolymβrχz₃tχonUG2010SGYYZTY[Z

1727 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGpolymβrTχnorε₃nχcGn₃nocomposχtβsG−yGχnGsχtuGmβltG
polyconαβns₃tχonGoδGwTl₃ctχcG₃cχαG₃nαGsurδ₃cβTπyαroxyl₃tβαGxεzUG2010SGXXSGXc[bT]] 70

1726 xβcπ₃nχc₃lG₃nαG–πβrm₃lGPropβrtχβsUG2010SGXaZTXda 2

1725 ProspβctsGoδGn₃notβcπnoloεyGχnGclχnχc₃lGχmmunoαχ₃εnostχcsUG2010SGXWSGa]Z]TcX 43

1724 ProεrβssGχnGχonχcGorε₃nχcTχnorε₃nχcGcomposχtβGmβm−r₃nβsGδorGδuβlcβllG₃pplχc₃tχonsUG2010SGXSGZccT[Wc 131

1723 nomposχtβsGoδG“β₃ctχvβG”χlχc₃Gy₃nop₃rtχclβsG₃nαGPolyOεlycχαylGmβtπ₃cryl₃tβPGwχtπGwχnβ₃rG₃nαG
nrosslχnkβαGnπ₃χnsG−yGχnGsχtuGmulkGPolymβrχz₃tχonUG2010SGXbSGcZXTc[[ 3

1722 q₃−rχc₃tχonGoδGtrχ₃cβtylcβllulosβT”χzYGn₃nocomposχtβsG−yGsurδ₃cβGmoαχδχc₃tχonGoδGsχlχc₃G
n₃nop₃rtχclβsUG2010SGYaSGb]]]TaW 33

1721 —nβxpβctβαGδ₃cχlβGrβαχstrχ−utχonGoδG₃αsor−βαGsχlχc₃Gn₃nop₃rtχclβsG−βtwββnGl₃tβxβsUG2010SGXZYSGYXaaTc 38

1720 nomput₃tχon₃lGoβsχεnGoδGPolymβrGy₃nocomposχtβGno₃tχnεseGlGxultχsc₃lβGsχβr₃rcπχc₃lGlppro₃cπGδorG
m₃rrχβrGPropβrtyGPrβαχctχonUG2010SG[dSGbbXcTbbYb 15

1719 pδδβctGoδGp₃rtχclβGstructurβG₃nαGsurδ₃cβGcπβmχstryGonGPxxlG₃αsorptχonGtoGsχlχc₃Gn₃nop₃rtχclβsUG2010
SGYaSG]WbbTcb 28

1718 Prβp₃r₃tχonGoδGzrε₃nosolu−lβG”χlχc₃â��PolypβptχαβGP₃rtχclβsG−yGâ��nlχckâ��GnπβmχstryUG2010SG[ZSGaYTbW 47

1717 ”yntπβsχsGoδGpolyGO−βnzylGmβtπ₃cryl₃tβPVxεTpπyllosχlχc₃tβGn₃nocomposχtβsG−yGsurδ₃cβTχnχtχ₃tβαG
₃m−χβntGtβmpβr₃turβGl–“PUG2010SG[cSGZWWTZWa 8

1716 nontχnuousGsurδ₃cβGδunctχon₃lχz₃tχonGoδGδl₃mβTm₃αβG–χzYGn₃nop₃rtχclβsUG2010SGYaSG]cX]TYY 28

1715 “u−−βryGPolymβrâ��tnorε₃nχcGy₃nocomposχtβGxβm−r₃nβseGqrββG olumβGnπ₃r₃ctβrχstχcsGonG
”βp₃r₃tχonGPropβrtyUG2010SG[dSGXY[[[TXY[]X 34

1714 PolymβrGy₃nocomposχtβsGwχtπGnl₃yG₃nαGn₃r−onGy₃notu−βsUG2010SGcZTXXX 0

1713 oχβlβctrχcGPolymβrGy₃nocomposχtβsUG2010SG 170

1712 –r₃nsp₃rβntGπyαropπo−χcGαur₃−lβGlowGmoχsturβGpβrmβ₃tχonGpolyOδluoroχmχαβG₃cryl₃tβPV”χzYG
n₃nocomposχtβGδromGsolvβntlβssGpπotocur₃−lβGrβsχnGsystβmUG2010SGYWSGZWc[ 15

1711 ”yntπβsχsGoδGPolymβrTxβsoporousG”χlχc₃Gy₃nocomposχtβsUG2010SGZSG[WaaT[Wbd 141
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1710 ”χlχc₃Gπy−rχαGp₃rtχclβsGwχtπGn₃nomβtrβGpolymβrGsπβllsG₃nαGtπβχrGχnδluβncβGonGtπβGtouεπβnχnεGoδG
polypropylβnβUG2010SGYSGYYadTb[ 33

1709 PolymβrTmχcroporousGπostGχntβr₃ctχonsGpro−βαG−yGpπotolumχnβscβncβGspβctroscopyUG2010SGXYSGZWZXTb 2

1708 sollowGcπχtos₃nâ��sχlχc₃Gn₃nospπβrβsGδorGαoxoru−χcχnGαβlχvβryGtoGc₃ncβrGcβllsGwχtπGβnπ₃ncβαG
₃ntχtumorGβδδβctGχnGvχvoUG2011SGYXSGZX[b 24

1707  βrs₃tχlβGπy−rχαχz₃tχonGoδGconjuε₃tβαGpolymβrsGwχtπGsχlχc₃UG2011SGYXSGX[[WY 6

1706 Poly₃mχnβksχlχc₃Gπy−rχαGn₃noεr₃sseG−χomχmβtχcGδ₃−rχc₃tχonSGstructurβGcπ₃r₃ctβrχz₃tχonG₃nαGsurδ₃cβG
δunctχon₃lχz₃tχonUG2011SGYXSGXWbYW 14

1705 xoαχδχc₃tχonGoδGsχlχc₃G−yG₃nGorε₃nχcGmonol₃yβrGχnG₃quβousGmβαχumGusχnεGoctylpπospπonχcG₃cχαG₃nαG
₃lumχnχumGspβcχβsUG2011SGYXSGcXdd 18

1704 mχocomp₃tχ₃−lβGπollowGsχlχc₃GmχcrospπβrβsG₃sGnovβlGultr₃sounαGcontr₃stG₃εβntsGδorGχnGvχvoGχm₃εχnεUG
2011SGYXSGa]ba 73

1703 ”tructur₃lGm₃nχpul₃tχonGoδGcolloχα₃lGsχlχc₃UG2011SGZSGYZYdTZ] 1

1702 ”yntπβsχsGoδGyTπ₃l₃mχnβTδunctχon₃lχzβαGsχlχc₃TpolymβrGcorβTsπβllGn₃nop₃rtχclβsG₃nαGtπβχrGβnπ₃ncβαG
₃ntχ−₃ctβrχ₃lG₃ctχvχtyUG2011SGYYSGYd]aWY 58

1701 pvχαβncβGδorGtπβGp₃χrwχsβGαχsposχtχonGoδGεr₃δtχnεGsχtβsGonGπχεπlyGαβπyαroxyl₃tβαGsχlχc₃sGvχ₃GtπβχrG
rβ₃ctχonsGwχtπGr₃OnsZPZUG2011SGXZZSG[c[bT]] 39

1700 nontrollχnεGtπβG“₃αχ₃lGPosχtχonGoδGy₃nop₃rtχclβsGχnGlmpπχpπχlχcGmlockTnopolymβrGlssβm−lχβsUG2011SG
XX]SGbcZaTbc[Y 20

1699 Prβp₃r₃tχonG₃nαGβlβctrocπβmχc₃lGcπ₃r₃ctβrχz₃tχonGoδG₃Gc₃r−onGcβr₃mχcGβlβctroαβGmoαχδχβαGwχtπG
δβrrocβnβc₃r−oxylχcG₃cχαUG2011SGXXSGXZaXTb[ 25

1698 sy−rχαG”βmχconαuctorGy₃nop₃rtχclβseGˇ�Tnonjuε₃tβαGwχε₃nαsG₃nαGy₃nostructurβαGqχlmsUG2011SGYZSG[YbZT[Yd[ 40

1697 Poly−βnzox₃zχnβTPz””Gy₃nocomposχtβsUG2011SG]XbT][W

1696 Yd”χGyx“G₃nαG“₃m₃nGrlχmpsβsGχntoGtπβGxolβcul₃rG”tructurβsGoδGlcχαG₃nαGm₃sβG”βtG”χlχc₃GrβlsG
z−t₃χnβαGδromG–pz”G₃nαGy₃T”χlχc₃tβUG2011SGXX]SGY[bccTY[bdd 38

1695 rolαGn₃nop₃rtχclβGpro−βsGδorGtπβGαβtβctχonGoδGmβrcurySGlβ₃αG₃nαGcoppβrGχonsUG2011SGXZaSGcaZTbX 322

1694 xoαχδχc₃tχonGoδGy₃nosχlχc₃G”urδ₃cβG−yGxβtπylGxβtπ₃cryl₃tβG”χl₃nβGnouplχnεGlεβntsUG2011SG]XT][

1693 zptχc₃lG₃nαGβlβctrχc₃lGpropβrtχβsGoδGβlβctrocπβmχc₃llyGαβposχtβαGpoly₃nχlχnβVnβzYπy−rχαG
n₃nocomposχtβGδχlmUG2011SGZYSGW[ZWWX 24
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1692 nπ₃r₃ctβrχz₃tχonGoδGpolymβrTsχlχc₃Gn₃nocomposχtβGp₃rtχclβsGwχtπGcorβTsπβllGmorpπoloεχβsGusχnεG
xontβGn₃rloGsχmul₃tχonsG₃nαGsm₃llG₃nεlβG®Tr₃yGsc₃ttβrχnεUG2011SGYbSGcWb]Tcd 31

1691 –χmβTrβsolvβαGsm₃llT₃nεlβG®Tr₃yGsc₃ttβrχnεGstuαχβsGoδGpolymβrTsχlχc₃Gn₃nocomposχtβGp₃rtχclβseGχnχtχ₃lG
δorm₃tχonG₃nαGsu−sβquβntGsχlχc₃Grβαχstrχ−utχonUG2011SGXZZSGcYaTZb 31

1690 sχβr₃rcπχc₃lG₃ssβm−lyGoδGmχcroTVn₃noT−uχlαχnεG−lockseG−χoTχnspχrβαGrχεχαGstructur₃lGδunctχon₃lG
m₃tβrχ₃lsUG2011SG[WSGZba[Tc] 299

1689 cT₃mχnoquχnolχnβGδunctχon₃lχzβαGsχlχc₃Gn₃nop₃rtχclβseG₃GδluorβscβntGn₃nosβnsorGδorGαβtβctχonGoδG
αχv₃lβntGzχncGχnG₃quβousG₃nαGχnGyβ₃stGcβllGsuspβnsχonUG2011SGZSGXbZXTd 66

1688 n₃r−onGoχoxχαβT”βlβctχvβGq₃cχlχt₃tβαG–r₃nsportGxβm−r₃nβsGδorGsyαroεβnGPurχδχc₃tχonUG2011SGXX]TX[X 2

1687 PχckβrχnεGpmulsχonGPolymβrχz₃tχonG—sχnεGw₃ponχtβGnl₃yG₃sG”t₃−χlχzβrG–oGPrβp₃rβGlrmorβαGâ��”oδtâ��G
PolymβrGw₃tβxβsUG2011SG[[SGb[X]Tb[YY 150

1686 “₃αχc₃lGrr₃δtχnεGoδG–βtr₃δluoroβtπylβnβG₃nαG χnylχαβnβGqluorχαβG–βlomβrsGontoG”χlχc₃Gmβ₃rχnεG χnylG
rroupsUG2011SG[[SGaY[dTaY]b 21

1685 –πβrm₃lGnonαuctχvβGx₃tβrχ₃lsGm₃sβαGonGn₃r−onGy₃notu−βsG₃nαGrr₃pπβnβGy₃nosπββtsUG2011SGb]]Tbca 2

1684 ”yntπβsχsG₃nαGpβrδorm₃ncβGβv₃lu₃tχonGoδGpolyurβtπ₃nβVsχlχc₃Gπy−rχαGrβsχnsUG2011SG[WSG[dT]b 11

1683 nontrollχnεGtπβGzrχβnt₃tχonGoδGmlockGnopolymβrG–πχnGqχlmsGusχnεG–πβrm₃llyT”t₃−lβGrolαG
y₃nop₃rtχclβsGwχtπG–unβαG”urδ₃cβGnπβmχstryUG2011SG[[SGdZ]aTdZa] 53

1682 lllT₃crylχcGδχlmTδormχnεGcolloχα₃lGpolymβrVsχlχc₃Gn₃nocomposχtβGp₃rtχclβsGprβp₃rβαG−yG₃quβousG
βmulsχonGpolymβrχz₃tχonUG2011SGYbSGXXXYdT[[ 57

1681 PorosχtyG₃nαGsurδ₃cβGpropβrχtβsGoδG”mlTX]GwχtπGεr₃δtβαGPytPllxeG₃Gw₃tβrGsorptχonGc₃lorχmβtryG
stuαyUG2011SGYbSGXZcZcT[a 13

1680 mχonχcGmultχsχlχconGcopolymβrsGusβαG₃sGnovβlGcrossTlχnkχnεG₃εβntsGδorGprβp₃rχnεG₃nχonGβxcπ₃nεβG
πy−rχαGmβm−r₃nβsUG2011SGXX]SGa[b[TcZ 51

1679 ”yntπβsχsGoδGpolyTwTεlut₃mχcG₃cχαGεr₃δtβαGsχlχc₃Gn₃nop₃rtχclβsG₃nαGtπβχrG₃ssβm−lyGχntoGm₃croporousG
structurβsUG2011SGYbSGXYXY[TZZ 31

1678  βrs₃tχlβGδ₃−rχc₃tχonGoδGw₃tβrTαχspβrsχ−lβGn₃nop₃rtχclβâ��₃mpπχpπχlχcGcopolymβrGcomposχtβG
mχcrospπβrβsGwχtπGspβcχδχcGδunctχon₃lχtχβsUG2011SGYXSGacZb 16

1677 Poly−βnzχmχα₃zolβVsχlχc₃Gn₃nocomposχtβseGzrε₃nχcTχnorε₃nχcGπy−rχαGmβm−r₃nβsGδorGPpxGδuβlGcβllUG
2011SGYXSGX[cdb 93

1676 zrε₃nosχl₃nβGmoαχδχβαGsχlχc₃Vpolyαχmβtπylsχlox₃nβGmχxβαGm₃trχxGmβm−r₃nβsGδorGβnπ₃ncβαG
propylβnβVnχtroεβnGsβp₃r₃tχonUG2011SGY]cSGZZbTZ[] 37

1675 qluorβscβntGmβt₃lGn₃nosπβllG₃nαGnvXdGαβtβctχonGonGsχnεlβGcβllGχm₃εβUG2011SG[XZSG]ZTb
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1674 lpplχc₃tχonsGoδG₃αv₃ncβαGπy−rχαGorε₃nχcTχnorε₃nχcGn₃nom₃tβrχ₃lseGδromGl₃−or₃toryGtoGm₃rkβtUG2011SG
[WSGadaTb]Z 1060

1673 tnGsχtuGprβp₃r₃tχonGoδGδunctχon₃lχzβαGεr₃pπβnβGoxχαβVβpoxyGn₃nocomposχtβsGwχtπGβδδβctχvβG
rβχnδorcβmβntsUG2011SGYXSGXZYdW 325

1672 ”χlχconSGsχlχc₃G₃nαGχtsGsurδ₃cβGp₃ttβrnχnεV₃ctχv₃tχonGwχtπG₃lkoxyTG₃nαG₃mχnoTsχl₃nβsGδorGn₃nomβαχc₃lG
₃pplχc₃tχonsUG2011SGaSGYcXTZWW 28

1671 y₃notβcπnoloεχβsG₃nαGy₃nosβnsorseGquturβGlpplχc₃tχonsGδorGtπβGnonsβrv₃tχonGoδGnultur₃lGsβrχt₃εβUG
2011SG]XXT]Xb 2

1670 â��rr₃δtχnεGqromâ��GPolymβrχz₃tχonGoδG χnylχαβnβGqluorχαβGO oqPGδromG”χlχc₃GtoGlcπχβvβGzrχεχn₃lG
”χlχc₃â��P oqGnorβâ��”πβllsUG2011SG[[SGc[cbTc[dZ 28

1669 –₃χlorβαGcov₃lβntGεr₃δtχnεGoδGπβx₃δluoropropylβnβGoxχαβGolχεomβrsGontoGsχlχc₃Gn₃nop₃rtχclβseG
tow₃rαGtπβrm₃llyGst₃−lβSGπyαropπo−χcSG₃nαGolβopπo−χcGn₃nocomposχtβsUG2011SGYbSG[W]bTab 30

1668 ”χnεlβGstβpGπy−rχαGco₃tχnεGprocβssGtoGβnπ₃ncβGtπβGβlβctrostβrχcGst₃−χlχz₃tχonGoδGχnorε₃nχcGp₃rtχclβsUG
2011SGYbSGaaYYTb 17

1667 tmprovχnεGtπβG”tructurβG₃nαGPπysχc₃lGPropβrtχβsGoδGwoPpGqo₃msGusχnεG”χlχc₃Gy₃nop₃rtχclβsG₃sG₃nG
lααχtχvβUG2011SGZWSGaZTbc 12

1666 UG2011SG 78

1665 ”π₃pβGxβmoryGPolymβrGy₃nocomposχtβsUG2011SGX[bTXc[

1664 pδδβctsGoδGn₃r−onGy₃notu−βsGonGPolymβrGPπysχcsUG2011SGXXdTXcd 1

1663 nountβrTχonsGαχδδusχonGpropβrtχβsGoδGsχlχc₃Gβm−βααβαGpolyOpβrδluorosulδonχcPG₃cχαGmβm−r₃nβUG2011SG
ZcYSGYaYTYbW 5

1662 nomp₃rχsonGstuαyGoδGtπβGβδδβctGoδGP PG₃nαGPlytGn₃noδχ−βrsG₃ααχtχvβsGonGmβm−r₃nβGδorm₃tχonG
mβcπ₃nχsmSGstructurβG₃nαGpβrδorm₃ncβUG2011SGZc]TZcaSGXXWTXYY 80

1661 oyn₃mχcGlχεπtGsc₃ttβrχnεG₃nαGsm₃llT₃nεlβGnβutronGsc₃ttβrχnεGstuαχβsGonGpπβnolχcGrβsχnGsolutχonsUG
2011SG]YSG[Z]]T[ZaX 14

1660 ”tructurβSGαyn₃mχcsG₃nαGχntβr₃ctχonsGoδGcomplβxGsolâ��εβlGπy−rχαGm₃tβrχ₃lsGtπrouεπG””yx“G₃nαGo”neG
P₃rtGtSG−χn₃ryGsystβmsG−₃sβαGonGPpTPprG−lockGcopolymβrSGPs”G₃nαGsχlχc₃UG2011SG]YSG[]ZaT[][[ 8

1659 –πβGpχll₃rχnεGβδδβctGoδGtπβGXSYTαχmβtπylTZO−βnzylGβtπylGχsoT−utylGPz””PGχmχα₃zolχumGc₃tχonGχnG
polymβrVmontmorχllonχtβGn₃nocomposχtβsUG2011SG]YSG]ZZ]T]Z[Z 12

1658 q₃−rχc₃tχonGoδGcπβmχc₃llyG−onαβαGpoly₃cryl₃tβVsχlχc₃Gπy−rχαGδχlmsGwχtπGπχεπGsχlχconGcontβntsG−yGtπβG
solâ��εβlGmβtπoαUG2011SGbXSGZbaTZcZ 32

1657 yβwGpπotosβnsχtχvβGcolorlβssGpolyχmχαβTsχlχc₃Gπy−rχαGoptχc₃lGm₃tβrχ₃lseG”yntπβsχsSGpropβrtχβsG₃nαG
p₃ttβrnχnεUG2011SGXYaSGY[TZW 27
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1656 –χt₃nχumGoxoTclustβrseGprβcursorsGδorG₃GwβεoTlχkβGconstructχonGoδGn₃nostructurβαGπy−rχαGm₃tβrχ₃lsUG
2011SG[WSGXWWaTZW 295

1655 xβsoporousGsχlχc₃Gn₃nop₃rtχclβsGδorG−χo₃αsorptχonSGβnzymβGχmmo−χlχs₃tχonSG₃nαGαβlχvβryGc₃rrχβrsUG
2011SGZSGYcWXTXc 449

1654 y₃nosc₃lβGmβt₃lTorε₃nχcGδr₃mβworksGδorG−χomβαχc₃lGχm₃εχnεG₃nαGαruεGαβlχvβryUG2011SG[[SGd]bTac 1666

1653 qunctχon₃lGvχrusT−₃sβαGpolymβrTprotβχnGn₃nop₃rtχclβsG−yG₃tomGtr₃nsδβrGr₃αχc₃lGpolymβrχz₃tχonUG
2011SGXZZSGdY[YT] 158

1652 pδδβctGoδG₃crylχcG₃cχαG₃nαGπyαroxyβtπylGmβtπ₃cryl₃tβGmoαχδχβαGn₃noT”χzYGp₃rtχclβsGonGpolyOmβtπylG
mβtπ₃cryl₃tβTπyαroxyβtπylGmβtπ₃cryl₃tβPGso₃pTδrββGβmulsχonGpolymβrχz₃tχonUG2011SGXcSGaX]TaYW 7

1651 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδG−oronTαopβαGmχYzZGTGw₃YzZGδχ−βrGαβrχvβαGn₃nocomposχtβG
prβcursorUG2011SGXcSGXdddTYWW[ 12

1650 oχmβtπylGsχl₃nβTmoαχδχβαGsχlχc₃GχnGpolyαχmβtπylsχlox₃nβG₃sGε₃sGpβrmβ₃tχonGmχxβαGm₃trχxGmβm−r₃nβUG
2011SGXcSGY[X]TY[Y[ 23

1649 lGnβwGsurδ₃cβGmoαχδχc₃tχonGmβtπoαGtoGχmprovβGtπβGαχspβrsχtyGoδGn₃noTsχlχc₃GχnGorε₃nχcGsolvβntsUG
2011SG]cSGYdWTYd] 9

1648 –rχplβTπy−rχαGsu−TmχcronGp₃rtχclβseGlεkpolymβrksχlχc₃UG2011SG]dSGXd[TYWZ 5

1647 ”yntπβsχsSGmβcπ₃nχc₃lSG₃nαG−₃rrχβrGpropβrtχβsGoδGwoPpVεr₃pπβnβGn₃nocomposχtβsGusχnεGvχnylG
trχβtπoxysχl₃nβG₃sG₃GcouplχnεG₃εβntUG2011SGXZSGcadTcbc 73

1646 znβTpotG−χosyntπβsχsGoδGpolymβrâ��χnorε₃nχcGn₃nocomposχtβsUG2011SGXZSGYaaXTYabW 10

1645 Prβp₃r₃tχonGoδG₃lmostGαχspβrs₃ntTδrββGcolloχα₃lGsχlχc₃GwχtπGsupβr−Gαχspβrsχ−lχlχtyGχnGorε₃nχcGsolvβntsG
₃nαGmonomβrsUG2011SGXZSGZcc]TZcdb 16

1644 –πχnnχnεGαownGoδGpolymβrGm₃trχxG−yGβntr₃ppχnεGsχlχc₃Gn₃nop₃rtχclβsUG2011SGYcdSGb]XTb]c 5

1643 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGpolyvχnylG₃cβt₃tβVmontmorχllonχtβGn₃nocomposχtβG−yGχnGsχtuG
βmulsχonGpolymβrχz₃tχonGtβcπnχquβUG2011SGaaSGXY]]TXYa] 22

1642 m₃llGmχllχnεGprβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGpolyGOβtπβrGβtπβrGkβtonβPVsurδ₃cβGmoαχδχβαGsχlχc₃G
n₃nocomposχtβUG2011SGYWbSGYdaTZWZ 45

1641 pδδβctGoδGorε₃nocl₃yGlo₃αχnεG₃nαGβlβctronG−β₃mGχrr₃αχ₃tχonGonGtπβGpπysχcoTmβcπ₃nχc₃lGpropβrtχβsGoδG
lowTαβnsχtyGpolyβtπylβnβVβtπylβnβTvχnylG₃cβt₃tβG−lβnαUG2011SGYYSGYZ]YTYZ]d 6

1640 mχo−₃sβαGcy₃n₃tβGβstβrGcomposχtβsGwχtπGβpoxχαχzβαGsoy−β₃nGoχlG₃nαGχnGsχtuGεβnβr₃tβαGn₃noTsχlχc₃UG
2011SG]XSG[YaT[ZZ 12

1639 ”yntπβsχsG₃nαGpropβrtχβsGoδG₃Gαβutβr₃tβαGpπβnolχcGrβsχnUG2011SG[dSG[d[XT[d[b 18

(2011-2011)

11



1638 –unχnεGtπβGmβcπ₃nχc₃lGpropβrtχβsGχnGmoαβlGn₃nocomposχtβseGtnδluβncβGoδGtπβGpolymβrTδχllβrG
χntβrδ₃cχ₃lGχntβr₃ctχonsUG2011SG[dSGbcXTbdX 66

1637 ”tuαyGoδGtπβGtπβrm₃lGst₃−χlχz₃tχonGmβcπ₃nχsmGoδG−χoαβεr₃α₃−lβGpolyOwTl₃ctχαβPVsχlχc₃G
n₃nocomposχtβsUG2011SGaWSGYWYTYXW 58

1636  χscoβl₃stχcG−βπ₃vχorGoδGpolyO−utylGmβtπ₃cryl₃tβPGαβnsβlyGεr₃δtβαGonGsχlχc₃Gn₃nop₃rtχclβsUG2011SGaWSGXXd[TXYWW 11

1635 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGβpoxyGrβsχnGmoαχδχβαGwχtπG₃lkoxysχl₃nβTGδunctχon₃lχzβαG
polyOurβtπ₃nβTχmχαβPG−yGtπβGsolâ��εβlGprocβssUG2011SGaWSGX]d[TX]dd 17

1634 –πβGβδδβctGoδGn₃nospπβrβsGonGtπβGpβrmβ₃−χlχtyGoδGPlaV”χzYGn₃nocomposχtβsUG2011SGaWSGXaWWTXaWa 11

1633 y₃noβnεχnββrβαGδχlmsGvχ₃Gsurδ₃cβTconδχnβαGcontχnuousG₃ssβm−lyGoδGpolymβrsUG2011SGbSGYcaZTb 39

1632 ”pπβrulχtβGrrowtπG“₃tβGχnGPolypropylβnβV”χlχc₃Gy₃nop₃rtχclβGnomposχtβseGpδδβctGoδGP₃rtχclβG
xorpπoloεyG₃nαGnomp₃tχ−χlχzβrUG2011SGYdaSGb[[Tb]X 20

1631 Prβp₃r₃tχonG₃nαGpropβrtχβsGoδG₃quβousGc₃storGoχlT−₃sβαGpolyurβtπ₃nβTsχlχc₃Gn₃nocomposχtβG
αχspβrsχonsGtπrouεπG₃GsolTεβlGprocβssUG2011SGZYSGXZZXTb 84

1630
pδδβctGoδGβvolvβαGχntβr₃ctχonsGχnGpolyO−utylβnβGsuccχn₃tβPVδumβαGsχlχc₃G−χoαβεr₃α₃−lβGχnGsχtuG
prβp₃rβαGn₃nocomposχtβsGonGmolβcul₃rGwβχεπtSGm₃tβrχ₃lGpropβrtχβsSG₃nαG−χoαβεr₃α₃−χlχtyUG2011SG
XXdSGYWXWTYWY[

50

1629 Prβp₃r₃tχonG₃nαGpropβrtχβsGoδGcorβâ��sπβllGn₃nosχlχc₃VpolyOmβtπylGmβtπ₃cryl₃tβâ��−utylG
₃cryl₃tβâ��YSYSYTtrχδluoroβtπylGmβtπ₃cryl₃tβPGl₃tβxUG2011SGXYWSGXX]YTXXaX 36

1628 ”yntπβsχsG₃nαGtπβrm₃lGcπ₃r₃ctβrχz₃tχonGoδGpπβnolχcGrβsχnVsχlχc₃Gn₃nocomposχtβsGprβp₃rβαGwχtπGπχεπG
sπβ₃rGr₃tβTmχxχnεGtβcπnχquβUG2011SGXYWSGYaZYTYa[W 36

1627 lntχ−₃ctβrχ₃lG₃ctχvχtyG₃nαG₃ntχst₃tχcGcomposχtβsGoδGpolyβstβrVlεT”χzYGprβp₃rβαG−yG₃Gsolâ��εβlGmβtπoαUG
2011SGXYXSGYXdZTYYWX 14

1626 oχβlβctrχcG₃nαGmorpπoloεχc₃lGstuαχβsGonGpolyβstβrVn₃nosχlχc₃GδumβGcomposχtβsUG2011SGXYYSGbX[TbYX 12

1625 sollowGspπβrβsGwχtπG˛–TcycloαβxtrχnGn₃notu−βG₃ssβm−lβαGsπβllsUG2011SGcZSGXaXXTXaXa 1

1624 nomposχtβsGoδGpolypropylβnβGmβltG−lβnαβαGwχtπGsyntπβsχzβαGsχlχc₃Gn₃nop₃rtχclβsUG2011SGbXSG]Z]T][W 62

1623 sy−rχαGprotonGconαuctχnεGmβm−r₃nβsG−₃sβαGonGsulδon₃tβαGcrossTlχnkβαGpolysχlox₃nβGnβtworkGδorG
αχrβctGmβtπ₃nolGδuβlGcβllUG2011SGXdaSG]cWZT]cXW 30

1622 nrosslχnkβαGpolyvχnyl₃lcoπolâ��polysχlox₃nβVδumβαGsχlχc₃GmχxβαGm₃trχxGmβm−r₃nβsGcont₃χnχnεG
₃mχnβsGδorGnzYVsYGsβp₃r₃tχonUG2011SGZabSGdXTXWY 106

1621 tnδluβncβGoδGπyαropπχlχcGsχlχc₃Gn₃nop₃rtχclβsGtoGtπβGconδorm₃tχonGoδGπyαropπχlχcGpolymβrGcπ₃χnGχnG
αχlutβGsolutχonGsystβmUG2011SGZ]ZSG]YTaW 5
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1620 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGn₃nostructur₃lGpolymβrTsχlχc₃GcomposχtβeGposχtronG₃nnχπχl₃tχonG
lχδβtχmβGspβctroscopyGstuαyUG2011SGZ]cSGYacTba 42

1619 zrε₃nχcâ��χnorε₃nχcGn₃nocomposχtβGpolymβrGβlβctrolytβGmβm−r₃nβsGδorGδuβlGcβllG₃pplχc₃tχonsUG2011SG
ZaSGd[]Tdbd 437

1618 ”ulδon₃tβαGπyαroc₃r−onGmβm−r₃nβsGδorGmβαχumTtβmpβr₃turβG₃nαGlowTπumχαχtyGprotonGβxcπ₃nεβG
mβm−r₃nβGδuβlGcβllsGOPpxqnsPUG2011SGZaSGX[[ZTX[dc 530

1617 rr₃δtχnεGoδGpolymβrsGδromGβlβctroαβposχtβαGm₃croT“lq–Gχnχtχ₃torsGonGconαuctχnεGsurδ₃cβsUG2011SG
bXSGdZcTd[Y 16

1616 –πβGβδδβctGoδG–χzYGn₃nop₃rtχclβsGonGε₃sGtr₃nsportGpropβrtχβsGoδGx₃trχmχα]YXcT−₃sβαGmχxβαGm₃trχxG
mβm−r₃nβsUG2011SGbbSGXYcTXZa 154

1615 xonomβrVmoαχδχβαGn₃nosχlχc₃GsystβmseGPπotopolymβrχz₃tχonGkχnβtχcsG₃nαGcomposχtβG
cπ₃r₃ctβrχz₃tχonUG2011SG]YSGX[d]TX]WZ 34

1614 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδG−χon₃nocomposχtβsGoδGpolyOl₃ctχcG₃cχαPG₃nαG–χzYGn₃nowχrβsG−yGχnG
sχtuGpolymβrχz₃tχonUG2011SG]YSGYZabTYZb] 53

1613 lnGultr₃TsβnsχtχvβGcπβmχlumχnβscβncβGχmmunosβnsorGoδGc₃rcχnoβm−ryonχcG₃ntχεβnGusχnεG
s“PTδunctχon₃lχzβαGmβsoporousGsχlχc₃Gn₃nop₃rtχclβsG₃sGl₃−βlsUG2011SGX]]SG]]bT]aX 65

1612 Polyπβαr₃lGolχεomβrχcGsχlsβsquχox₃nβGtrχsχl₃nolsG₃sGpχεmβntGsurδ₃cβGmoαχδχβrsGδorGδluoropolymβrG
−₃sβαG–πχcknβssG”βnsχtχvβG”pβctr₃llyG”βlβctχvβGO–”””PGp₃χntGco₃tχnεsUG2011SGd]SG[YZT[ZX 29

1611 Prβp₃r₃tχonG₃nαGtπβrm₃lGpropβrtχβsGoδGpolystyrβnβVsχlχc₃Gn₃nocomposχtβsUG2011SG]X]SGXT] 54

1610 n₃nGn₃nop₃rtχclβsGrβ₃llyGβnπ₃ncβGtπβrm₃lGst₃−χlχtyGoδGpolymβrsjGP₃rtGteGlnGovβrvχβwGonGtπβrm₃lG
αβcomposχtχonGoδG₃ααχtχonGpolymβrsUG2011SG]YZSGXTY[ 320

1609 n₃nGn₃nop₃rtχclβsGrβ₃llyGβnπ₃ncβGtπβrm₃lGst₃−χlχtyGoδGpolymβrsjGP₃rtGtteGlnGovβrvχβwGonGtπβrm₃lG
αβcomposχtχonGoδGpolyconαβns₃tχonGpolymβrsUG2011SG]YZSGY]T[] 179

1608 lGsχmplβG₃nαGβδδχcχβntGl₃rεβTsc₃lβGsyntπβsχsGoδGZTπyαroxypπtπ₃l₃nsGvχ₃Gox₃TPχctβtâ��”pβnεlβrGrβ₃ctχonG
c₃t₃lyzβαG−yGn₃nosχlχc₃GsulδurχcG₃cχαUG2011SG]YSGXYXZTXYXa 25

1607 ”tuαyGoδGtπβGPrβp₃r₃tχonG₃nαGPropβrtχβsGoδGPm–VppoxyV”χzYGy₃nocomposχtβsUG2011SG]WSGdabTdb[ 8

1606 ”χlχc₃Tcont₃χnχnεGδluorχn₃tβαGpolyO₃mχαβTχmχαβPGπy−rχαGδχlmsUG2011SGYZSGZaYTZbZ 13

1605 xχcroc₃psulβT−₃sβαGm₃tβrχ₃lsGδorGβlβctropπorβtχcGαχspl₃ysUG2011SGXZ]dSGXd

1604 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχs₃tχonGoδG−χo₃ctχvβGπyαroxy₃p₃tχtβâ��sχlχc₃GcomposχtβGn₃nopowαβrsGvχ₃G
solâ��εβlGmβtπoαGδorGmβαχc₃lG₃pplχc₃tχonsUG2011SGXXWSGcTX[ 19

1603 q₃−rχc₃tχonG₃nαGPropβrtχβsGoδG”π₃pβGxβmoryGPolyurβtπ₃nβG”urδ₃cβGxoαχδχβαG ₃porGrrownGn₃r−onG
y₃noδχ−βrGnomposχtβsUG2011SGYZdTY[YSGc]]Tc]d
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1602 qunctχon₃lχz₃tχonGoδG”χlχc₃Gy₃nop₃rtχclβsGδorGPolypropylβnβGy₃nocomposχtβGlpplχc₃tχonsUG2012SG
YWXYSGXTc 28

1601 wχεπtTwβχεπtGn₃nocomposχtβGm₃tβrχ₃lsGwχtπGβnπ₃ncβαGtπβrm₃lGtr₃nsportGpropβrtχβsUG2012SGXSGZaZTZba 20

1600 Prβp₃r₃tχonG₃nαGtπβrm₃lGpropβrtχβsGoδGmβsoporousGsχlχc₃VpπβnolχcGrβsχnGn₃nocomposχtβsGvχ₃GχnGsχtuG
polymβrχz₃tχonUG2012SGaSGbcZTbdZ 18

1599 ”yntπβsχsGoδGxβtπ₃cryloxypropyltrχmβtπoxysχl₃nβGrr₃δtχnεG”χlχc₃GnryoεβlsG—sχnεG®ylβnβG₃sG”olvβntUG
2012SG]XYT]X]SG]aZT]ab 1

1598 “βsponsβGoδG”χlχc₃TyylonaGy₃nocomposχtβsGtoG”t₃tχcG₃nαGoyn₃mχcGwo₃αχnεUG2012SGbWaTbWdSGbcaTbdY

1597 znβTPotG”yntπβsχsGoδGnomposχtβGy₃noTn₃psulβsGwχtπGP₃r₃δδχnG₃sGnorβG₃nαGPxxlT”χzYG₃sG”πβllG−yG
tntβrδ₃cχ₃lGsyαrolysχsG₃nαGPolymβrχz₃tχonUG2012SGbYYSGbXTb]

1596 yz pwGtyG”t–—G”twtnlVPzw±otxp–s±w”twz®lypGylyznzxPz”t–p”eGqlntwpGzypTPz–G”±y–sp”t”G
lyoGnsl“ln–p“t²l–tzyUG2012SGc]SGdYTXWb 9

1595 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGsχlχc₃Gtχt₃nχumGn₃nop₃rtχclβsGusχnεGsolGεβlGprocβssUG2012SG

1594 Prβp₃r₃tχonGoδGy₃rrowlyGoχspβrsβαGy₃nospπβrβsGm₃sβαGonGoχ₃zonχumTPolystyrβnβG₃nαG–πβχrG”t₃−lβG
xχcrop₃ttβrnsUG2012SGXZ]SGXWZTXWd 6

1593 ”yntπβsχsGoδGP”TεT–χzYGy₃nocomposχtβsGtπrouεπG₃G”χmplβGxβtπoαGoδG”urδ₃cβGtnχtχ₃tβαG“₃αχc₃lG
Polymβrχz₃tχonUG2012SG]acSGXaYTXad

1592 xoαχδχc₃tχonGoδGolmlVmxtGnomposχtβsG−yG”χl₃nβGnompounαG₃nαGqumβαG”χzYUG2012SGaYYTaYZSGXWWaTXWXZ

1591 nryst₃llχz₃tχonG−βπ₃vχorGoδGpoly−ut₃αχβnβGcont₃χnχnεGsχlχc₃Gp₃rtχclβsUG2012SGXYcSGnV₃TnV₃

1590 ”yntπβsχsG₃nαGpropβrtχβsGoδGn₃nosχzβαGsχlvβrGc₃t₃lystGsupportβαGonGcπχtos₃nTsχlχc₃Gn₃nocomposχtβsUG
2012SG 1

1589 xχcroc₃psulβT−₃sβαGm₃tβrχ₃lsGδorGβlβctropπorβtχcGαχspl₃ysUG2012SGYbSGa]ZTaaY 13

1588 ”yntπβsχsGoδGxonoαχspβrsβG[βm₃χl´ protβctβαÜYGnorβâ��”πβllGP₃rtχclβsG₃nαGsollowG”χzYG”pπβrβsUG2012SG
Y[SG]ZaT][Y 87

1587 oylGqunctχon₃lGrolαG₃nαG”χlvβrGy₃nom₃tβrχ₃lsGδorGmχo₃n₃lysχsUG2012SGYcbTZYY 2

1586 n₃tχonGβxcπ₃nεβGP lV”PPzV”χzYGmβm−r₃nβsGwχtπGαou−lβGorε₃nχcGpπ₃sβsGδorG₃lk₃lχGrβcovβryUG2012SG
[YZT[Y[SGZcZTZdX 37

1585 ”yntπβsχsGoδGpolymβrâ��χnorε₃nχcGδχllβrGn₃nocomposχtβsGχnGsupβrcrχtχc₃lGnzYUG2012SGbXSG[]TaZ 56
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1584 pδδβctsGoδGβnc₃psul₃tχonGoδGmχcroorε₃nχsmsGonGproαuctGδorm₃tχonGαurχnεGmχcro−χ₃lGδβrmβnt₃tχonsUG
2012SGdaSGX[[XT][ 36

1583 –πβGχnδluβncβsGoδGtπβGtr₃nsδβrGmβtπoαG₃nαGp₃rtχclβGsurδ₃cβGcπβmχstryGonGtπβGαχspβrsχonGoδG
n₃nop₃rtχclβsGχnGn₃nocomposχtβsUG2012SG[SGac]aTaY 4

1582 PolypβptχαβGcorβâ��sπβllGsχlχc₃Gn₃nop₃rtχclβsGwχtπGπχεπGεr₃δtχnεGαβnsχtyG−yGyTc₃r−oxy₃nπyαrχαβGOynlPG
rχnεGopβnχnεGpolymβrχz₃tχonG₃sGrβsponsχvβGm₃tβrχ₃lsG₃nαGδorG−χoconjuε₃tχonUG2012SGZSGXYab 59

1581 plβctrost₃tχcGεr₃δtχnεGoδG₃GtrχpπβnylpπospπχnβGsulδon₃tβGonG”mlTX]eG₃pplχc₃tχonGχnGp₃ll₃αχumG
c₃t₃lyzβαGπyαroεβn₃tχonUG2012SGYSGXXcc 11

1580 lssβm−lyGoδGPolymβrTrr₃δtβαGx₃εnβtχcGy₃nop₃rtχclβsGχnGPolymβrGxβltsUG2012SG[]SGZ[aZTZ[bW 68

1579 mχoχnspχrβαG₃ppro₃cπβsGδorGoptχmχzχnεGtπβGstrβnεtπG₃nαGtouεπnβssGoδGεr₃pπβnβT−₃sβαGpolymβrG
n₃nocomposχtβsUG2012SGYYSGXaXcY 39

1578 ”urδ₃cβG–rβ₃tβαGxontmorχllonχtβeG”tructur₃lG₃nαG–πβrm₃lGPropβrtχβsGoδGnπχr₃lG
PolyOlmχαβTtmχαβPVzrε₃nocl₃yGmχon₃nocomposχtβsGnont₃χnχnεGy₃tur₃lGlmχnoGlcχαsUG2012SGYYSGdYdTdZb 17

1577 ”olâ��εβlGαβrχvβαGorε₃nχcâ��χnorε₃nχcGπy−rχαGsor−βntGδorGrβmov₃lGoδGP−YRSGnαYRG₃nαGnuYRGδromG
₃quβousGsolutχonUG2012SGa[SG[XcT[Ya 25

1576 tnδluβncβGoδG— Gχrr₃αχ₃tχonG₃nαGtwoGpπotonGprocβssχnεGonGtπβGcχnn₃m₃tβGmonomβrsGpolymβrχz₃tχonG
₃nαGδorm₃tχonGoδGπy−rχαGcomposχtβsGwχtπGn₃nosχzβαG²nzUG2012SG[cSGXdbaTXdcb 7

1575 –χmβTαβpβnαβntGδr₃cturβGtouεπnβssGoδGδumβαGsχlχc₃VβpoxyGn₃nocomposχtβsUG2012SG[aSGXdbZTXdcZ 9

1574 ”yntπβsχsGoδGpolymβrVχnorε₃nχcGn₃nocomposχtβGδχlmsGusχnεGπχεπlyGporousGχnorε₃nχcGsc₃δδolαsUG2012SG
[SGYZYaTZY 13

1573 x₃tβrχ₃lGscχβncβGδorGtπβGsupportGαβsχεneG₃GpowβrδulGcπ₃llβnεβGδorGc₃t₃lysχsUG2012SGYSGabZ 38

1572 ”l®”G₃nαG”ly”Gcπ₃r₃ctβrχz₃tχonGoδGεβl₃−lβGpolystyrβnβT−TpolyO₃cryloxyGpropylGtrχβtπoxysχl₃nβPG
OP”T−TPlP–p”PGαχ−lockGcopolymβrGmχcβllβsG−βδorβG₃nαG₃δtβrGπyαrolysχsâ��conαβns₃tχonUG2012SGcSGa]a[ 3

1571 ”ystβm₃tχcGtnvβstχε₃tχonGoδGoχspβrsχonsGoδG—nmoαχδχβαGtnorε₃nχcGy₃nop₃rtχclβsGχnGzrε₃nχcG”olvβntsG
wχtπGqocusGonGtπβGs₃nsβnG”olu−χlχtyGP₃r₃mβtβrsUG2012SG]XSGZYbTZZ[ 38

1570 x₃ppχnεGtπβGloc₃tχonGoδGεr₃δtβαGPytPllxGχnGmβsoporousG”mlTX]Gsχlχc₃GusχnεGε₃sG₃αsorptχonG
₃n₃lysχsUG2012SGX[SG]a]XTaX 23

1569 q₃cχlβSGβδδχcχβntGsyntπβsχsGoδG₃Gpπospπχn₃tβαGπyαroxylGαχ₃mχnβG₃nαGpropβrtχβsGoδGχtsG
πχεπTpβrδorm₃ncβGpolyOπyαroxylGχmχαβsPG₃nαGpolyχmχαβâ��”χzYGπy−rχαsUG2012SGZSGYcab 11

1568 PolymβrGn₃nocomposχtβGco₃tχnεsUG2012SGaW]TaZc 17

1567 oyn₃mχcGβlβctrχc₃lGrβsponsβGoδGπyαroεβlTlo₃αβαGmχcrocπ₃nnβlsUG2012SGcSGcWd[ 3
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1566 ”yntπβsχsG₃nαGnπ₃r₃ctβrχz₃tχonGoδGPolyOoxyβtπylβnβGmβtπ₃cryl₃tβPGno₃tβαG–χzYGy₃nop₃rtχclβsGvχ₃G
”urδ₃cβG–πχolTw₃ct₃mGtnχtχ₃tβαG“₃αχc₃lGPolymβrχz₃tχonUG2012SG]a]SGccTdb 3

1565 PosχtronG₃nnχπχl₃tχonG₃nαGyYG₃αsorptχonGδorGn₃noporβGαβtβrmχn₃tχonGχnGsχlχc₃TpolymβrGcomposχtβsUG
2012SGYSGZbYd 30

1564 ²wχttβrχonχcGsχlχc₃GcopolymβrG−₃sβαGcrosslχnkβαGorε₃nχcâ��χnorε₃nχcGπy−rχαGpolymβrGβlβctrolytβG
mβm−r₃nβsGδorGδuβlGcβllG₃pplχc₃tχonsUG2012SGYSGXd[d 32

1563 Polymβrâ��χnorε₃nχcGπy−rχαGmχcrop₃rtχclβsGwχtπGπχβr₃rcπχc₃lGstructurβsGδormβαG−yGχntβrδ₃cχ₃lG
χnst₃−χlχtχβsGoδGβmulsχonGαroplβtsUG2012SGcSGYadb 10

1562 syαropπo−χcG₃nαGδlβxχ−lβGconαuctχvβGδχlmsGconsχstχnεGoδGPpoz–eP””TPmlVδluorχnβTmoαχδχβαGsχlχc₃G
₃nαGtπβχrGpβrδorm₃ncβGχnGwβ₃tπβrGst₃−χlχtyUG2012SGYYSGX[W[Y 40

1561 yβwGχnsχεπtsGχntoGtπβG₃αsorptχonGoδGZTOtrχmβtπoxysχlylPpropylmβtπ₃cryl₃tβGonGπyαroxyl₃tβαG²nzG
n₃nopowαβrsUG2012SGYcSGZYdWTb 46

1560 Prβp₃r₃tχonGoδGP”GnolloχαsGwχtπGoxlG₃nαGxxlGnomonomβrsG₃nαG”uχt₃−χlχtyGoδGPO”VoxlPGδorG
nolloχα₃lG”χlχc₃GoβposχtχonUG2012SG[dSGacWTacc 4

1559 sχεπlyG–r₃nsp₃rβntG₃nαGxultχδunctχon₃lGPolymβrGy₃noπy−rχαGqχlmGwχtπG”upβrπχεπG²nzGnontβntG
”yntπβsχzβαG−yG₃GmulkGPolymβrχz₃tχonGxβtπoαUG2012SG]XSGab]ZTab]d 25

1558 sχεπGstrβnεtπGoδGpπysχc₃lGπyαroεβlsG−₃sβαGonGpolyO₃crylχcG₃cχαPTεTpolyOβtπylβnβGεlycolPGmβtπylG
βtπβreGrolβGoδGcπ₃χnG₃rcπχtβcturβGonGπyαroεβlGpropβrtχβsUG2012SGXXaSGXYWZcT[b 33

1557 psG“βsponsχvβGsy−rχαG²wχttβrχonomβrGδorGProtβχnG”βp₃r₃tχoneG”m₃rtGy₃nostructurβαGlαsor−βntUG
2012SG]XSGZWX]TZWYY 21

1556 —ltr₃vχolβtTr₃αχ₃tχonTcurχnεGoδG₃nGorε₃nχc₃llyGmoαχδχβαGsχlχc₃tβT−₃sβαGm₃tβrχ₃lGsystβmGwχtπGβpoxyG
δunctχon₃lχtySG₃nαGtπβGrolβGoδGtχt₃nχumUG2012SGcXSGXZY[TXZYb 6

1555 ”yntπβsχsGoδG₃lumχnχumGn₃nop₃rtχclβsGχnG₃GPPGm₃trχxGαurχnεGmβltGprocβssχnεeGpδδβctGoδGtπβG₃lkoxχαβG
orε₃nχcGcπ₃χnUG2012SGbYSGbWZTbXY 17

1554 Prβp₃r₃tχonG₃nαGpropβrtχβsGoδGmβltTχntβrc₃l₃tβαGlχnβ₃rGlowGαβnsχtyGpolyβtπylβnβVcl₃yG
n₃nocomposχtβGδχlmsGprβp₃rβαG−yG−lowGβxtrusχonUG2012SG[cSG[ZT]X 49

1553 r₃sGpβrmβ₃−χlχtyGpropβrtχβsGoδGαβcor₃tβαGxnxT[XVpolyβtπylβnβGπy−rχαsGprβp₃rβαG−yGχnTsχtuG
polymβrχz₃tχonUG2012SG[X]T[XaSGbWYTbXX 33

1552 Prβp₃r₃tχonGoδGpolymβrVsχlχc₃Gπy−rχαGπ₃rαGco₃tχnεsGwχtπGβnπ₃ncβαGπyαropπo−χcχtyGonGpl₃stχcG
su−str₃tβsUG2012SGZ]cSGbYTba 46

1551 lGnovβlGcπβmχlumχnβscβncβGχmmuno₃ss₃yGoδGst₃pπylococc₃lGβntβrotoxχnGmGusχnεG
s“PTδunctχon₃lχsβαGmβsoporousGsχlχc₃Gn₃nop₃rtχclβG₃sGl₃−βlUG2012SGXZ]SGYWcTYXY 29

1550 sy−rχαGsχlχc₃TP lGn₃noδχ−βrsGvχ₃GsolTεβlGβlβctrospχnnχnεUG2012SGYcSG]cZ[T[[ 181

1549 znβTpotGsyntπβsχsGoδGspπβrβsTonTspπβrβGsχlχc₃Gp₃rtχclβsGδromG₃GsχnεlβGprβcursorGδorGδ₃stGsPwnGwχtπG
lowG−₃ckGprβssurβUG2012SGY[SGaW[YTc 47
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1548 znβTPotGPrβp₃r₃tχonGoδGnorβâ��”πβllSGzrε₃nχcâ��tnorε₃nχcSGsy−rχαGw₃tβxβsG−yGtnG”χtuGy₃nop₃rtχclβG
Prβcχpχt₃tχonGχnGPχckβrχnεGpmulsχonGPolymβrχz₃tχonUG2012SGYXZSGXd[[TXd]Y 9

1547 “πβoloεyG₃nαG−χoαβεr₃α₃tχonGoδGpolyl₃ctχαβVsχlχc₃Gn₃nocomposχtβsUG2012SGZZSGXbXdTXbYb 67

1546 tmprovβmβntGoδGpoly₃mχαβGXWXWGwχtπGsχlχc₃Gn₃nospπβrβsGvχ₃GχnGsχtuGmβltGpolyconαβns₃tχonUG2012SG
ZZSGXbbWTXbba 15

1545 ”βlδTorε₃nχz₃tχonGχnGtπβGcπχtos₃nTcl₃yGn₃nop₃rtχclβsGsystβmGrβεul₃tβαGtπrouεπGpolys₃ccπ₃rχαβG
m₃cromolβculβGcπ₃rεχnεUGXUGsyαroεβlsUG2012SGb[SGaYbTaZ] 14

1544 Prβp₃r₃tχonGoδGsχlχc₃Gn₃nospπβrβsG₃nαGporousGpolymβrGmβm−r₃nβsGwχtπGcontrollβαGmorpπoloεχβsG
vχ₃Gn₃nopπ₃sβGsβp₃r₃tχonUG2012SGbSG[[W 8

1543 qunctχon₃lχzβαGy₃nop₃rtχclβsG₃nαGnπχtos₃nTm₃sβαGqunctχon₃lGy₃nom₃tβrχ₃lsUG2012SGXT]W 3

1542 ”tβrχc₃llyG”t₃−χlχzβαGy₃nop₃rtχclβsGχnG”olutχonsG₃nαG₃tGtntβrδ₃cβsUG2012SGYcbTZXY

1541 q₃cχlβGprβp₃r₃tχonGoδGco₃tχnεGδluorβscβntGπollowGmβsoporousGsχlχc₃Gn₃nop₃rtχclβsGwχtπGpsTsβnsχtχvβG
₃mpπχpπχlχcGαχ−lockGcopolymβrGδorGcontrollβαGαruεGrβlβ₃sβG₃nαGcβllGχm₃εχnεUG2012SGcSG]ZWd 48

1540 rr₃δtχnεGmχmoα₃lGPolymβrGmrusπβsGonGy₃nop₃rtχclβsG—sχnεGnontrollβαG“₃αχc₃lGPolymβrχz₃tχonUG2012SG
[]SGdZWZTdZXX 120

1539 W₃tβrT–rχεεβrβαGxoαulusGnπ₃nεβsGoδGnβllulosβGy₃noδχ−βrGy₃nocomposχtβsGwχtπGsyαropπo−χcG
PolymβrGx₃trχcβsUG2012SG[]SG[bWbT[bX] 122

1538 ”χlχc₃TqχllβαGPolymβrGxχcrocomposχtβsUG2012SG][]T]b[ 1

1537 nrossTlχnkβαGπy−rχαGn₃noδχltr₃tχonGmβm−r₃nβGwχtπG₃ntχ−χoδoulχnεGpropβrtχβsG₃nαGsβlδT₃ssβm−lβαG
l₃yβrβαGmorpπoloεyUG2012SG[SGXacZTdY 47

1536 nπβmχc₃lG₃nαG−χocπβmχc₃lG₃ctχvχtχβsGoδGsonocπβmχc₃llyGsyntπβsχzβαGpolyOyTχsopropylG
₃cryl₃mχαβPVsχlχc₃Gn₃nocomposχtβUG2012SGYaXSG]dcTaW[ 15

1535 ”yntπβsχsGoδGc₃tχonχcGpoly₃cryl₃mχαβVsχlχc₃Gn₃nocomposχtβsGδromGχnvβrsβGβmulsχonGpolymβrχz₃tχonG
₃nαGtπβχrGδloccul₃tχonGpropβrtyGδorGp₃pβrm₃kχnεUG2012SG[XXSGXcTYZ 29

1534 plβctrocπromχcGyχXâ��xzGpχεmβntGco₃tχnεsG₃nαGpl₃stχcGδχlmT−₃sβαGyχXâ��xzV–χzYGαβvχcβGwχtπG
tr₃nsmχssχvβGlχεπtGmoαul₃tχonUG2012SGXWbSGXb]TXcb 29

1533 nurβGkχnβtχcsGoδG₃GπχεπlyGrβ₃ctχvβGsχlχc₃â��polyurβtπ₃nβGn₃nocomposχtβUG2012SG][dSGXbYTXbc 13

1532 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGtr₃nsp₃rβntGpoly₃rylβtπβrsTsχlχc₃Gπy−rχαGmβm−r₃nβsGwχtπG
cov₃lβntlyGconnβctβαGpπ₃sβsUG2012SG]ZSG]WWYT]WWd 17

1531 ”yntπβsχsGoδGδlyG₃sπGcβnospπβrβVpoly₃nχlχnβG₃nαGmullχtβVpoly₃nχlχnβGcorβâ��sπβllGcomposχtβsUG2012SG
XZ]SGXWbbTXWcZ 12
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1530 ”tructur₃lG₃n₃lysχsGoδGcurβαGpπβnolχcGrβsχnsGusχnεGcomplβmβnt₃ryGsm₃llT₃nεlβGnβutronG₃nαG®Tr₃yG
sc₃ttβrχnεG₃nαGsc₃nnχnεGβlβctronGmχcroscopyUG2012SGcSGc[Zc 27

1529 ”χlχc₃Gβnc₃psul₃tχonG−yGmχnχβmulsχonGpolymβrχz₃tχoneGαχstrχ−utχonG₃nαGloc₃lχz₃tχonGoδGtπβGsχlχc₃G
p₃rtχclβsGχnGαroplβtsG₃nαGl₃tβxGp₃rtχclβsUG2012SGYcSGaWYXTZX 57

1528 ltomχstχcGmolβcul₃rGαyn₃mχcsGstuαyGoδGcrossTlχnkβαGpπβnolχcGrβsχnsUG2012SGcSG]YcZ 43

1527 q₃−rχc₃tχonGoδGmχo₃ctχvβGPolyoxymβtπylβnβGy₃nocomposχtβsGδorGmonβG–χssuβG“βpl₃cβmβntUG2012SG
ZYWSGY[TZb 13

1526 pδδχcχβntGsyntπβsχsGoδGpolyOYTπyαroxypropylGmβtπ₃cryl₃tβPTsχlχc₃Gcolloχα₃lGn₃nocomposχtβGp₃rtχclβsG
vχ₃G₃quβousGαχspβrsχonGpolymβrχz₃tχonUG2012SGZSGXbYTXcX 27

1525 r₃sGsorptχonG₃nαGpβrmβ₃tχonGχnGmχxβαGm₃trχxGmβm−r₃nβsG−₃sβαGonGεl₃ssyGpolymβrsG₃nαGsχlχc₃G
n₃nop₃rtχclβsUG2012SGXSGX[cTX]] 21

1524 pδδβctGoδGn₃nocl₃yGlo₃αχnεGonGtπβGtπβrm₃lG₃nαGmβcπ₃nχc₃lGpropβrtχβsGoδG−χoαβεr₃α₃−lβG
polyl₃ctχαβVpoly[O−utylβnβGsuccχn₃tβPTcoT₃αχp₃tβÜG−lβnαGcomposχtβsUG2012SG[SGYZd]T[W] 87

1523 nπβmχc₃lGrβ₃ctχvχtyGoδGπy−rχαGp₃rtχclβsUG2012SGYSGcaZTcad 4

1522 y₃nostructurβαGPolymβrGnomposχtβsG−yG”olâ��rβlGxβtπoαUG2012SGX 4

1521 pnπ₃ncβαGβpoxyVsχlχc₃GcomposχtβsGmβcπ₃nχc₃lGpropβrtχβsG−yGχntroαucχnεGεr₃pπβnβGoxχαβGtoGtπβG
χntβrδ₃cβUG2012SG[SG[ZdcT[W[ 240

1520 tmprovβmβntGoδGtπβrm₃lGst₃−χlχtyGoδGpolypropylβnβGusχnεGozPzTχmmo−χlχzβαGsχlχc₃Gn₃nop₃rtχclβsUG
2012SGYdWSGXZbXTXZcW 45

1519 lntχcorrosχvβsSGβnc₃psul₃tβsSGc₃t₃lytχcGsupportsG₃nαGotπβrGnovβlGn₃nostructurβαGm₃tβrχ₃lsUG2012SG
Z]SGXWbXTXWbb 1

1518 ”yntπβsχsSGβv₃lu₃tχonG₃nαGprβlχmχn₃ryG₃ntχ−₃ctβrχ₃lGtβstχnεGoδGπy−rχαGcomposχtβsG−₃sβαGonGurβtπ₃nβG
olχεoαχmβtπ₃cryl₃tβsG₃nαGlεGn₃nop₃rtχclβsUG2012SGYZSGd]]TbY 14

1517 lntχT−χoδoulχnεGorε₃nχcTχnorε₃nχcGπy−rχαGmβm−r₃nβGδorGw₃tβrGtrβ₃tmβntUG2012SGYYSGXcZ[TXc[[ 46

1516 Prβp₃r₃tχonGoδGPχckβrχnεGβmulsχonsG₃nαGcolloχαosomβsGusχnεGβχtπβrG₃GεlycβrolTδunctχon₃lχsβαGsχlχc₃G
solGorGcorβâ��sπβllGpolymβrVsχlχc₃Gn₃nocomposχtβGp₃rtχclβsUG2012SGYYSGXXYZ] 56

1515 y₃noβnc₃psul₃tχonGδorGProcβssGtntβnsχδχc₃tχonUG2012SGXZb

1514 xoαχδχc₃tχonGoδGsχlχc₃Gn₃nop₃rtχclβsGwχtπGπyαropπχlχcGsulδon₃tβαGpolymβrsG−yGusχnεGsurδ₃cβTχnχtχ₃tβαG
rβαoxGpolymβrχz₃tχonUG2012SGYXSGaaXTaac 18

1513 Poly₃cryl₃tβV”χzYGn₃nocomposχtβsGprβp₃rβαG−yGcom−χnχnεGnonT₃quβousGsolâ��εβlGprocβssG₃nαG
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1295 ”topGqlowGwχtπoεr₃pπyG”yntπβsχsG₃nαGnπ₃r₃ctβrχz₃tχonGoδG”tructurβαGxχcrop₃rtχclβsUG2014SGYWX[SGXTd 4

1294 P₃rtχcul₃tβGqχllβαGPolymβrGplβctrolytβGxβm−r₃nβGδorGquβlGnβllGlpplχc₃tχonsUG2014SGbSGXZXTX]W 12

1293 UG2014SG 8

1292 Prβp₃r₃tχonGoδGmultχδunctχon₃lGupconvβrsχonGn₃noconstructGδorGχnGvχtroG₃nαGχnGvχvoGχm₃εχnεG₃nαG
pπotoαyn₃mχcGtπβr₃pyGχnαucβαG−yGnβ₃rTχnδr₃rβαGlχεπtUG2014SG

1291 ptπylβnβâ��propylβnβTαχβnβGtβrpolymβrVπ₃lloysχtβGn₃nocomposχtβseG–πβrm₃lSGmβcπ₃nχc₃lGpropβrtχβsSG
₃nαGδo₃mGprocβssχnεUG2014SGXZXSGnV₃TnV₃ 10

1290 ty–“zo—n–tzyGzqGlGoz—mwpGmzyoGnzy–ltytyrGxzotqtp“GzyG–spG”—“qlnpGzqGxnxT[XG
ylyzPl“–tnwp”eGlPPwtnl–tzyGqz“G”“MytGl–“PGzqG”–±“pypUG2014SGWdSGX[]WWYZ 9

1289 PπotorβsponsχvβGsy−rχαG“₃sp−βrryTwχkβGnolloχαsGm₃sβαGonGnucur−χt[cÜurχlGsostâ��ruβstGtntβr₃ctχonsUG
2014SGXYaSGYXdcTYYWX 14

1288 sy−rχαGc₃r−onGsχlχc₃Gn₃noδχ−βrsGtπrouεπGsolTεβlGβlβctrospχnnχnεUG2014SGZWSGX]]W[TXZ 32

1287 ”χzYGrβχnδorcβαGsoPpGπy−rχαGm₃tβrχ₃lsGo−t₃χnβαG−yGtπβGsolâ��εβlGmβtπoαUG2014SGXZXSGnV₃TnV₃ 3

1286 Pπ₃sβGst₃tβG₃nαGrπβoloεyGoδGpolyχso−utylβnβGmχxturβsGwχtπGαβcylGsurδ₃cβGmoαχδχβαGsχlχc₃G
n₃nop₃rtχclβsUG2014SG]aSGbdcTcXX 13

1285 pδδβctGoδG₃Gsχl₃nβGcouplχnεG₃εβntGonGtπβGoptχc₃lG₃nαGtπβGmβcπ₃nχc₃lGcπ₃r₃ctβrχstχcsGoδG
n₃noαχ₃monαV₃crylχcGrβsχnGcomposχtβsUG2014SGa]SGXW[dTXW]Z 6

1284 ”tructurβGcontrolGχnGPxxlVsχlχc₃Gπy−rχαGn₃nop₃rtχclβsG−yGsurδ₃cβGδunctχon₃lχz₃tχonUG2014SGYdYSGY[YbTY[Zb 24

1283 lGq₃cχlβGpstβrχδχc₃tχonG“β₃ctχonG–ow₃rαsGtπβG”yntπβsχsGoδGPolyOmβtπylGmβtπ₃cryl₃tβPV–χt₃nχumG
oχoxχαβGy₃nocomposχtβsUG2014SG]dbSG]YT]c 2

1282 ”yntπβsχsGoδGPolymβrGy₃nocomposχtβsGχnG”upβrcrχtχc₃lGnzYUG2014SGYabTYdW

1281 PolymβrTw₃yβrβαG”χlχc₃tβGy₃nocomposχtβGxβm−r₃nβsGδorGquβlGnβllGlpplχc₃tχonUG2014SG[cXT]Wd 0

1280 qunctχon₃lGqχlmsGδromG”χlχc₃VPolymβrGy₃nop₃rtχclβsUG2014SGbSGZccXTZdWW 74

1279 ”yntπβsχsGoδG”χlχconGy₃nostructurβsG—sχnεGonTlrcG–πβrm₃lGPl₃sm₃eGpδδβctGoδGlm−χβntGsyαroεβnGonG
xorpπoloεyUG2014SGdZcSGbaTcX 1
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1278 ²χncGzxχαβTqromG”yntπβsχsGtoGlpplχc₃tχoneGlG“βvχβwUG2014SGbSGYcZZTYccX 1366

1277 ”tructurβG₃nαGχntβr₃ctχonGχnGtπβGpolymβrTαβpβnαβntGrββntr₃ntGpπ₃sβG−βπ₃vχorGoδG₃Gcπ₃rεβαG
n₃nop₃rtχclβGsolutχonUG2014SGdWSGW[YZXa 17

1276 lGyovβlGnπβmχc₃lG”urδ₃cβGxoαχδχc₃tχonGδorGtπβGq₃−rχc₃tχonGoδGPpmlV”χzYGy₃nocomposχtβG
xβm−r₃nβsG–oG”βp₃r₃tβGnzYGδromG”ynε₃sG₃nαGy₃tur₃lGr₃sG”trβ₃msUG2014SG]ZSGXb[baTXb[ca 68

1275 Pro−χnεGxolβcul₃rGxo−χlχtyGχnGy₃nostructurβαGnomposχtβsG−yGsβtβronuclβ₃rGoχpol₃rGyx“G
”pβctroscopyUG2014SGXXcSGYcZWcTYcZXZ 4

1274 qumβαGsχlχc₃Gn₃nop₃rtχclβGmβαχ₃tβαG−χomχmχcryGδorGoptχm₃lGcβllTm₃tβrχ₃lGχntβr₃ctχonsGδorG₃rtχδχcχ₃lG
orε₃nGαβvβlopmβntUG2014SGX[SGZWbTXZ 8

1273 W₃tβrT“βsχst₃ntGPolyOvχnylG₃lcoπolPT”χlχc₃Gsy−rχαsGtπrouεπG”olTrβlGProcβssχnεUG2014SGZbSGaYWTaYa 8

1272 xβcπ₃nχc₃lGpropβrtχβsGoδGπχεπTpβrδorm₃ncβGβl₃stomβrχcGn₃nocomposχtβseG₃Gsβquβntχ₃lGmβsosc₃lβG
sχmul₃tχonG₃ppro₃cπUG2014SG[SGaZ]caTaZ]d] 8

1271 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGpolyO₃sp₃rtχcG₃cχαPGcomposχtβGπyαroεβlsGwχtπGχnorε₃nχcGxnxT[XG
crossTlχnkβrUG2014SGYZSGdWbTdXa 5

1270 sχεπT–εSGπβ₃tGrβsχst₃ntGβpoxyâ��sχlχc₃Gπy−rχαsGwχtπG₃GlowGcontβntGoδGsχlχc₃Gεβnβr₃tβαG−yGnon₃quβousG
solâ��εβlGprocβssUG2014SGXZXSGnV₃TnV₃ 8

1269 xχcroporousGn₃r−onG₃nαGxβsoporousG”χlχc₃G−yG—sβGoδG–wχnGPolymβrχz₃tχoneGlnGtntβεr₃tβαG
pxpβrχmβnt₃lG₃nαG–πβorβtχc₃lGlppro₃cπGtoGPrβcursorG“β₃ctχvχtyUG2014SGbdSGXWWdTXWYZ 22

1268 pδδβctGoδGnov₃lβntTqunctχon₃lχzβαGrr₃pπβnβGzxχαβGwχtπGPolymβrG₃nαG“β₃ctχvβGnomp₃tχ−χlχz₃tχonGonG
–πβrm₃lGPropβrtχβsGoδGx₃lβχcGlnπyαrχαβGrr₃δtβαGPolypropylβnβUG2014SG]ZSGXdd]XTXddaW 33

1267 y₃nocomposχtβsGχnGplβctrocπβmχc₃lG”βnsorsUG2014SGYYZTYZ] 1

1266 pxtrusχonGProcβssβαGPolymβrGplβctrolytβsG−₃sβαGonGPolyOβtπylβnβGoxχαβPG₃nαGxoαχδχβαG”βpχolχtβG
y₃noδχ−βrseGpδδβctGoδGnomposχtχonG₃nαGqχllβrGy₃turβGonG“πβoloεyG₃nαGnonαuctχvχtyUG2014SGXZbSG]YaT]Z[ 14

1265 Prβp₃r₃tχonG₃nαG–πβrm₃lG”t₃−χlχtyGPropβrtχβsGoδGppoxyGx₃trχxVy₃noT”χzYGnomposχtβsUG2014SGbccSG]ccT]dY 1

1264 pδδβctGoδGllumχnχumG”olGonG”χlχc₃Gy₃nop₃rtχclβsG–βxturβG₃nαGPropβrtχβsUG2014SGdXbSG]aTaW

1263 Prβp₃r₃tχonG₃nαGnπ₃r₃ctβrχz₃tχonGoδGsyαropπo−χcG”χlχc₃G²χrconχumGy₃nop₃rtχclβsUG2014SGaY]SG]WZT]Wc

1262
q₃cχlβGsyntπβsχsGoδG₃nGorε₃nχcâ��χnorε₃nχcGn₃nocomposχtβSGPprâ��sχlχc₃SG−yGsolâ��εβlGmβtπoαfGχtsG
cπ₃r₃ctβrχz₃tχonG₃nαG₃pplχc₃tχonG₃sG₃nGβδδχcχβntGc₃t₃lystGχnGrβεχosβlβctχvβGnuclβopπχlχcGrχnεGopβnχnεG
oδGβpoxχαβseGPrβp₃r₃tχonGoδG˛†T₃zχαoG₃lcoπolsG₃nαG˛†Tcy₃noπyαrχnsUG2014SGXbSGXY[TXZW

14

1261 pδδβctsGoδGtπβrm₃lGtrβ₃tmβntGonGtπβGstructur₃lG₃nαGc₃p₃cχtχvβGpropβrtχβsGoδG
polypπβnylsχl₃nβTαβrχvβαGporousGc₃r−onGn₃noδχ−βrsUG2014SGXXbSGYaTZZ 23
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1260 PπotoprocβssβsGoδGmolβculβsGβnc₃psul₃tβαGχnGporousGsolχαsG®teGpxcχtβαGst₃tβGαyn₃mχcsGoδGproδl₃vχnβG
₃nαGpπotosβnsχtχz₃tχonGoδG–χzYGχnGn₃noporousGm₃tβrχ₃lsUG2014SGXd]SGXY[TXZW 4

1259 xorpπoloεyGoδGpoly₃cryl₃tβVn₃nosχlχc₃GcomposχtβsG₃sGstuαχβαG−yGmχcroT“₃m₃nGspβctroscopyUG2014SG
XWbWSGXZXTXZa 8

1258 q₃−rχc₃tχonSGcπ₃r₃ctβrχz₃tχonSGtr₃nsport₃tχonGoδGχonsG₃nαG₃ntχ−₃ctβrχ₃lGpotβntχ₃lGoδGpolystyrβnβG
−₃sβαGnuZGOPz[PYVyχZGOPz[PYGcomposχtβGmβm−r₃nβUG2014SGYWSGZ]acTZ]bb 14

1257 q₃cχlβGsyntπβsχsGoδGl₃mβll₃GmβsostructurβsGαβrχvβαGδromGπβlχxGl₃yβrβαGsχlχc₃tβG₃nαGc₃tχonχcG
surδ₃ct₃ntUG2014SG[[ZSGXTb 1

1256 Prβp₃r₃tχonG₃nαGmβcπ₃nχc₃lGpropβrtχβsGoδGsχlχc₃Gn₃nop₃rtχclβsGrβχnδorcβαGcomposχtβGπyαroεβlsUG
2014SGXYWSGZaTZc 15

1255 ”tuαχβsGoδGpolyOl₃ctχcG₃cχαPG−₃sβαGc₃lcχumGc₃r−on₃tβGn₃nocomposχtβsUG2014SG]aSGXc[TXcc 36

1254 mχnαχnεGn₃turβGoδGpolystyrβnβG₃nαGP nG]We]WLGwχtπGnPG₃nαGyPG]We]WLGχonGβxcπ₃nεβ₃−lβSG
mβcπ₃nχc₃llyG₃nαGtπβrm₃llyGst₃−lβGmβm−r₃nβUG2014SGYWSGZYcZTZYdX 11

1253 y₃rrowGε₃pGδχllχnεGχnGY]GnmGsπ₃llowGtrβncπGχsol₃tχonGusχnεGπχεπlyGporousGorε₃nosχlχc₃UG2014SG]aYSGXaaTXbX 2

1252 qorm₃tχonG₃nαGpropβrtχβsGoδGcorβâ��sπβllGpβnt₃−lockGcopolymβrVsχlχc₃Gπy−rχαsUG2014SGX[bSG]TXW 6

1251 lGpolyc₃prol₃ctonβT−₃sβαGcomp₃tχ−χlχz₃tχonGtrβ₃tmβntGtoGχmprovβGαχspβrsχonG₃nαGχntβrpπ₃sβG
structurβGoδGsχlχc₃Gpolyurβtπ₃nβGcomposχtβsUG2014SG][SGXcXbTXcYa 5

1250 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGnovβlGco₃t₃−lβGpolyχmχαβTsχlχc₃Gn₃nocomposχtβsUG2014SGYXSGX 8

1249 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGpolyδluoro₃nχlχnβVorε₃nosχlox₃nβGπy−rχαGδχlmsUG2014SGadSG]cWT]c] 7

1248 s₃nα−ookGoδGPolymβrn₃nocomposχtβsUGProcβssχnεSGPβrδorm₃ncβG₃nαGlpplχc₃tχonUG2014SG 11

1247 sy−rχαGc₃r−onGn₃notu−βâ��sχlχc₃VGpolyvχnylG₃lcoπolGn₃nocomposχtβsGδχlmseGprβp₃r₃tχonG₃nαG
cπ₃r₃ctβrχs₃tχonUG2014SGYXSGX 19

1246 ”yntπβsχsG₃nαGδχlmGpβrδorm₃ncβsGoδG”χzYVPOxxlTmlPGcorβâ��sπβllGstructur₃lGl₃tβxUG2014SGbbSGXWX]TXWYY 14

1245 –πβrm₃lSGvχscoβl₃stχcG₃nαGmβcπ₃nχc₃lG−βπ₃vχorGoδGpolypropylβnβGwχtπGsyntπβtχcG−oβπmχtβG₃lumχn₃G
n₃nop₃rtχclβsUG2014SGZ]SGdYTXWW 26

1244 pδδβctGoδG”χlχc₃Gy₃nop₃rtχclβsGxoαχδχc₃tχonGonGtπβG–πβrm₃lSG”tructur₃lSG₃nαGoβcomposχtχonG
PropβrtχβsGoδG₃G˛†Tyuclβ₃tβαGPolyOpropylβnβTcoTβtπylβnβPGx₃trχxUG2014SGYX]SGcZdTc]W 5

1243 –ouεπβnχnεGoδGPolyOlTl₃ctχαβPGwχtπGxβtπylGx’G”χlχconβG“βsχnUG2014SG]WSGY[ZTY[c 15
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1242 –πβGχnδluβncβGoδG₃pplχβαGsχlχc₃Gn₃nop₃rtχclβsGonG₃G−χoTrβnβw₃−lβGc₃storGoχlG−₃sβαGpolyurβtπ₃nβG
n₃nocomposχtβG₃nαGχtsGpπysχcocπβmχc₃lGpropβrtχβsUG2014SGXaSGdYbaTcc 64

1241 xβt₃lTorε₃nχcGδr₃mβworkGcomposχtβsUG2014SG[ZSG][acT]XY 1539

1240 PolymβrGrr₃δtβαGtnorε₃nχcGy₃nop₃rtχclβsSGPrβp₃r₃tχonSGPropβrtχβsSG₃nαGlpplχc₃tχonseGlG“βvχβwUG
2014SG][SGYacTZ[b 74

1239 ProεrβssGχnGsχlχc₃GpolypβptχαβGcomposχtβGcolloχα₃lGπy−rχαseGδromGsχlχc₃GcorβsGtoGδuzzyGsπβllsUG2014SG
YdYSGXWWdTXW[W 16

1238 tntβrδ₃cχ₃lG₃nαGmβcπ₃nχc₃lGpropβrtχβsGoδGpolypropylβnβVsχlχc₃Gn₃noTG₃nαGmχcrocomposχtβsUG2014SGZZSGc]XTcaX 18

1237
tnδluβncβGoδGtπβGrβ₃ctχonGtχmβG₃nαGtπβG–rχtonGxTXWWVnycloπβx₃nβVxβtπ₃nolVsYzGr₃tχoGonGtπβG
morpπoloεyG₃nαGsχzβGoδGsχlχc₃Gn₃nop₃rtχclβsGsyntπβsχzβαGvχ₃Gsolâ��εβlG₃ssχstβαG−yGrβvβrsβGmχcβllβG
mχcroβmulsχonUG2014SG[dSGZ[WWTZ[Wa

14

1236 pδδβctGoδGcβrχ₃G₃nαGzχrconχ₃Gn₃nop₃rtχclβsGonGcorrosχonGprotβctχonG₃nαGvχscoβl₃stχcG−βπ₃vχorGoδG
πy−rχαGco₃tχnεsUG2014SGYZSGYabTYba 16

1235 q₃cχlβGprβp₃r₃tχonGoδGsupβrπyαropπo−χcGpolyβstβrGsurδ₃cβsGwχtπGδluoropolymβrV”χzYG
n₃nocomposχtβsG−₃sβαGonGvχnylGn₃nosχlχc₃GπyαrosolsUG2014SGXZXSGnV₃TnV₃ 6

1234 xolβcul₃rGαyn₃mχcsGsχmul₃tχonGoδGαχspβrsχonG₃nαG₃εεrβε₃tχonGkχnβtχcsGoδGn₃noroαsGχnGpolymβrG
n₃nocomposχtβsUG2014SG]]SGXYbZTXYcX 35

1233 tmprovβαGαβtβctχonGlχmχtsGoδGprotβχnGoptχc₃lGδχ−βrG−χosβnsorsGco₃tβαGwχtπGεolαGn₃nop₃rtχclβsUG2014SG
]YSGZZbT[[ 87

1232 pnπ₃ncβαGprotonGconαuctχvχtyGoδGprotonGβxcπ₃nεβGmβm−r₃nβsG−yGχncorpor₃tχnεGsulδon₃tβαG
mβt₃lTorε₃nχcGδr₃mβworksUG2014SGYaYSGZbYTZbd 95

1231 –πβrm₃lG₃n₃lysχsG₃nαGq–Tt“GstuαχβsGoδG₃αsor−βαGpolyOβtπylβnβTst₃tTvχnylG₃cβt₃tβPGonGsχlχc₃UG2014SG]YSGbYbTbZa 13

1230 Pπotoχnχtχ₃torTδrββG— GcurχnεG₃nαGm₃ttχnεGoδG₃cryl₃tβT−₃sβαGn₃nocomposχtβGco₃tχnεseGP₃rtGZUG2014SG
bbSGXWc]TXWd[ 42

1229 tnGsχtuGsyntπβsχsGoδGorε₃nχcâ��χnorε₃nχcGπy−rχαsGorGn₃nocomposχtβsGδromGsolâ��εβlGcπβmχstryGχnGmoltβnG
polymβrsUG2014SGZdSGX[bZTX[db 59

1228 PolymβrTεr₃δtβαGllYzZTn₃nop₃rtχclβsGδorGcontrollβαGαχspβrsχonGχnGpolyOβtπylβnβTcoT−utylG₃cryl₃tβPG
n₃nocomposχtβsUG2014SG]]SGYXY]TYXZc 27

1227 ”yntπβsχsSGcπ₃r₃ctβrχz₃tχonG₃nαGlχquβδχβαGpβtrolβumGε₃sGsβnsχnεGoδGco−₃ltG₃cβtylβnβαχc₃r−oxyl₃tβG
₃nαGχtsGpolymβrUG2014SGXdYSG]WZT]XX 6

1226 y₃nosχlχc₃TtouεπβnβαGpolymβrG₃απβsχvβsUG2014SGaXSGb]Tca 36

1225 vβysGtoGβnπ₃ncχnεGmβcπ₃nχc₃lGpropβrtχβsGoδGsχlχc₃Gn₃nop₃rtχclβGcomposχtβsGπyαroεβlseG–πβGrolβGoδG
nβtworkGstructurβG₃nαGχntβrδ₃cχ₃lGχntβr₃ctχonsUG2014SGd]SGXTb 41
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1224 lP”Tsχl₃nβGmoαχδχc₃tχonGoδGsχlχc₃Gn₃nop₃rtχclβseGβδδβctGoδGtrβ₃tmβntâ��sGv₃rχ₃−lβsGonGtπβGεr₃δtχnεG
contβntG₃nαGcolloχα₃lGst₃−χlχtyGoδGtπβGn₃nop₃rtχclβsUG2014SGXXSGa]XTaaW 16

1223 –unχnεGcr₃ckGp₃ttβrnG−yGpπ₃sβGsβp₃r₃tχonGχnGtπβGαryχnεGoδG−χn₃ryGcolloχαâ��polymβrGsuspβnsχonUG2014SG
ZbcSGXXdXTXXdd 10

1222 nomposχtβsGδromGlquβousGPolyβtπylβnβGy₃nocryst₃lVrr₃pπβnβGoχspβrsχonsUG2014SG[bSGZWXbTZWYX 14

1221 sollowTsπβllTstructurβαGn₃nospπβrβseG₃Grβcovβr₃−lβGπβtβroεβnβousGc₃t₃lystGδorGrπoαχumTc₃t₃lyzβαG
t₃nαβmGrβαuctχonVl₃ctonχz₃tχonGoδGβtπylGYT₃cyl₃rylc₃r−oxyl₃tβsGtoGcπχr₃lGpπtπ₃lχαβsUG2014SGdSGXZccTd[ 26

1220 –un₃−lβGwβtt₃−χlχtyGoδGmonoαχspβrsβGcorβTsπβllGn₃noT”χzYGmoαχδχβαGwχtπG
polyOmβtπylπyαrosχlox₃nβPG₃nαG₃llylTpolyOβtπylβnβGεlycolPUG2014SG[[XSGXaTY[ 16

1219 –πβrm₃llyGχnαucβαGpπ₃sβGsβp₃r₃tχonGδollowβαG−yGχnGsχtuGsolâ��εβlGprocβsseGlGnovβlGmβtπoαGδorG
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1146 y₃nocomposχtβGεβlsGvχ₃GχnGsχtuGpπotoχnχtχ₃tχonG₃nαGαχs₃ssβm−lyGoδG–χz–χzâ��Tcl₃yGcomposχtβsGwχtπG
polymβrsG₃pplχβαG₃sG— GprotβctχvβGδχlmsUG2014SGaSGXZ]aTaW 57

1145 “o−ustSGultr₃sm₃llGorε₃nosχlχc₃Gn₃nop₃rtχclβsGwχtπoutGsχlχc₃GsπβllsUG2014SGXaSGX 2

1144 –βnsχlβSGrπβoloεχc₃lGpropβrtχβsSGtπβrm₃lGst₃−χlχtySG₃nαGmorpπoloεyGoδGβtπylβnβGvχnylG₃cβt₃tβG
copolymβrVsχlχc₃Gn₃nocomposχtβsGusχnεGp lTεTm₃lβχcG₃nπyαrχαβUG2014SG[cSG]W]T]XX 5

1143 Polyαop₃mχnβG₃nαGχtsGαβrχv₃tχvβGm₃tβrχ₃lseGsyntπβsχsG₃nαGpromχsχnεG₃pplχc₃tχonsGχnGβnβrεySG
βnvχronmβnt₃lSG₃nαG−χomβαχc₃lGδχβlαsUGChemical ReviewsSG2014SGXX[SG]W]bTXX] 68.1 3034

1142 pnπ₃ncβαGprotonGconαuctχvχtyGoδGy₃δχonGπy−rχαGmβm−r₃nβGunαβrGαχδδβrβntGπumχαχtχβsG−yG
χncorpor₃tχnεGmβt₃lTorε₃nχcGδr₃mβworksGwχtπGπχεπGpπytχcG₃cχαGlo₃αχnεUG2014SGaSGdbddTcWb 129

1141 PπotorβsponsχvβGπy−rχαGr₃sp−βrryTlχkβGcolloχαsG−₃sβαGonGcucur−χt[cÜurχlGπostTεuβstGχntβr₃ctχonsUG
2014SG]ZSGYXaaTd 90

1140 ”yntπβsχsGoδGlowGαχspβrsχtyGst₃rTlχkβGpolyβtπylβnβeG₃Gcom−χn₃tχonGoδGclχckGcπβmχstryG₃nαG₃Gsolâ��εβlG
procβssUG2014SG]SGZdaZTZdab 13

1139 plβctrocπromχcGco₃tχnεsGm₃αβGoδGsurδ₃cβGmoαχδχβαGrutχlβG₃nαG₃n₃t₃sβGpχεmβntseGtnδluβncβGoδG
trχsχl₃nolGPz””Gαχspβrs₃ntGonGβlβctrocπromχcGβδδβctUG2014SGZXZSG[c[T[db 11

1138 nontχnuumGxoαβlGδorGtπβGPπ₃sβGmβπ₃vχorSGxχcrostructurβSG₃nαG“πβoloεyGoδG—nβnt₃nεlβαGPolymβrG
y₃nocomposχtβGxβltsUG2014SG[bSG[[dZT[]XZ 23

1137 ”oαχumGsχlχc₃tβGroutβGtoGco₃tGpolymβrGp₃rtχclβsGwχtπGsχlχc₃UG2014SGYdYSGXadZTXbWW 8

1136 Pπotopπysχc₃lG−βπ₃vχorGoδG²nG₃mχnopπβnoxyGsu−stχtutβαGpπtπ₃locy₃nχnβGconjuε₃tβsGwχtπGc₃r−oxylχcG
₃cχαTco₃tβαGsχlχc₃Gn₃nop₃rtχclβseGpδδβctGoδGpoχntGoδGsu−stχtutχonUG2014SGXWacSGY[]TY][ 8

1135 –πβrmopl₃stχcG₃nαGsolχαTlχkβGβlβctrolytβsGwχtπGlχquχαTlχkβGχonχcGconαuctχvχtyG−₃sβαGonGpolyOβtπylβnβG
oxχαβPGn₃nocomposχtβsUG2014SGYaXSGb[TcW 19
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1134 –πβrm₃lGαβεr₃α₃tχonGmβcπ₃nχsmG₃nαGkχnβtχcsGoδGpolyc₃r−on₃tβVsχlχc₃Gn₃nocomposχtβsUG2014SGXWbSGXYdTXZc 55

1133 ”urδ₃cβGmoαχδχc₃tχonGoδGsβpχolχtβGn₃noδχ−βrsGwχtπGPprG−₃sβαGcompounαsGtoGprβp₃rβGpolymβrG
βlβctrolytβsUG2014SGd]SGYa]TYb[ 25

1132 qβWU[–₃WU]PYzbT−₃sβαGcomposχtβGmβm−r₃nβGδorGπχεπTtβmpβr₃turβSGlowTπumχαχtyGprotonGβxcπ₃nεβG
mβm−r₃nβGδuβlGcβllsUG2014SGXYcSGYcbTYdX 13

1131 yovβlGmβsoporousGcomposχtβsG−₃sβαGonGn₃tur₃lGru−−βrG₃nαGπβx₃εon₃lGmβsoporousGsχlχc₃eG”yntπβsχsG
₃nαGcπ₃r₃ctβrχz₃tχonUG2014SGX[ZSGXXddTXYWc 14

1130 PrβTcontrolGoδGlεεlomβr₃tβαG”tructurβGoδG”χlχc₃Gy₃nop₃rtχclβsG₃sGqχllβrGnomponβntGδorG
zrε₃nχcVlnorε₃nχcGy₃nocomposχtβsUG2014SG]XSGX[YTX]Y

1129 lpplχc₃tχonGoδG₃crylχcT−₃sβαGn₃nocomposχtβsGχnGtπβGconsolχα₃tχonGoδGπχstorχc₃lGβn₃mβlGl₃yβrsUG2014SG
dSG[ddT]W[

1128 nomp₃rχsonGoδGn₃nocryst₃llχnβGcβllulosβG₃nαGδumβαGsχlχc₃GχnGl₃tβxGco₃tχnεsUG2014SGYSGYWaTYYX 11

1127 tnG”χtuGmχcroscopχcGχnδr₃rβαGχm₃εχnεGstuαyGonGαβδorm₃tχonTχnαucβαGsp₃tχ₃lGorχβnt₃tχonG₃nαGpπ₃sβG
tr₃nsχtχonGαχstrχ−utχonsGoδGPlXYUG2014SGXZXSGnV₃TnV₃ 6

1126 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGmoαχδχβαGnovol₃cGpπβnolχcGrβsχnGn₃nocomposχtβsG₃sGmβt₃lG
co₃tχnεsUG2015SGccSGdbWTdba 2

1125 PolymβrToopβαGy₃noTzptχc₃lG”βnsorsGδorGPπ₃rm₃cβutχc₃lGln₃lysχsUG2015SGZcZT[Wd

1124 y₃nop₃rtχclβsG₃nαGnomposχtβsUG2015SGYY]TY[[ 3

1123 “βχnδorcβαG”olâ��rβlG”χlχc₃Gno₃tχnεsUG2015SGXYWbTXYZc

1122 tnorε₃nχcVorε₃nχcGn₃nocomposχtβseG“β₃cπχnεG₃GπχεπGδχllβrGcontβntGwχtπoutGχncrβ₃sχnεGvχscosχtyGusχnεG
corβTsπβllGstructurβαGn₃nop₃rtχclβsUG2015SGXWbSGYXXdWZ 5

1121 mzotP±TαopβαGsχlχc₃Gn₃nop₃rtχclβsGwχtπGrβαucβαGαyβGlβ₃k₃εβG₃nαGβnπ₃ncβαGsχnεlβtGoxyεβnG
εβnβr₃tχonUG2015SG]SGXYaWY 42

1120 –r₃nsp₃rβntG−ulkTsχzβGn₃nocomposχtβsGwχtπGπχεπGχnorε₃nχcGlo₃αχnεUG2015SGXWbSGY[XdWa 6

1119 Prβp₃r₃tχonGoδG”πββtTlχkβGPolymβrTpnc₃psul₃tβαGnomposχtβGP₃rtχclβsG−yG”ββαβαGPolymβrχz₃tχonG
δromG”u−TmχcromβtβrG”πββtsUG2015SGXWSGX]cXT]

1118 pδδβctsGoδG”βlβctχvβGPolymβrχz₃tχonGnonαχtχonsGonGPπysχc₃lGPropβrtχβsGoδGy₃nomβtβrT”c₃lβG
”χlχc₃VPolypyrrolβGnomposχtβsUG2015SGZaSGYccXTYcc[ 1

1117 sβlχcβnβTrr₃δtβαG”χlχc₃Gy₃nop₃rtχclβsGn₃pturβGsβtβroToou−lβTsβlχxGtntβrmβαχ₃tβsGαurχnεG
”βlδTlssβm−lyGrβl₃tχonUG2015SGYXSGc[WcTX] 7
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1116 –πβGβδδβctGoδGprocβssχnεGroutβsGonGtπβGtπβrm₃lG₃nαGmβcπ₃nχc₃lGpropβrtχβsGoδG
polyOurβtπ₃nβTχsocy₃nur₃tβPGn₃nocomposχtβsUG2015SGXZYSGnV₃TnV₃ 10

1115 ny₃n₃tβGpstβrVqunctχon₃lχzβαG”χlχc₃Gy₃nocomposχtβeG”yntπβsχsSGnπ₃r₃ctβrχz₃tχonG₃nαGPropβrtχβsUG
2015SGZZSGXY]dTXYac 5

1114 qormul₃tχonG₃nαGnπ₃r₃ctβrχz₃tχonGoδGyβwGpsGoβpβnαβntG[llχz₃rχnTpolyO[TvχnylpyrχαχnβPTmχc₃ÜG
PχεmβntsUG2015SGZ][SGXZXTX[[ 3

1113 “βχnδorcβmβntGoδGsχlχconβGru−−βrGwχtπGr₃sp−βrryTlχkβG”χzYkPolymβrGcomposχtβGp₃rtχclβsUG2015SGa[SGddYTddc 14

1112 xultχδunctχon₃lGmβsoporousGsχlχc₃Gn₃nop₃rtχclβsGχnGpolyOβtπylβnβTcoTvχnylG₃cβt₃tβPGδorGtr₃nsp₃rβntG
πβ₃tGrβtβntχonGδχlmsUG2015SG]ZSGc]XTc]d 6

1111 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδG₃G²rTcont₃χnχnεGsχlχc₃tβT−₃sβαGβpoxyTδunctχon₃lGpolymβrG
n₃nocomposχtβGsystβmUG2015SG]]SGbdYTbdc 5

1110 pδδβctGoδGmorpπoloεyGonGtπβGpβrmβ₃−χlχtySGmβcπ₃nχc₃lG₃nαGtπβrm₃lGpropβrtχβsGoδG
polypropylβnβV”χzYGn₃nocomposχtβsUG2015SGa[SGXY[]TXY]X 12

1109 qχlmTδorm₃tχonGoδGpoly₃cryl₃tβVsχlχc₃GcomposχtβGl₃tβxβsG−yGsolTεβlGprocβssUG2015SGXZYSGnV₃TnV₃ 2

1108 UG2015SG 3

1107 syαroxypropylGxβtπ₃cryl₃tβGtntβr₃ctχonG₃nαGnπχtos₃nGno₃tχnεGδorGpnπ₃ncβαG— GoβtβctχonG
”βnsχtχvχtyGoδGnolloχα₃lGy₃nop₃rtχclβsGχnGn₃pχll₃ryGplβctropπorβsχsGln₃lysχsUG2015SGWaSG 1

1106 Prβp₃r₃tχonG₃nαGnπ₃r₃ctβrχz₃tχonGoδGy₃noG”χlχc₃GδromGpquχsβtumG₃rvβnsβsUG2015SGW]SG 8

1105 ”yntπβsχsGoδGW₃tβrTm₃sβαGoχspβrsχonsGoδGPolymβrV–χzâ��Gsy−rχαGy₃nospπβrβsUG2015SG]SGX[][TX[ac 20

1104 Pp–Gy₃nocomposχtβseGPrβp₃r₃tχonG₃nαGnπ₃r₃ctβrχz₃tχonUG2015SGddTXXX 1

1103 tncorpor₃tχonGoδGy₃noπy−rχαGqχlmsGoδG”χlχc₃GχntoG“βcyclβαGPolystyrβnβGx₃trχxUG2015SGYWX]SGXTa

1102 mχocomp₃tχ−lβG”χzYχnGtπβGq₃−rχc₃tχonGoδG”tχmulχT“βsponsχvβGsy−rχαGnomposχtβsG₃nαG–πβχrG
lpplχc₃tχonGPotβntχ₃lUG2015SGYWX]SGXTXd 4

1101 ”urδ₃cβGxoαχδχc₃tχonGoδGy₃nom₃tβrχ₃lsGδorGlpplχc₃tχonGχnGPolymβrGy₃nocomposχtβseGlnGzvβrvχβwUG
2015SGXTYc 9

1100 Prβp₃r₃tχonG₃nαGnπ₃r₃ctβrχz₃tχonGoδGlnGlrom₃tχcGtmχαβTqunctχon₃lχzβαGPolysχlsβsquχox₃nβGvχ₃GtπβG
”olTrβlG“outβUG2015SGYZSGaYXTaYa

1099 znβTpotGrβl₃yGrβαuctχonâ��χsomβrχz₃tχonGoδG˛†Ttrχδluoromβtπyl₃tβαT˛–S˛†Tuns₃tur₃tβαGkβtonβsGtoGcπχr₃lG
˛†Ttrχδluoromβtπyl₃tβαGs₃tur₃tβαGkβtonβsGovβrGcom−χnβαGc₃t₃lystsGχnG₃quβousGmβαχumUG2015SGXbSGZdXaTZdYY 11
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1098 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδG”χzYâ��Pxxlâ��PzpzxlGstructurβsG₃nαG”χzYâ��–χzYG
pomβεr₃n₃tβTlχkβGπy−rχαGmχcrospπβrβsGδorGtπβGpπotoαβcomposχtχonGoδGmβtπylGor₃nεβUG2015SG[cXSGXbaTXc] 7

1097 ”χlχc₃Tχmmo−χlχzβαGlquχvχonGPq”lGsupβr₃cχαeG₃pplχc₃tχonGtoGπβtβroεβnβousGαχrβctGβtπβrχδχc₃tχonGoδG
εlycβrolGwχtπGnT−ut₃nolUG2015SG]SGZdcWTZddW 31

1096 ”βlδTπβ₃l₃−lβSGtouεπG₃nαGπχεπlyGstrβtcπ₃−lβGχonχcGn₃nocomposχtβGpπysχc₃lGπyαroεβlsUG2015SGXXSG[YZ]T[X 119

1095 zrε₃nχcâ��tnorε₃nχcGPolymβrGsy−rχαseG”yntπβtχcG”tr₃tβεχβsG₃nαGlpplχc₃tχonsUG2015SGXXTaZ 10

1094 l−r₃sχonGrβsχst₃ncβGoδGw₃tβr−ornβGpolyurβtπ₃nβGδχlmsGχncorpor₃tβαGwχtπGP—Vsχlχc₃Gπy−rχαsUG2015SG
caSGXY]TXZZ 27

1093 Prβp₃r₃tχonGoδGlχεnχnT−₃sβαGsχlχc₃GcomposχtβGsu−mχcronGp₃rtχclβsGδromG₃lk₃lχGlχεnχnG₃nαGsoαχumG
sχlχc₃tβGχnG₃quβousGsolutχonGusχnεG₃GαχrβctGprβcχpχt₃tχonGmβtπoαUG2015SGb[SGYc]TYdY 57

1092 sy−rχαG₃nαGsχβr₃rcπχc₃lGnomposχtβGx₃tβrχ₃lsUG2015SG 14

1091 ”m₃rtGy₃noπy−rχαsGoδG“lq–GPolymβrsG₃nαGtnorε₃nχcGP₃rtχclβsUG2015SG 1

1090 Prβp₃r₃tχonGoδGvχnylGsχlχc₃T−₃sβαGorε₃nχcVχnorε₃nχcGn₃nocomposχtβsG₃nαGsupβrπyαropπo−χcG
polyβstβrGsurδ₃cβsGδromGχtUG2015SGYdZSGYZ]dTYZbX 23

1089 tmport₃ncβGoδGsupβrχorGαχspβrsχonGvβrsusGδχllβrGsurδ₃cβGmoαχδχc₃tχonGχnGproαucχnεGro−ustGpolymβrG
n₃nocomposχtβseG–πβGβx₃mplβGoδGpolypropylβnβVn₃nosχlχc₃Gπy−rχαsUG2015SGacSGX[bTX]b 60

1088 tntβr₃ctχonG−βtwββnGZT₃mχnopropyltrχmβtπoxysχl₃nβG₃nαGoχlGp₃lmG₃sπGχnGstyrβnβG−ut₃αχβnβGru−−βrG
compounαsGusχnεGrβsponsβGsurδ₃cβGmβtπoαoloεyUG2015SG[ZSGXZXTXZc 1

1087  χnyltrχmβtπoxysχl₃nβTmoαχδχβαGzχncGoxχαβGqu₃ntumGαotsGwχtπGtunβαGoptχc₃lGpropβrtχβsUG2015SGZ]dSGbaaTbbZ 11

1086 yovβlGy₃nocomposχtβsGoδGPolyOl₃urylGmβtπ₃cryl₃tβPTrr₃δtβαGllYzZGy₃nop₃rtχclβsGχnGwoPpUG2015SGbSGY]aadTbc 32

1085 ”urδ₃ct₃ntTδrββGδ₃−rχc₃tχonGoδG”χzYTco₃tβαGnβε₃tχvβlyGcπ₃rεβαGpolymβrG−β₃αsG₃nαGmonoαχspβrsβG
πollowG”χzYGp₃rtχclβsUG2015SG[cXSGZb]TZcZ 10

1084 lGsβlδTπβ₃l₃−lβG₃nαGπχεπlyGstrβtcπ₃−lβGsupβrc₃p₃cχtorG−₃sβαGonG₃Gαu₃lGcrosslχnkβαGpolyβlβctrolytβUG
2015SGaSGXWZXW 500

1083 lαsorptχonGoδG O PSGxoO tPG₃nαGnrO tPGzxo₃nχonsG−yGnπχtos₃nâ��”χlχc₃GnomposχtβG”yntπβsχzβαG−yG
x₃nnχcπG“β₃ctχonUG2015SGZZSGa[]Ta]b 20

1082 lαπβsχvβGstrβnεtπGoδGstββlâ��βpoxyGcomposχtβGjoχntsG−onαβαGwχtπGstructur₃lG₃crylχcG₃απβsχvβsGδχllβαG
wχtπGsχlχc₃Gn₃nop₃rtχclβsUG2015SGYdSGXd]TYWa 30

1081
”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGπβtβrocyclχcGδunctχon₃lχzβαGpolymβrsG−yGclχckGrβ₃ctχoneG
Prβp₃r₃tχonGoδGm₃εnβtχcGn₃nocomposχtβsG₃nαGstuαχβsGonGtπβχrGtπβrm₃lSGmβcπ₃nχc₃lSGpπotopπysχc₃lG
₃nαGmβt₃lGχonsGrβmov₃lGpropβrtχβsUG2015SGZZSGZWXTZXb

10
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1080 tntβrδ₃cχ₃lGχntβr₃ctχonsG₃nαGcomplβxGsβεmβnt₃lGαyn₃mχcsGχnGsystβmsG−₃sβαGonG
sχlχc₃Tpolyαχmβtπylsχlox₃nβGcorβâ��sπβllGn₃nop₃rtχclβseGoχβlβctrχcG₃nαGtπβrm₃lGstuαyUG2015SG]cSGdTYX 32

1079 ”yntπβsχsG₃nαGnπ₃r₃ctβrχz₃tχonGoδGzrε₃noTtnorε₃nχcGy₃noo−jβctsGm₃sβαGonGsypβr−r₃ncπβαG
Polyβtπoxysχlox₃nβsUG2015SGbSGXa]TXba 9

1078  χscoβl₃stχcGPropβrtχβsGoδGPolymβrTrr₃δtβαGy₃nop₃rtχclβGnomposχtβsGδromGxolβcul₃rGoyn₃mχcsG
”χmul₃tχonsUG2015SG[cSGXY[WTXY]] 57

1077 y₃noTπβ₃tTsχnkGtπχnGδχlmGcomposχtβGoδGPnVtπrββTαχmβnsχon₃lGnβtworkβαGn₃noTδumβαGsχlχc₃GwχtπG
βxquχsχtβGπyαropπo−χcχtyUG2015SG]SG[ZbaT[Zc[ 11

1076 “πTPPπZTpolymβrkmβsosχlχc₃GcomposχtβGc₃t₃lystGδorGtπβGπyαroδormyl₃tχonGoδGXToctβnβUG2015SGZaSGXacTXb[ 8

1075 sβx₃εon₃lGp₃ttβrnsGχnGtπχnGδχlmseGpxpβrχmβntsG₃nαGmoαβlχnεUG2015SGYSGa]TbX 4

1074 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGm₃lβχmχαβâ��polystyrβnβV”χzYâ��llYzZGπy−rχαGn₃nocomposχtβsG−yG
₃nGχnGsχtuGsolâ��εβlGprocβssG₃nαGχtsG₃ntχmχcro−χ₃lG₃ctχvχtyUG2015SGb]SGXabTXb] 30

1073 yonTχsotπβrm₃lGcryst₃llχz₃tχonGkχnβtχcsGoδGwwoPpGprβp₃rβαG−yGχnGsχtuGpolymβrχz₃tχonGχnGtπβGprβsβncβG
oδGn₃noGtχt₃nχ₃UG2015SGbYSGXYZZTXY[] 15

1072 oβptπTsβnsχtχvβGsu−surδ₃cβGχm₃εχnεGoδGpolymβrGn₃nocomposχtβsGusχnεGsβconαGπ₃rmonχcGvβlvχnG
pro−βGδorcβGmχcroscopyUG2015SGdSGYdZcT[b 36

1071 nπ₃lconβGχsotπχocy₃n₃tβTmβsoporousGsχlχc₃tβseG”βlβctχvβG₃ncπorχnεG₃nαGtoxχcGmβt₃lGχonsGαβtβctχonUG
2015SGYXWSG]aTac 13

1070 ”yntπβsχsGoδGxultχpoαTlχkβG”χlχc₃VPolymβrGw₃tβxGP₃rtχclβsGvχ₃GyχtroxχαβTxβαχ₃tβαG
Polymβrχz₃tχonTtnαucβαG”βlδTlssβm−lyGoδGlmpπχpπχlχcGmlockGnopolymβrsUG2015SG[cSG][]T]]a 59

1069 pδδβctGoδGrβ₃ctχvβGorε₃nocl₃yGonGpπysχcocπβmχc₃lGpropβrtχβsGoδGvβεβt₃−lβGoχlT−₃sβαGw₃tβr−ornβG
polyurβtπ₃nβGn₃nocomposχtβsUG2015SG]SGXX]Y[TXX]ZZ 51

1068 Prβp₃r₃tχonGoδG₃crylχcVsχlχc₃Gn₃nocomposχtβsGl₃tβxβsGwχtπGpotβntχ₃lG₃pplχc₃tχonGχnGprβssurβGsβnsχtχvβG
₃απβsχvβUG2015SG]cSGYXTYb 34

1067 PolyβlβctrolytβT−₃sβαGβlβctrocπβmχlumχnβscβncβGβnπ₃ncβmβntGδorG“uO−pyPâ��´†RGlo₃αβαG−yG”χzâ��G
n₃nop₃rtχclβGc₃rrχβrG₃nαGχtsGπχεπGsβnsχtχvβGχmmuno₃ss₃yUG2015SGcaYSGY[TZY 10

1066 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGpolystyrβnβTεr₃δtβαG₃tt₃pulεχtβGvχ₃Gsurδ₃cβTχnχtχ₃tβαGrβαoxG
polymβrχz₃tχonUG2015SG]]SGccdTcd] 4

1065 –πβrmorβsponsχvβGPytPlxVsχlχc₃Gn₃nop₃rtχclβsG−yGαχrβctGpπotopolymβrχz₃tχonGχnG₃quβousGmβαχ₃UG
2015SG]ZSGXYaWTXYab 19

1064 tnGsχtuGβmulsχonGcopolymβrχz₃tχonGoδGmβtπylGmβtπ₃cryl₃tβG₃nαG−utylG₃cryl₃tβGχnGtπβGprβsβncβGoδG
”χzYGwχtπGv₃rχousGsurδ₃cβGcouplχnεGαβnsχtχβsUG2015SGYdZSG[aZT[bX 30

1063 sy−rχαGn₃noporousGpolystyrβnβGαβrχvβαGδromGcu−χcGoct₃vχnylsχlsβsquχox₃nβG₃nαGcommβrcχ₃lG
polystyrβnβGvχ₃GtπβGqrχβαβlâ��nr₃δtsGrβ₃ctχonUG2015SG]SGXYdcbTXYddZ 15

(2015-2015)

43



1062 m₃ctβrχ₃lGcβllulosβG₃sG₃Gm₃tβrχ₃lGδorGwounαGtrβ₃tmβnteGPropβrtχβsG₃nαGmoαχδχc₃tχonsUGlGrβvχβwUG2015
SGZZSGX][bTbX 247

1061 –πβrmomβcπ₃nχc₃lG₃nαGcorrosχonGχnπχ−χtχonGpropβrtχβsGoδGεr₃pπβnβVβpoxyGβstβrâ��sχlox₃nβâ��urβ₃G
πy−rχαGpolymβrGn₃nocomposχtβsUG2015SGccSGYZbTY[[ 41

1060 pv₃lu₃tχonGoδGpoly₃cryl₃mχαβTεr₃δtβαTpolyβtπylβnβGεlycolVsχlχc₃Gn₃nocomposχtβG₃sGpotβntχ₃lG
₃ααχtχvβGχnGw₃tβrG−₃sβαGαrχllχnεGmuαGδorGrβ₃ctχvβGsπ₃lβGδorm₃tχonUG2015SGYaSG]YaT]Zb 112

1059 Polymβrâ��sχlχc₃GcomposχtβsG₃nαGsχlχc₃sGproαucβαG−yGπχεπTtβmpβr₃turβGαβεr₃α₃tχonGoδGorε₃nχcG
componβntUG2015SGaX]SG[ZT]W 19

1058 lGδ₃cχlβGstr₃tβεyGδorGδunctχon₃lχzχnεGsχlχc₃Gn₃nop₃rtχclβsG−yGpolyc₃r−on₃tβGαβεr₃α₃tχonG₃nαGχtsG
₃pplχc₃tχonGχnGpolymβrGn₃nocomposχtβsUG2015SGXXdSGYd]TYdc 15

1057 ”βlδTzrε₃nχzβαGxβsostructurβαGsollowGn₃r−onGy₃nop₃rtχclβsGvχ₃G₃G”urδ₃ct₃ntTqrββG”βquβntχ₃lG
sβtβroεβnβousGyuclβ₃tχonGP₃tπw₃yUG2015SGYbSGaYdbTaZW[ 81

1056 Prβp₃r₃tχonGoδG−rχεπtlyGδluorβscβntGsχlχc₃Gn₃nop₃rtχclβsGmoαχδχβαGwχtπGlucχεβnχnG₃nαGcπχtos₃nSG₃nαG
tπβχrG₃pplχc₃tχonGtoG₃nG₃pt₃mβrT−₃sβαGs₃nαwχcπG₃ss₃yGδorGtπrom−χnUG2015SGXcYSGYXdZTYXdd 5

1055 lpplχc₃tχonTαrχvβnGmultχTl₃yβrβαGp₃rtχclβsGâ��G–πβGrolβGoδGpolymβrsGχnGtπβG₃rcπχtβctur₃lGαβsχεnGoδG
p₃rtχclβsUG2015SGbXSGlXTlXX 9

1054 pδδβctGoδGrβαucβαGεr₃pπβnβGoxχαβâ��sχlχc₃GcomposχtβGχnGpoly₃nχlχnβeGβlβctroαβGm₃tβrχ₃lGδorG
πχεπTpβrδorm₃ncβGsupβrc₃p₃cχtorUG2015SGXdSGZZcXTZZcc 30

1053 lmpπχpπχlχcGπy−rχαsGcont₃χnχnεGχnorε₃nχcGconstχtuβnteGxorβGtπ₃nGso₃pUG2015SGYWSGX]XTXaW 9

1052 znβTpotGsyntπβsχsGoδG−χmoα₃lGsχlχc₃Gn₃nospπβrβsG₃nαGtπβχrGβδδβctsGonGtπβGrπβoloεχc₃lG₃nαG
tπβrm₃lâ��mβcπ₃nχc₃lGpropβrtχβsGoδGsχlχc₃â��βpoxyGcomposχtβsUG2015SG]SG]WWbZT]WWcX 19

1051 oop₃mχnβT₃ssχstβαGsyntπβsχsGoδGc₃r−onTco₃tβαGsχlχc₃GδorGPn“Gβnπ₃ncβmβntUG2015SGbSGX]aZZT[W 24

1050 y₃nocomposχtβsGvχ₃GPolymβrχz₃tχonGδromG”χlχc₃UG2015SGXddTYXZ

1049 zrε₃nχcGxoαχδχc₃tχonGoδGsyαroxyl₃tβαGy₃nop₃rtχclβseG”χlχc₃SG”βpχolχtβSG₃nαGPolys₃ccπ₃rχαβsUG2015SGXTZ]

1048 ”urδ₃cβTχnχtχ₃tβαGcontrollβαGr₃αχc₃lGpolymβrχz₃tχonsGδromGsχlχc₃Gn₃nop₃rtχclβsSGεolαGn₃nocryst₃lsSG
₃nαG−χon₃nop₃rtχclβsUG2015SGaSG]X[ZT]Xc[ 95

1047 tnGsχtuG”urδ₃cβGqunctχon₃lχz₃tχonGoδGsyαropπχlχcG”χlχc₃Gy₃nop₃rtχclβsGvχ₃Gql₃mβG”pr₃yGProcβssUG2015SG
ZXSGdWXTdWa 11

1046 lGonβTstβpGmβtπoαGtoGco₃tGpolystyrβnβGp₃rtχclβsGwχtπG₃nGorε₃noTsχlχc₃GsπβllG₃nαGtπβχrG
δunctχon₃lχz₃tχonUG2015SGXaYSG][cT]][ 12

1045 tnGsχtuGpolymβrχz₃tχonGoδG−χoαβεr₃α₃−lβGpolyO−utylβnβTcoTsuccχn₃tβGtβrβpπtπl₃tβPGn₃nocomposχtβsG
₃nαGtπβχrGrβ₃lTtχmβGtr₃ckχnεGoδGmχcrostructurβUG2015SGXXbSGXYXTXYd 8

Citation Report

44



1044 ”oδtGpolymβrTsχlχc₃Gn₃nocomposχtβGp₃rtχclβsG₃sGδχllβrGδorGprβssurβTsβnsχtχvβG₃απβsχvβsUG2015SGbWSGbbTcb 17

1043 PwlTδxWny–Gmχon₃noδχlmsGwχtπGsχεπGxoαulusG₃nαGrrβ₃tGPropβrtχβsGtoGlpplyGχnGP₃ck₃εχnεG₃nαG
mχomβαχcχnβUG2015SGcSGZcZTZdW 8

1042 pcoTδrχβnαlyGPolymβrGy₃nocomposχtβâ��PropβrtχβsG₃nαGProcβssχnεUG2015SGXTX] 3

1041 r₃sGpβrmβ₃tχonSGsorptχonG₃nαGαχδδusχonGtπrouεπGPpmlV”χzGYGn₃nocomposχtβGmβm−r₃nβsGOcπβmχc₃lG
surδ₃cβGmoαχδχc₃tχonGoδGn₃nop₃rtχclβsPUG2015SG[WSGdbYZTdbZY 52

1040 ”π₃pβTβncoαβαGsχlχc₃Gmχcrop₃rtχclβsGδorGmultχplβxβαG−χo₃ss₃ysUG2015SG]XSGXYXZWTZ 28

1039 PxxlTεr₃δtβαGsχlχc₃G₃βroεβlGn₃nop₃rtχclβsGvχ₃GχnGsχtuG”“MytGl–“PeGrr₃δtχnεGtπrouεπG₃ppro₃cπUG2015
SGYX[SGbWTbd 24

1038 lGδ₃cχlβGprβp₃r₃tχonGmβtπoαGδorGsyntπβsχsGoδGsχlχc₃GsulδurχcG₃cχαVpolyOoTmβtπoxy₃nχlχnβPGcorβâ��sπβllG
n₃nocomposχtβUG2015SGYaSGa[]Ta]b 12

1037 nonδχεur₃tχon₃lGβntropyGχnGtπβrmosβtGpolymβrsUG2015SGXXdSG]a[]Td 3

1036 pδδβctGoδGtπβGrχεχαGcorβGoδGtπβGδχllβrGonGtπβGpropβrtχβsGoδGmβltTmχxβαGpolystyrβnβVcorβâ��sπβllGp₃rtχclβG
n₃nocomposχtβsUG2015SGX]aSGXaTYc 5

1035 ”yntπβsχsG₃nαG₃pplχc₃tχonGoδGsχlχc₃Gπy−rχαsGεr₃δtβαGwχtπGnβwGεu₃nχαχnβTcont₃χnχnεGpolymβrsG₃sG
πχεπlyGβδδβctχvβG₃αsor−βntsGδorG−χlχru−χnGrβmov₃lUG2015SGYdZSGXaabTXab[ 23

1034 mβπ₃vχorGoδG₃αχpχcGαχπyαr₃zχαβG₃nαGsχlχc₃GχnGtπβGprβp₃r₃tχonGoδG₃cryl₃tβGrβαχspβrsχ−lβGpolymβrG
powαβrsUG2015SGYdZSGXdZbTXd[[ 2

1033 ”tor₃−lβGsχlχconVsπ₃pβGmβmoryGpolyurβtπ₃nβGπy−rχαGsolsGprβp₃rβαG−yG₃Gδ₃cχlβGsyntπβsχsGprocβssG₃nαG
tπβχrG₃pplχc₃tχonGtoG₃r₃mχαGδχ−βrsUG2015SGb[SGabWTaba 9

1032 pδδβctsGoδGδluorχnβG₃tomsGonGstructurβG₃nαGsurδ₃cβGpropβrtχβsGoδGPlytG₃nαGδluorχn₃tβαGPlytVrP–x”G
πy−rχαGδχlmsUG2015SGb]SGb[TcX 10

1031 —sβGoδGn₃noδχllβrsGχnGwooαGco₃tχnεseG₃GscχβntχδχcGrβvχβwUG2015SGXYSG[[]T[aX 77

1030 znβTpotGsyntπβsχsGoδGmonolχtπχcGm₃croporousGpolymβtπylsχlsβsquχox₃nβG₃−sor−χnεGoχlUG2015SGbbSGY[cTY]W 3

1029 –βmpl₃tβGsyntπβsχsG₃nαGw₃tβrGv₃porG₃αsorptχonG−yGmχcroTG₃nαGmβsoporousGsχlχc₃GεβlsGwχtπGπχεπG
spβcχδχcGsurδ₃cβG₃rβ₃UG2015SG[XSGXcbTXdZ 5

1028 ”yntπβsχsG₃nαG₃αsorptχonGpropβrtχβsGoδGcπχtos₃nTsχlχc₃Gn₃nocomposχtβGprβp₃rβαG−yGsolTεβlGmβtπoαUG
2015SGXWSGcb 105

1027 “o−ustGprβp₃r₃tχonGoδGcorβTsπβllGtypβGsχlχc₃VpolymβrGn₃nocomposχtβsG−yGusχnεGsurδ₃cβTχnχtχ₃tβαG
l“rp–Gl–“PUG2015SGaaSGcbTdX 2

(2015-2015)

45



1026 pδδβctGoδGmolβcul₃rGcπ₃χnGlβnεtπGonGtπβGpropβrtχβsGoδG₃mχnβTδunctχon₃lχzβαGεr₃pπβnβGoxχαβG
n₃nosπββtsVβpoxyGrβsχnsGn₃nocomposχtβsUG2015SG]SG[]dcbT[]dd] 65

1025 Prβp₃r₃tχonSGnπ₃r₃ctβrχz₃tχonSG₃nαGPropβrtχβsGoδGyovβlGPolyχmχαβâ��”χzYGsy−rχαGnomposχtβsGm₃sβαG
onGmχpyrχαχnβGδorGwowGoχβlβctrχcGlpplχc₃tχonsUG2015SG][SGXY]XTXYaY 9

1024 –βrn₃ryGcomposχtβsGoδGlχnβ₃rG₃nαGπypβr−r₃ncπβαGpolyχmχαβsGwχtπGn₃nosc₃lβGsχlχc₃GδorGlowGαχβlβctrχcG
const₃ntSGπχεπGtr₃nsp₃rβncySG₃nαGπχεπGtπβrm₃lGst₃−χlχtyUG2015SG]SG[WW[aT[WW][ 14

1023 ”yntπβsχsG₃nαGnπ₃r₃ctβrχz₃tχonGoδG”χlχc₃GlβroεβlToχspβrsβαG“₃nαomGPolyOstyrβnβTcoT−utylG₃cryl₃tβPG
y₃nocomposχtβsG−yGltomG–r₃nsδβrG“₃αχc₃lGnopolymβrχz₃tχoneGlG“βvβrsβGlppro₃cπUG2015SGY]SGXXcdTXXdd 3

1022 tmprovχnεGtπβGδr₃cturβGtouεπnβssG₃nαGtπβGstrβnεtπGoδGβpoxyGusχnεGn₃nom₃tβrχ₃lsTT₃GrβvχβwGoδGtπβG
currβntGst₃tusUG2015SGbSGXWYd[TZYd 460

1021 –πβGβδδβctGoδG₃cχαG₃nαG−₃sβGc₃t₃lystsGonGpπ₃sβGpurχtyG₃nαGαχssolutχonG−βπ₃vχorGoδGsolâ��εβlGαβrχvβαGχnG
sχtuGsχlχc₃Gco₃tβαG₃p₃tχtβGcomposχtβGn₃nopowαβrsUG2015SG[XSGd[baTd[cX 7

1020 ”yntπβsχsG₃nαGpropβrtχβsGoδG₃Gn₃noTsχlχc₃GmoαχδχβαGβnvχronmβnt₃llyGδrχβnαlyGpolyurβtπ₃nβG₃απβsχvβUG
2015SG]SG[[ddWT[[ddb 31

1019 oyn₃mχcGyβtworkGqorm₃tχonGoδGPz””TPβnα₃ntβαGPolymβrGvχ₃Gn₃εβG”cr₃m−lχnεGxβαχ₃tβαG−yG
qluorχαβGtonUG2015SG[cSGXaZaTXa[Z 12

1018 tntβrδ₃cχ₃lG₃nαG−ulkGn₃nostructurβGoδGlχquχαGpolymβrGn₃nocomposχtβsUG2015SGZXSGZbaZTbW 5

1017 xβsoporousGvt–TaGsχlχc₃â��polyαχmβtπylsχlox₃nβGOPox”PGmχxβαGm₃trχxGmβm−r₃nβsGδorGε₃sGsβp₃r₃tχonUG
2015SGZSGca]WTca]c 45

1016 zrε₃noTxoαχδχc₃tχonGoδGxβsoporousG”mlTX]GwχtπGnπχr₃lGoχ₃cχαG₃nαGχtsG—tχlχz₃tχonGδorGtπβG
Prβp₃r₃tχonGoδGwTPπβnyl₃l₃nχnβTm₃sβαGPolyO₃mχαβTχmχαβPGy₃nocomposχtβsUG2015SG][SG][dT]]] 7

1015
lnGχmχα₃zolχumT−₃sβαGorε₃nop₃ll₃αχumTδunctχon₃lχzβαGorε₃nχcâ��χnorε₃nχcGπy−rχαGsχlχc₃GpromotβsG
onβTpotGt₃nαβmG”uzukχGcrossGcouplχnεâ��rβαuctχonGoδGπ₃lo₃cβtopπβnonβsG₃nαG₃ryl−oronχcG₃cχαsUG2015
SGXb[TXb]SGZ[[TZ[d

8

1014 mχδunctχon₃lGsupβrp₃r₃m₃εnβtχcâ��lumχnβscβntGcorβâ��sπβllâ��s₃tβllχtβGstructurβαGmχcrospπβrβseG
prβp₃r₃tχonSGcπ₃r₃ctβrχz₃tχonSG₃nαGm₃εnβtoαχspl₃yG₃pplχc₃tχonUG2015SGZSG[aWZT[aX] 17

1013 lG−χoχnspχrβαGstr₃tβεyGδorGsurδ₃cβGmoαχδχc₃tχonGoδGsχlχc₃Gn₃nop₃rtχclβsUG2015SGZ]bSGXddaTYWWZ 48

1012 ”χlχc₃T”upportβαGzlχεomβrχcGmβnzylGPπospπ₃tβGO”χTzmPPG₃nαG–rχ₃zolβGPπospπ₃tβGO”χTz–PPGllkyl₃tχnεG
“β₃εβntsUG2015SGcWSGdd[YT]W 8

1011 plβctrospunG”upβrπyαropπo−χcGzrε₃nχcVtnorε₃nχcGnomposχtβGy₃noδχ−rousGxβm−r₃nβsGδorG
xβm−r₃nβGoχstχll₃tχonUG2015SGbSGYXdXdTZW 148

1010 “lq–GPolymβrχz₃tχonGonGP₃rtχclβG”urδ₃cβseG”₃mβGro₃lSGoχδδβrβntG”tr₃tβεχβsUG2015SGXcbTYWX 1

1009 lGq₃cχlβG“outβG–ow₃rαsGtπβG”yntπβsχsGoδGy₃nocomposχtβsGδorGtπβGlpplχc₃tχonG₃sG”olχαGplβctrolytβsG
vχ₃Grr₃δtχnεGPolymβrGδromG–χzYGy₃nop₃rtχclβsUG2015SGaXcSGXYWTXYc 9

Citation Report

46



1008 ”urδ₃cβGmoαχδχc₃tχonGstr₃tβεχβsGonGmβsoporousGsχlχc₃Gn₃nop₃rtχclβsGδorG₃ntχT−χoδoulχnεGzwχttβrχonχcG
δχlmGεr₃δtχnεUG2015SGYYaSGXaaTca 46

1007 sχεπTPβrδorm₃ncβG”oy₃GPolyurβtπ₃nβGyβtworkβαG”χlχc₃Gsy−rχαGy₃nocomposχtβGno₃tχnεsUG2015SG][SGXYbbWTXYbcb47

1006 “₃tχon₃lGαβsχεnGoδGn₃nop₃rtχclβVmonomβrGχntβrδ₃cβseG₃Gcom−χnβαGcomput₃tχon₃lG₃nαGβxpβrχmβnt₃lG
stuαyGoδGχnGsχtuGpolymβrχz₃tχonGoδGsχlχc₃G−₃sβαGn₃nocomposχtβsUG2015SG]SGbXZZaTbXZ[W 18

1005 n₃rr₃εββn₃nâ��”χlχc₃Gsy−rχαGy₃nop₃rtχclβsGPrβp₃rβαG−yG₃GyonTpmulsχonGxβtπoαUG2015SGYWX]SG[]ccT[]d[ 23

1004 Prβp₃r₃tχonG₃nαGnπ₃r₃ctβrχz₃tχonGoδG”χlχc₃VPolymβrGsy−rχαG”u−mχcronGP₃rtχclβsGvχ₃G₃G
”βmχTnontχnuousG”o₃pTqrββGpmulsχonGPolymβrχz₃tχonUG2015SGXXYWTXXYXSGYY]TYZY

1003 ”tuαχβsGonG–πβrm₃lG₃nαGxβcπ₃nχc₃lGPropβrtχβsGoδGppoxyT”χlχconGzxχαβGsy−rχαGx₃tβrχ₃lsUG2015SGY[SG[[[WT[[[c 3

1002 rrββnGsyntπβsχsGoδGn₃nosχlχc₃G−yGtπβrm₃lGαβcomposχtχonGoδGpχnβGconβsG₃nαGpχnβGnββαlβsUG2015SGYaSGX]cZTX]cd 23

1001 Prβp₃r₃tχonGoδGunχδormGpolyOurβ₃â��sχlox₃nβPGmχcrospπβrβsGtπrouεπGprβcχpχt₃tχonGpolymβrχz₃tχonUG
2015SG]SGdWZXZTdWZYW 10

1000 yo−lβGmβt₃lkmβt₃lGoxχαβGsβmχconαuctorGcorβksπβllGn₃noT₃rcπχtβcturβsG₃sG₃GnβwGpl₃tδormGδorGε₃sG
sβnsorG₃pplχc₃tχonsUG2015SG]SGbaYYdTbaY[c 148

999 rr₃pπβnβVβl₃stomβrGn₃nocomposχtβsUG2015SGd]SG[aWT[c[ 230

998 “βcβntG₃αv₃ncβsGχnGtπβGmoαχδχc₃tχonGoδGpoly₃cryl₃tβGl₃tβxβsUG2015SG]WSGacZdTacaZ 31

997 norβTsπβllGn₃nop₃rtχclβseGsyntπβsχsG₃nαG₃pplχc₃tχonsGχnGc₃t₃lysχsG₃nαGβlβctroc₃t₃lysχsUG2015SG[[SGb][WTdW 696

996 oχδδβrβncβsGχnGn₃t₃lytχcGlctχvχtyGoδGPolyOvχnyl₃mχnβPGtntroαucβαGonG”urδ₃cβGoδGxβsoporousG”mlTX]G
−yGrr₃δtχnεGδromG₃nαGrr₃δtχnεGontoGxβtπoαsGχnGvnoβvβn₃εβlGnonαβns₃tχonUG2015SGXXdSGXdd][TXddaa 12

995 tnGsχtuGtπβrm₃lGsyntπβsχsGoδGnovβlGpolyχmχαβGn₃nocomposχtβGδχlmsGcont₃χnχnεGorε₃noTmoαχδχβαG
l₃yβrβαGαou−lβGπyαroxχαβeGmorpπoloεχc₃lSGtπβrm₃lG₃nαGmβcπ₃nχc₃lGpropβrtχβsUG2015SGZdSGcXd]TcYWZ 26

994 —sχnεGδumβαGsχlχc₃Gn₃nop₃rtχclβsGmoαχδχβαGwχtπGπyαropπχlχcGsulδon₃tβαGpolymβrsGχnGtπβGprotonG
βxcπ₃nεβGn₃nocomposχtβGmβm−r₃nβsUG2015SG]bSGaabTab[ 10

993 –πβrmoαyn₃mχcGβv₃lu₃tχonG₃nαGβlβctrocπβmχc₃lGp₃r₃mβtβrsGoδGP nT−₃sβαGχonTβxcπ₃nεβGnχckβlG
tunεst₃tβGcomposχtβGmβm−r₃nβG₃nαGtπβχrGpotβntχ₃lG₃pplχc₃tχonsUG2015SG]aSGXbZbTXb[] 1

992 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδG₃ntχ−₃ctβrχ₃lG”βnβε₃lχ₃GOlc₃cχ₃PGsβnβε₃lVχronâ��sχlχc₃G
−χoTn₃nocomposχtβsUG2015SGZ][SGY]WTY]] 14

991 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGn₃noTπy−rχαsGcom−χnχnεGpolyOurβ₃TχmχαβPGwχtπG₃GporousG
sχlχc₃Tpχll₃rβαGl₃yβrβαGpπ₃sβUG2015SGYYSGX 2
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990 P oqTsqPVsχlχc₃T”sGn₃nocomposχtβGsyntπβsχsGδorGPpxqnGmβm−r₃nβsGtπrouεπGsχmult₃nβousG
onβTstβpGsolâ��εβlGrβ₃ctχonG₃nαGrβ₃ctχvβGβxtrusχonUG2015SGXaZSG][TaY 15

989 yullGpxtχnctχonGoδGnβrχ₃ksχlχc₃Gsy−rχαGP₃rtχclβseG–r₃nsp₃rβntGPolystyrβnβGnomposχtβsUG2015SGbSGYb]ZdT[a 18

988 –unχnεGtπβGχntβrδ₃cβG−βtwββnGpolyOvχnylχαβnβGδluorχαβPV— Tcur₃−lβGpolysχlsβsquχox₃nβGπy−rχαG
composχtβseGnomp₃tχ−χlχtySGtπβrm₃lSGmβcπ₃nχc₃lSGβlβctrχc₃lSG₃nαGsurδ₃cβGpropβrtχβsUG2015SGbbSGXabTXba 18

987 tnδluβncβGoδGtπβGPolymβrG”urδ₃cβGnπ₃rεβGonGtπβG”yntπβsχsG₃nαGPropβrtχβsGoδGPolymβrâ��”χlχc₃G
nomposχtβsUG2015SG][SGXXYd]TXXZWX 2

986 nolorχmβtrχcGαβtβctχonGoδGπyαroεβnGpβroxχαβG₃nαGεlucosβGusχnεGtπβGm₃εnβtχcGmβsoporousGsχlχc₃G
n₃nop₃rtχclβsUG2015SGXZ[SGbXYTbXb 49

985 –πβGpδδβctGoδG”urδ₃cβGxoαχδχc₃tχonGoδG”χlχc₃Gy₃nop₃rtχclβsGonGtπβGxorpπoloεχc₃lG₃nαGxβcπ₃nχc₃lG
PropβrtχβsGoδGmχsm₃lβχmχαβVoχ₃mχnβGx₃trχcβsUG2015SGZ[SGnV₃TnV₃ 10

984 mχo₃ctχvβGorε₃nχcTχnorε₃nχcGpolyOnwxlTcoTsplPVsχlχc₃Gn₃nocomposχtβsUG2015SGYdSGXWdaTXWc 3

983
tncorpor₃tχonGoδGχnorε₃nχcGcomponβntsGχntoGorε₃nχcGm₃trχcβsGonGtπβG−₃sχsGoδGpolymβrGswβllχnεGχnG
χnorε₃nχcGprβcursorsG₃sG₃Gw₃yGoδGcomposχtβGm₃tβrχ₃lsGsyntπβsχsGwχtπoutGmoαχδχβrG₃pplχc₃tχonUG2015SG
YWYSGYXbTYXc

1

982 oβsχεnGoδGmolβculβTrβsponsχvβGorε₃nχcâ��χnorε₃nχcGπy−rχαGn₃nop₃rtχclβsG−β₃rχnεGcycloαβxtrχnG₃sG
lχε₃nαsUG2015SG[bSGYWaTYXX 6

981 tmprovβαGmχcro−χ₃lGεrowtπGχnπχ−χtχonG₃ctχvχtyGoδG−χoTsurδ₃ct₃ntGχnαucβαGlεâ��–χzYGcorβGsπβllG
n₃nop₃rtχclβsUG2015SGZYbSG]W[T]Xa 12

980 zrε₃nχcTtnorε₃nχcGsy−rχαGy₃nom₃tβrχ₃lsUG2015SG 10

979 “u−−βrGcomposχtβsG−₃sβαGonGsχl₃nβTtrβ₃tβαGstˆ¶−βrGsχlχc₃G₃nαGnχtrχlβGru−−βreGtntβr₃ctχonGoδGtrβ₃tβαG
sχlχc₃GwχtπGru−−βrGm₃trχxUG2015SG[bSGY[cTYaX 39

978 ”yntπβsχsSGcπ₃r₃ctβrχz₃tχonSG₃nαGpropβrtχβsGoδGpolystyrβnβV”χzYGπy−rχαGm₃tβrχ₃lsGvχ₃Gsolâ��εβlG
procβssUG2015SGZaSG[cYT[cc 8

977 sy−rχαGorε₃nχcTχnorε₃nχcGcolloχα₃lGcomposχtβGNsponεβsNGvχ₃Gχntβrn₃lGcrosslχnkχnεUG2015SGXXSGXZWYTd 15

976 mlockGcopolymβrâ��n₃nop₃rtχclβGcomposχtβseG”tructurβSGδunctχon₃lGpropβrtχβsSG₃nαGprocβssχnεUG2015SG
[WSGZZTaY 168

975 nπβmχc₃lGsyntπβsχsGoδGPpoz–VlεGn₃nocomposχtβsGvχ₃GβmulsχonGtβcπnχquβGχnGsχlvβrGcolloχαUG2015SGXcSGaTXX 9

974 lssβssχnεGm₃εnβtχcGn₃nop₃rtχclβG₃εεrβε₃tχonGχnGpolymβrGmβltsG−yGαyn₃mχcGm₃εnβtχcGsuscβptχ−χlχtyG
mβ₃surβmβntsUG2015SGZbcSGa[TbY 10

973 y₃noχnαβnt₃tχonGχnGpolymβrGn₃nocomposχtβsUG2015SGabSGXTd[ 246
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972 –r₃nsp₃rβntG₃nαGqlβxχ−lβGqχlmsGoδG–πβrmopl₃stχcGPolyurβtπ₃nβsGtncorpor₃tβαG−yGy₃noT”χzYG
xoαχδχβαGWχtπG[S[jTxβtπylβnβGoχpπβnylGoχχsocy₃n₃tβUG2015SGa[SGXTa 15

971 tnGvχtroG−χo₃ctχvχtyG₃nαGmβcπ₃nχc₃lGpropβrtχβsGoδG−χo₃ctχvβGεl₃ssGn₃nop₃rtχclβsVpolyc₃prol₃ctonβG
composχtβsUG2015SG[aSGXTd 56

970
—ltr₃sonχcG₃ssχstβαGorε₃noTmoαχδχc₃tχonGoδGmβsoporousG”mlTX]GwχtπG
yTtrχmβllχtylχmχαoTlTmβtπχonχnβG₃nαGprβp₃r₃tχonGoδGtπβGpolyO₃mχαβâ��χmχαβPV”mlGn₃nocomposχtβsUG
2015SGbcSGZWWTZWa

19

969 UG2016SG 1

968 –χzYT”χzYT“βχnδorcβαGxβtπyl₃tβαGrr₃δtβαGy₃tur₃lG“u−−βrGOxr[dT–χzYT”χzYPGPolymβrG
y₃nocomposχtβseGPrβp₃r₃tχonSGzptχmχz₃tχonG₃nαGnπ₃r₃ctβrχz₃tχonUG2016SGY[SGb[bTb][ 1

967 –πβrm₃lGPropβrtχβsGoδGPolyχmχαβGnomposχtβsGwχtπGy₃nostructurβαG”χlχconGn₃r−χαβUG2016SGZYSGYdabTYdb[ 4

966 tnδluβncβGoδGzrε₃nχc₃llyTxoαχδχβαGxontmorχllonχtβG₃nαG”yntπβsχzβαGw₃yβrβαG”χlχc₃Gy₃nop₃rtχclβsGonG
tπβGPropβrtχβsGoδGPolypropylβnβG₃nαGPoly₃mχαβTaGy₃nocomposχtβsUG2016SGcSG 14

965 zrαβrβαG–oroχαG”tructurβsGoδGy₃nop₃rtχclβsGχnG”βlδT₃ttr₃ctχvβG”βmχδlβxχ−lβGPolymβrVy₃nop₃rtχclβG
nomposχtβsUG2016SGYdSGZcXTZcc 2

964 lGnχncπon₃Gllk₃loχαTqunctχon₃lχzβαGxβsostructurβαG”χlχc₃GδorGnonstructχonGoδGpnrχcπβαGnπχr₃lG
˛†T–rχδluoromβtπylT˛†TsyαroxyGvβtonβsGovβrGlnGppoxχα₃tχonT“βl₃yG“βαuctχonGProcβssUG2016SGXXSGYWbYTb 7

963 nπβmχstryGoδGxβsoporousGzrε₃nosχlχc₃GχnGy₃notβcπnoloεyeGxolβcul₃rlyGzrε₃nχcTtnorε₃nχcG
sy−rχαχz₃tχonGχntoGqr₃mβworksUG2016SGYcSGZYZ]TbY 231

962 ”olχαTst₃tβGsyntπβsχsGoδG₃GnβwGcorβâ��sπβllGn₃nocomposχtβGoδGpoly₃nχlχnβG₃nαGsχlχc₃Gvχ₃Goxχα₃tχonGoδG
₃nχlχnβGπyαrocπlorχαβG−yGqβnlZUasYzUG2016SGYbSGXWZcTXW[d 10

961 ”βquβntχ₃lG”yntπβsχsGoδGzrε₃nosχlχconTwχnkβαGYTxβtπoxypyrχαχnβsG−yGyonTnryoεβnχcG
ortπoTxβt₃ll₃tχonG—sχnεGtπβGnmuY–xPxε´•wχG“β₃εβntG₃nαGsyαrosχlyl₃tχonUG2016SGYWXaSGXYdYTXZW[ 2

960 x₃tπβm₃tχc₃lGmoαβlχnεGoδGtπβGε₃sGtr₃nsportGtπrouεπGPpml®VOnonporousGsχlχc₃PGn₃nocomposχtβG
mβm−r₃nβseGoβvβlopmβntG−₃sβαGonG ₃nGlmβronεβnG₃nαG ₃nGvrβvβlβnGrβl₃tχonsUG2016SGXbWSGYcWTYdZ 12

959 “olβGoδGq₃cχlχt₃tβαG–r₃nsportGxβm−r₃nβsG₃nαGnomposχtβGxβm−r₃nβsGδorGpδδχcχβntGnzYGn₃pturβGâ��GlG
“βvχβwUG2016SGZSGacTc] 65

958 ”tyrβnβG₃nαGxβtπylGxβtπ₃cryl₃tβG“₃nαomGnopolymβrχz₃tχonGvχ₃Glrp–Gl–“PeGtncorpor₃tχonGoδG
syαropπo−χcG”χlχc₃GlβroεβlGy₃nop₃rtχclβsUG2016SGZ]SGYaWTYac 9

957 lnom₃lousGαχβlβctrχcG−βπ₃vχourGoδGpolyOvχnylG₃lcoπolPTsχlχconGαχoxχαβGOP lT”χzYPGn₃nocomposχtβsUG
2016SG 7

956 PolyβtπylβnβT−₃sβαGmχoTG₃nαGy₃nocomposχtβsGδorGP₃ck₃εχnεGlpplχc₃tχonsUG2016SGZa]T[W[ 1

955 ”yntπβsχsGoδGsy−rχαG”χlχc₃Gy₃nop₃rtχclβsGoβnsβlyGrr₃δtβαGwχtπG–πβrmoG₃nαGpsGou₃lT“βsponsχvβG
mrusπβsGvχ₃G”urδ₃cβTtnχtχ₃tβαGl–“PUG2016SG[dSGd]caTd]da 28
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954 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGpolyOwTl₃ctχcG₃cχαPVπollowGsχlχc₃Gn₃nospπβrβsGn₃nocomposχtβsUG
2016SGXbSGYWYWTYWYa 3

953 ”tructurβG₃nαGpropβrtχβsGoδGorε₃nχcTχnorε₃nχcGn₃nocomposχtβsG−₃sβαGonGpoly₃rylβnββtπβrkβtonβUG
2016SGa]SGXWdbTXXWZ 7

952 PolystyrβnβTsχlχc₃G₃βroεβlGn₃nocomposχtβsG−yGχnGsχtuGsχmult₃nβousGrβvβrsβG₃nαGnorm₃lGχnχtχ₃tχonG
tβcπnχquβGδorGl–“PUG2016SGYYcSGXZYTX[W 26

951 lpplχc₃tχonGoδGsχl₃nβGεr₃δtβαGtχt₃n₃tβGn₃notu−βsGχnGrβχnδorcχnεGoδGpoly₃mχαβGXXGcomposχtβsUG2016SG
dZSGX]ZTXaY 12

950 y₃nop₃rtχclβsG₃sGstructurβTαχrβctχnεG₃εβntsGδorGcontrollχnεGtπβGorχβnt₃tχonGoδG−lockGcopolymβrG
mχcroαom₃χnGχnGtπχnGδχlmsUG2016SG][SGXXcTXYb 8

949 ”χl₃nχz₃tχonG₃sG₃Gvβrs₃tχlβGδunctχon₃lχz₃tχonGmβtπoαGδorGtπβGsyntπβsχsGoδGpolymβrVm₃εnβtχtβGπy−rχαG
n₃nop₃rtχclβsGwχtπGcontrollβαGstructurβUG2016SGaSG]ZdWZT]ZdXX 15

948 xoly−αβnumTlo₃αβαGXS]Tαχ₃mχnon₃pπtπ₃lβnβV²nzGm₃tβrχ₃lsGwχtπGχmprovβαGβlβctrχc₃lGpropβrtχβsG
₃nαG₃δδχnχtyGtow₃rαsGπyαroεβnG₃tG₃m−χβntGconαχtχonsUG2016SG[XSGXXYZYTXXY[X 14

947 pδδβctGoδGpolyβtπylβnβGεlycolTεr₃δtβαGεr₃pπβnβGonGtπβGnonTχsotπβrm₃lGcryst₃llχz₃tχonGkχnβtχcsGoδG
polyOβtπylβnβGoxχαβPG₃nαGpolyOβtπylβnβGoxχαβPelχtπχumGpβrcπlor₃tβGβlβctrolytβGsystβmsUG2016SGcZSGY[TZ[ 13

946 ”urδ₃cβGmonαχnεGtsG”tronεβrGδorGPolyOmβtπylGmβtπ₃cryl₃tβPGtπ₃nGδorGPolyOvχnylG₃cβt₃tβPUG2016SG[dSG[YXXT[YXd 25

945 ”yntπβsχsGoδGn₃no”χzYkPnpGcorβTsπβllGn₃nop₃rtχclβsG₃nαGχtsGβδδβctGonGcβmβntGπyαr₃tχonG₃tGβ₃rlyG
₃εβUG2016SGXX[SGabZTacW 41

944
–πβrm₃lGβxδolχ₃tχonGoδGπβx₃εon₃lG−oronGnχtrχαβGδorGβδδβctχvβGβnπ₃ncβmβntsGonGtπβrm₃lGst₃−χlχtySG
δl₃mβGrβt₃rα₃ncyG₃nαGsmokβGsupprβssχonGoδGβpoxyGrβsχnGn₃nocomposχtβsGvχ₃Gsolâ��εβlGprocβssUG2016SG
[SGbZZWTbZ[W

265

943 lαv₃ncβαGsχlχc₃VpolymβrGcomposχtβseGx₃tβrχ₃lsG₃nαG₃pplχc₃tχonsUG2016SGZcSGXTXY 119

942 “βcβntG₃αv₃ncβsGχnGorε₃nχcâ��χnorε₃nχcGwβllTαβδχnβαGπy−rχαGpolymβrsGusχnεGcontrollβαGlχvχnεGr₃αχc₃lG
polymβrχz₃tχonGtβcπnχquβsUG2016SGbSGZd]WTZdba 44

941 lGyovβlGy₃nosχlvβrVy₃nosχlχc₃GsyαroεβlGδorGmonβG“βεβnβr₃tχonGχnGtnδβctβαGmonβGoβδβctsUG2016SGcSGXZY[YT]W 46

940 lGcomp₃r₃tχvβGstuαyGoδGn₃nosc₃lβGεl₃ssGδχllβrGrβχnδorcβαGβpoxyGcomposχtβseGplβctrospunGn₃noδχ−βrG
vsGn₃nop₃rtχclβUG2016SGXYdSGXdTYd 16

939 –πβrmomβcπ₃nχc₃lGln₃lysχsGoδGPolymβrGy₃nocomposχtβsUG2016SGXdXTY[Y

938 qunctχon₃lGn₃nocomposχtβsGwχtπGpβrδβctGn₃no−lβnαχnεG−βtwββnGw₃tβrTsolu−lβGpolymβrsG₃nαG
πyαropπo−χcGχnorε₃nχcGn₃nop₃rtχclβseG₃pplχc₃tχonsGtoGβlβctrχcTstχmulχTrβsponsχvβGδχlmsUG2016SGcSGXcZX]TXcZY] 10

937 x₃εnβtχcGpolymβrTsχlχc₃GcomposχtβsG₃sG−χolumχnβscβntGsβnsorsGδorG−χlχru−χnGαβtβctχonUG2016SGXcZSG[YYT[Yd 12
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936 q₃cχlβG”yntπβsχsGoδGsy−rχαG”χlχc₃Gy₃nop₃rtχclβsGrr₃δtβαGwχtπGsβlχc₃lGPolyOpπβnylGχsocy₃nχαβPsG₃nαG
–πβχrGpn₃ntχosβlβctχvβGnryst₃llχz₃tχonGl−χlχtyUG2016SG[dSGbadYTbbWY 65

935 syαropπo−χcG₃ssocχ₃tβαGpolymβrGâ��εr₃δtβαGontoâ��Gn₃nosχlχc₃G₃sG₃GmultχTδunctχon₃lGδluχαGlossG₃εβntGδorG
oχlGwβllGcβmβntGunαβrGultr₃πχεπGtβmpβr₃turβUG2016SGaSGdXbYcTdXb[W 15

934 rr₃pπβnβGzxχαβeGrr₃δtχnεGmχomolβculβsGontoGrr₃pπβnβGzxχαβG”πββtsUG2016SGZXYTZZW

933 ”yntπβsχsGoδGPmxlT−TPrxlGmlockGnopolymβrsGvχ₃Gtnl“Gl–“PG₃nαGtπβχrGlpplχc₃tχonGχnG
PolymβrV–χt₃nχumGoχoxχαβGsy−rχαGx₃tβrχ₃lsUG2016SG[XSGaZTbZ 3

932 pδδβctGoδGn₃noTsχlχc₃GonGtπβGmβcπ₃nχc₃lGpropβrtχβsGoδG₃crylχcGpolyurβtπ₃nβGco₃tχnεsUG2016SGXWXSG[bbT[c] 54

931 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGpolymβrTsχlχc₃Gπy−rχαGl₃tβxβsG₃nαGsolTεβlTαβrχvβαGδχlmsUG2016SGZcdSGaaaTabY 13

930 nrββpGrβsponsβGoδG₃GwoPpT−₃sβαGn₃nocomposχtβUG2016SGXZZSG 3

929 lnGχmχα₃zolχumTmoαχδχβαGcπχr₃lGrπoαχumVαχ₃mχnβTδunctχon₃lχzβαGpβrχoαχcGmβsoporousGorε₃nosχlχc₃G
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mβm−r₃nβGwχtπGsβlδT₃ssβm−lβαG–χzYGn₃nop₃rtχclβsUG2016SG[adSGXa[TXba 33

856 lαv₃ncβsGχnGclχckGcπβmχstryGδorGsχlχc₃T−₃sβαGm₃tβrχ₃lGconstructχonUG2016SGaSGYXdbdTYYWWa 30

855 oβvβlopmβntGoδGsust₃χn₃−lβGβl₃stomβrχcGβnεχnββrχnεGn₃nocomposχtβsGδromGlχnsββαGoχlGwχtπG
χmprovβαGmβcπ₃nχc₃lGst₃−χlχtyG₃nαGtπβrm₃llyGχnαucβαGsπ₃pβGmβmoryGpropβrtχβsUG2016SGZ]SGZccTZdd 3
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–un₃−lβGcomposχtβG₃rcπχtβcturβG₃nαGπomoεβnβousGαχspβrsχonGoδGcπ₃rεβαG”χzYGχnGpolymβrGm₃trχxG
₃ssχstβαG−yGpolyOYTβtπylπβxylG₃cryl₃tβPGOPYpslPGl₃tβxGprβp₃rβαG−yGsβlδT₃ssβm−lyGtπrouεπG
βlβctrost₃tχcGχntβr₃ctχonsUG2016SGaSG]aYXT]aZW
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853 sy−rχαG₃αsor−βntGnonwovβnGstructurβseG₃GrβvχβwGoδGcurrβntGtβcπnoloεχβsUG2016SG]XSG[XbZT[YWW 16

852 znGtπβGstr₃tβεχβsGδorGχncorpor₃tχnεGn₃nosχlχc₃G₃quβousGαχspβrsχonGχnGtπβGsyntπβsχsGoδGw₃tβr−ornβG
polyurβtπ₃nβVsχlχc₃Gn₃nocomposχtβseGpδδβctsGonGmorpπoloεyG₃nαGpropβrtχβsUG2016SGaSGcXTdX 14

851 lGδ₃cχlβG₃nαGεrββnGprβp₃r₃tχonGoδGn₃nosχlχc₃TsupportβαG₃ntχoxχα₃ntG₃nαGχtsGrβχnδorcβmβntG₃nαG
₃ntχoxχα₃tχonGβδδβctGonGstyrβnβT−ut₃αχβnβGru−−βrUG2016SGYXSGXc]TXdb 11

850 nomplβtβGαopχnεGχnGsolχαTst₃tβG−yGsχlχc₃TsupportβαGpβrcπlorχcG₃cχαG₃sGαop₃ntGsolχαG₃cχαeG”yntπβsχsG
₃nαGcπ₃r₃ctβrχz₃tχonGoδGtπβGnovβlGcπχr₃lGcomposχtβGoδGpolyG[O´–PTYTOsβcT−utylPG₃nχlχnβÜUG2016SGYZbSGY]cTYac 15

849 rr₃δtχnεGPxxlGmrusπβsGδromG˛–Tllumχn₃Gy₃nop₃rtχclβsGvχ₃G”tTl–“PUG2016SGcSG][]cTa] 31

848 lGPolymβrTno₃tβαG“πoαχumVoχ₃mχnβTqunctχon₃lχzβαG”χlχc₃GδorGnontroll₃−lβG“β₃ctχonG”wχtcπχnεGχnG
pn₃ntχosβlβctχvβG–₃nαβmG“βαuctχonâ��w₃ctonχz₃tχonGoδGptπylGYTlcyl₃rylc₃r−oxyl₃tβsUG2016SGaSGYY[[TYY[d 17
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846 oyn₃mχcG₃nαGstructur₃lGcorrβl₃tχonsGχnGn₃nocomposχtβsGoδGsχlχc₃GwχtπGmoαχδχβαGsurδ₃cβG₃nαG
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nomp₃r₃tχvβG”tuαyGonGzptχc₃lGPropβrtχβsG₃nαG”cr₃tcπG“βsχst₃ncβGoδGy₃nocomposχtβGno₃tχnεsG
tncorpor₃tβαGwχtπGql₃mβG”pr₃yGPyrolyzβαG”χlχc₃GxoαχδχβαGvχ₃GχnTsχtuG“outβG₃nαGβxTsχtuG“outβUG2016SG
ZYSGY]XTY]c
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multχδunctχon₃lGn₃nocomposχtβsGδorGc₃ncβrGupTconvβrsχonGχm₃εχnεG₃nαGpπototπβrm₃lGtπβr₃pyUG2016
SGaSGZY]WTZY]c

7

841 –ouεπGsupβr₃−sor−βntGpolyO₃crylχcG₃cχαPGn₃nocomposχtβGpπysχc₃lGπyαroεβlsGδ₃−rχc₃tβαG−yG₃Gαu₃llyG
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840 n₃zTlo₃αβαG₃lεχn₃tβGc₃psulβGmoαχδχβαGwχtπGsχl₃nβGcouplχnεG₃εβntsGδorGtr₃nsβstβrχδχc₃tχonGoδG
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839 ”urδ₃cβTχnχtχ₃tβαGpolymβrχz₃tχonGoδGstyrβnβGδromGonβTstβpGprβp₃rβαGtπχolTδunctχon₃lχzβαG
orε₃nocl₃ysUG2016SGXX[SGZbT[X 7

838 q₃−rχc₃tχonGoδGpolyOmβtπylGmβtπ₃cryl₃tβPVsχlχc₃Gvt–TaGn₃nocomposχtβsGvχ₃GχnGsχtuGpolymβrχz₃tχonG
₃ppro₃cπG₃nαGtπβχrG₃pplχc₃tχonGδorGrβmov₃lGoδGnuYRGδromG₃quβousGsolutχonUG2016SGaSGXX[XdTXX[Yd 59

837 xorpπoloεyG₃nαGmolβcul₃rGαyn₃mχcsGχnvβstχε₃tχonGoδGPox”G₃αsor−βαGonGtχt₃nχ₃Gn₃nop₃rtχclβseG
pδδβctsGoδGpolymβrGmolβcul₃rGwβχεπtUG2016SGb[SGa[TcW 49

836 nonjuε₃tχonGoδGsχlχc₃Gn₃nop₃rtχclβsGwχtπGcβllulosβG₃cβt₃tβVpolyβtπylβnβGεlycolGZWWGmβm−r₃nβGδorG
rβvβrsβGosmosχsGusχnεGxε”z[GsolutχonUG2016SGXZaSG]]XTd 31

835 y₃nostructurβαGmβt₃lâ��orε₃nχcGδr₃mβworksG₃nαGtπβχrG−χoTrβl₃tβαG₃pplχc₃tχonsUG2016SGZWbSGZ[YTZaW 382

834 xβt₃lTorε₃noTzχncGoxχαβGm₃tβrχ₃lseGtnvβstχε₃tχonGonGtπβGstructur₃lSGoptχc₃lG₃nαGβlβctrχc₃lGpropβrtχβsUG
2016SGa]aSGX[aTX]Z 27

833 oβsχεnG₃nαGcπ₃r₃ctβrχz₃tχonGoδG₃nχonχcGπyαroεβlsGconδχnβαGχnGo₃χsoεβlGsχlχc₃GcomposχtβsG
mχcrospπβrβsG₃nαGtπβχrG₃pplχc₃tχonGχnGsust₃χnβαGrβlβ₃sβGoδGprotβχnsUG2016SG[cdSG[aT]a 19

832 znβTpotGsyntπβsχzβGoδGαβnαrχtχcGπypβr−r₃ncπβαGPlxlxG₃nαG₃ssβssmβntG₃sG₃G−ro₃αGspβctrumG
₃ntχmχcro−χ₃lG₃εβntG₃nαG₃ntχT−χoδχlmUG2016SG]cSGXX]WTd 21

831 xβcπ₃nχc₃lSGtπβrmoTmβcπ₃nχc₃lSGtπβrm₃lSG₃nαGswβllχnεGpropβrtχβsGoδGpPoxTorε₃nχc₃llyGmoαχδχβαG
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828 ”yntπβsχsGoδGn₃rrowlyGαχstrχ−utβαGpolystyrβnβTβnc₃psul₃tβαGsχlχc₃Gn₃nop₃rtχclβsGvχ₃GβmulsχonG
polymβrχz₃tχonUG2017SGZcSG[]XT[]a 2
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826 pδδβctsGoδGsurδ₃cβGεr₃δtχnεGoδGcoppβrGn₃nop₃rtχclβsGonGtπβGtβnsχlβG₃nαG−onαχnεGpropβrtχβsGoδGδl₃xG
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822 xorpπoloεyTnontrollβαGno₃tχnεGoδGnolloχα₃lGP₃rtχclβsGwχtπG”χlχc₃eGtnδluβncβGoδGP₃rtχclβG”urδ₃cβG
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818 pnπ₃ncβαGχntβrδ₃cχ₃lGχntβr₃ctχonG₃nαGβxcβllβntGpβrδorm₃ncβGoδGsχlχc₃VβpoxyGεroupTδunctχon₃lχzβαG
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816 pnεχnββrβαGy₃nom₃tβrχ₃lseG–πβχrGPπysχcocπβmχc₃lGnπ₃r₃ctβrχstχcsG₃nαGsowGtoGxβ₃surβG–πβmUG2017SG
d[bSGZTYZ 5

815 tnvβstχε₃tχonGoδGsupβrχorGβlβctroToptχc₃lGpropβrtχβsGoδG”nzYV”χzYGn₃nocomposχtβGovβrGχtsGχnαχvχαu₃lG
countβrp₃rtG”nzYGn₃nop₃rtχclβsUG2017SGXdZSGYZ[TY[Z 7

814 pδδβctGoδGsurδ₃cβGcπ₃rεβαG”χzGYGn₃nop₃rtχclβsGonGtπβGmχcrostructurβG₃nαGpropβrtχβsGoδG
polyχmχαβV”χzGYGn₃nocomposχtβGδχlmsUG2017SGZYWSG]dTa[ 12

813 rr₃δtGnopolymβrχz₃tχonGoδyTtsopropyl₃cryl₃mχαβG₃nαGlcrylχcGlcχαGonGmβntonχtβGnolloχαsGδorG
tnToβptπGqluχαGoχvβrsχonUG2017SGZXSGZ]ZbTZ][] 6

812 lαv₃ncβsGχnGxβt₃lâ��zrε₃nχcGwχε₃nαG”ystβmsGδorGPolymβrGplβctrolytβGxβm−r₃nβseGlG“βvχβwUG2017SG
XbSGYbcTYcb 6

811 yovβlG₃ntχδoεGmoαχδχc₃tχonGδorGcontrollβαGmχεr₃tχonG₃nαGprolonεβαGwβttχnεGoδGwwoPpGtπχnGδχlmsUG
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810 –πβGrolβGoδG–pz”T–tPGwχtπχnG₃Gpβnt₃−lockGχonomβreGxorpπoloεySGpπysχc₃lGpropβrtχβsSG₃nαGχonG
tr₃nsportUG2017SG]]SG]b]T]ca 4

809 tnvβstχε₃tχonGoδGtπβrm₃lG₃nαGαχβlβctrχcGpropβrtχβsGoδGqβZz[VπχεπTαβnsχtyGpolyβtπylβnβG
n₃nocomposχtβsUG2017SG]XSGZdYZTZdYd 6

808 WooαTm₃sβαGy₃nocomposχtβGoβrχvβαG−yGχnG”χtuGqorm₃tχonGoδGzrε₃nχcTtnorε₃nχcGsy−rχαGPolymβrG
wχtπχnGWooαGvχ₃G₃G”olTrβlGxβtπoαUG2017SGdSGdWbWTdWbc 38

807 WβllTαβδχnβαGpolyχsoprβnβTεr₃δtβαGsχlχc₃Gn₃nop₃rtχclβsGvχ₃GtπβG“lq–GprocβssUG2017SG]]SGX[dZTX]WX 19

806 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδG₃GπχεπGpβrδorm₃ncβGpowαβrGco₃tχnεG−₃sβαGonGβpoxyVcl₃yG
n₃nocomposχtβUG2017SGXWaSGadTba 29

805 ”yntπβsχsGoδG₃mχnosχl₃nβGcrosslχnkβαGc₃tχonomβrχcGw₃tβr−ornβGpolyurβtπ₃nβGn₃nocomposχtβsG₃nαG
χtsGpπysχcocπβmχc₃lGpropβrtχβsUG2017SG]YYSGXY[TXZY 26

804 Prβp₃r₃tχonGoδGporousGπollowGsχlχc₃GspπβrβsGvχ₃G₃Gl₃yβrT−yTl₃yβrGprocβssG₃nαGtπβGcπrom₃toεr₃pπχcG
pβrδorm₃ncβUG2017SGXXSGZZT[X 3

803 ”tuαyGoδGstructurβâ��pβrδorm₃ncβGrβl₃tχonsπχpsGoδGpolymβrχcGαχspβrs₃ntsGonGp₃rtχclβGαχspβrsχonG₃nαG
st₃−χlχs₃tχonUG2017SGbSGY]XZTY]Xd 5

802 PolypropylβnβGδχlmsGwχtπGπχεπG−₃rrχβrGpβrδorm₃ncβGvχ₃Gcryst₃lGmorpπoloεyGm₃nχpul₃tχonUG2017SG]YSG][[dT][aX 12

801 –πβGmorpπoloεyG₃nαGstructurβGoδGn₃tur₃lGcl₃ysGδromG±₃nεtzβG“χvβrG₃nαGtπβχrGχntβr₃ctχonsGwχtπG
polyurβtπ₃nβGβl₃stomβrUG2017SGdaSG[aT]a 8

800 Prβp₃r₃tχonGoδGcomposχtβGδχlmsGwχtπGcontrollβαGαχspβrsχonGst₃tβGoδG”χzGYGn₃nop₃rtχclβsG−yGusχnεG
polymβrV”χzGYGn₃nocomposχtβGp₃rtχclβsUG2017SG]YZSGXWaTXXb 11

799 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGprotonGβxcπ₃nεβGmβm−r₃nβsGwχtπGtπrouεπTmβm−r₃nβGprotonG
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798 qrββTvolumβGβδδβctsGonGtπβGtπβrmomβcπ₃nχc₃lGpβrδorm₃ncβGoδGβpoxyâ��”χzYGn₃nocomposχtβsUG2017SG
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797 xoαχδχc₃tχonGoδGδumβαGsχlχc₃Gsurδ₃cβGwχtπGαχδδβrβntGsulδon₃mχαβsGvχ₃G₃GpostsyntπβsχsGmβtπoαG₃nαG
tπβχrG₃pplχc₃tχonG₃sG₃ntχ−₃ctβrχ₃lG₃εβntsUG2017SGYWSGcZZTc[W 8

796 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGpoly₃nχlχnβTsχlχc₃GcomposχtβseG“₃sp−βrryGvsGcorβTsπβllGstructurβsUG
WπβrβGαoGwβGst₃nαjUG2017SG]WYSGXc[TXdY 19

795 ²wχttβrχonχcG”χl₃nβGnopolymβrGδorG—ltr₃T”t₃−lβG₃nαGmrχεπtGmχomolβcul₃rGPro−βsGm₃sβαGonG
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794 lGδ₃cχlβGstr₃tβεyGtow₃rαsGtπβGβnc₃psul₃tχonGoδG–χzYGn₃nop₃rtχclβsGwχtπGPolyOyTvχnylc₃r−₃zolβPG
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792 sy−rχαGorε₃nχcTχnorε₃nχcGaqolTapqolG₃nαGmultχT−lockGaqolTolmlGpolyχmχαβG”χzYâ��–χzYG
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718 xorpπoloεχc₃lGβx₃mχn₃tχonGoδGπχεπlyGporousGpolyl₃ctχcG₃cχαVmχoεl₃ssGsc₃δδolαsGproαucβαGvχ₃G
nonsolvβntGχnαucβαGpπ₃sβGsβp₃r₃tχonUG2017SGXW]SGY[ZZTY[[Y 17

717 pδδχcχβntGmoαχδχc₃tχonGoδGn₃nosχlχc₃Gp₃rtχclβsGχnGprβp₃r₃tχonGoδG₃ntχTscr₃tcπGtr₃nsp₃rβntGpoly₃crylχcG
δχlmsGtπrouεπGmχnχβmulsχonGpolymβrχz₃tχonUG2017SGb[SGXcbdTXcdc 5

716 ”χlχc₃TpolyOstyrβnβsulpπonχcG₃cχαPGn₃nocomposχtβsG₃sGpromχsχnεG₃cχαGc₃t₃lystsUG2017SGYbdSGX]]TXaZ 4

715 lm−βrlχtβG®loGcopolymβrsG₃sG₃nGβnvχronmβntGδorGsχlχc₃GαβposχtχonUG2017SGYZbSGYXWTYYX 10

714 murst₃−lβGn₃nostructurβαGmχcroTr₃sp−βrrχβseG–ow₃rαsGrβαχspβrsχ−lβGn₃nop₃rtχclβsGδromGαryG
powαβrsUG2017SG[dWSG[WXT[Wd 13

713 –ow₃rαsGtr₃nsp₃rβntGPxxlV”χzYGn₃nocomposχtβsGwχtπGpromχsχnεGscr₃tcπTrβsχst₃ncβG−yG
m₃nχpul₃tχonGoδG”χzYG₃εεrβε₃tχonGδollowβαG−yGχnGsχtuGpolymβrχz₃tχonUG2017SGXZ[SG 7

712 tnδluβncβGoδGsurδ₃cβTtrβ₃tβαG”χzYGonGtπβGtr₃nsportG−βπ₃vχorGoδGzYG₃nαGyYGtπrouεπG
polyαχmβtπylsχlox₃nβGn₃nocomposχtβGmβm−r₃nβUG2017SGXb]SGZ]cTZa[ 15

711 oβcor₃tχonGoδGεr₃pπβnβGoxχαβGn₃nosπββtsGwχtπG₃mχnoGsχl₃nβTδunctχon₃lχzβαGsχlχc₃Gn₃nop₃rtχclβsGδorG
βnπ₃ncχnεGtπβrm₃lG₃nαGmβcπ₃nχc₃lGpropβrtχβsGoδGpolypropylβnβGn₃nocomposχtβsUG2017SGXZ[SG 8

710 q₃−rχc₃tχonGoδGm₃εnβtχc₃llyGrβsponsχvβGsv—”–TXVqβzGcomposχtβsG−yGαryGεβlGconvβrsχonGδorGαββpG
αβsulδurχz₃tχonG₃nαGαβnχtroεβn₃tχonUG2017SGZYXSGZ[[TZ]Y 140

709 ”yntπβsχsG₃nαGswβllχnεG−βπ₃vχourGoδGpoly₃cryl₃mχαβVmoαχδχβαGsχlχc₃Gπy−rχαGεβlsUG2017SG

708 Prβssurβâ��χnαucβαGcryst₃llχz₃tχonGoδG−χoεβnχcGπyαrousG₃morpπousGsχlχc₃UG2017SGXXYSGZY[TZZ] 4

707 –πβrm₃lG”t₃−χlχtyGoδGzptχc₃llyG–r₃nsp₃rβntGllpπ₃T²χrconχumGPπospπ₃tβVPolyOmβtπylGmβtπ₃cryl₃tβPG
y₃nocomposχtβsGwχtπGsχεπGP₃rtχclβGwo₃αχnεUG2017SGY]SGYabTYbY 4

706 pδδβctGoδG–πβrmopl₃stχcGPolyurβtπ₃nβTxoαχδχβαG”χlχc₃GonGxβltTmlβnαβαGPolyOw₃ctχcGlcχαPGOPwlPG
y₃nocomposχtβsUG2017SGY]SG]cZT]dY 8

705 mχoαβεr₃α₃−lβGδooαGp₃ck₃εχnεGn₃nocomposχtβsG−₃sβαGonG²nzTrβχnδorcβαGpolyπyαroxy₃lk₃no₃tβsUG
2017SGXc]TYYX 4

704 PolymβrχcGy₃nocomposχtβGxβm−r₃nβsGδorGyβxtGrβnβr₃tχonGPβrv₃por₃tχonGProcβsseG”tr₃tβεχβsSG
nπ₃llβnεβsG₃nαGquturβGProspβctsUG2017SGbSG 70

703 PolyχsoprβnβT”χlχc₃Gy₃nop₃rtχclβsG”yntπβsχzβαGvχ₃G“lq–GpmulsχδχβrTqrββGpmulsχonGPolymβrχz₃tχonG
—sχnεGW₃tβrT”olu−lβGtnχtχ₃torsUG2017SGdSG 10
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702 –πβGrolβGoδGn₃nomβαχcχnβSGn₃notβcπnoloεySG₃nαGn₃nostructurβsGonGor₃lG−onβGπβ₃lχnεSGmoαβlχnεSG
₃nαGrβmoαβlχnεUG2017SGbbbTcZY 3

701 llεχn₃tβTm₃sβαGsy−rχαGy₃nocomposχtβGx₃tβrχ₃lsUG2017SGaWZTa[c 2

700 PolymβrGy₃nocomposχtβsGvχ₃GnlχckGnπβmχstryG“β₃ctχonsUG2017SGdSG 31

699 pyslynpoGmtzrl”GOnzYVns[PG”pPl“l–tzyGPp“qz“xlynpGzqGs±m“toGxt®poGxl–“t®G
xpxm“lypGm±Gtynz“Pz“l–tyrGylyz”twtnlGPl“–tnwp”Gty–zGPzw±p–sp“”—wqzypUG2017SGbdSG

698 pnπ₃ncβαGδr₃cturβGtouεπnβssGoδGn₃nostructurβαGc₃r−onTδχ−βrGrβχnδorcβαG
polyOurβtπ₃nβTχsocy₃nur₃tβPGcomposχtβsG₃tGlowGconcβntr₃tχonsUG2018SG]cSGXY[XTXY]W 1

697 oyn₃mχcGsπβ₃rGrπβoloεyGoδGcolloχα₃lGsuspβnsχonsGoδGsurδ₃cβTmoαχδχβαGsχlχc₃Gn₃nop₃rtχclβsGχnGPprUG
2018SGYWSGX 4

696 ”tructurβG₃nαGcπ₃r₃ctβrχs₃tχonGoδGπyαroxyβtπylcβllulosβTsχlχc₃Gn₃nop₃rtχclβsUUG2018SGcSGa[bXTa[bc 13

695 sollowGspπβrβseGcrucχ₃lG−uχlαχnεG−locksGδorGnovβlGn₃nostructurβsG₃nαGn₃nopπotonχcsUG2018SGbSGadZTbXZ 12

694 –πβrm₃lGχnsul₃tχonGoδGsχlχc₃G₃βroεβlVPxxlGcomposχtβsGwχtπG₃mχnoTc₃ppβαGpolyαχvχnylsχlox₃nβG
pπ₃sβGχntβrδ₃cβsUG2018SGY]SGXXWbTXXX[ 5

693 prosχonGcπ₃r₃ctβrχstχcsGoδGβtπylβnβGpropylβnβGαχβnβGmonomβrGcomposχtβGχnsul₃tχonG−yG
πχεπTtβmpβr₃turβGαβnsβGp₃rtχclβsUG2018SGX[]SGYdZTZWZ 15

692 ”yntπβsχsGoδGpolystyrβnβTεr₃δtβαGn₃nosχlχc₃Gvχ₃GnχtroxχαβGr₃αχc₃lGcouplχnεGrβ₃ctχonG₃nαGχtsG
₃pplχc₃tχonGχnG— Tcur₃−lβG₃cryl₃tβT−₃sβαGco₃tχnεGsystβmsUG2018SGXXdSGbaTc[ 3

691
pnπ₃ncβmβntGoδGsβp₃r₃tχonGpβrδorm₃ncβGoδGn₃noGπy−rχαGPp”Gâ��–χzYGmβm−r₃nβGusχnεGtπrββG
com−χn₃tχonGβδδβctsGoδGultr₃vχolβtGχrr₃αχ₃tχonSGβtπ₃nolT₃cβtonβGχmmβrsχonSG₃nαGtπβrm₃lG₃nnβ₃lχnεG
procβssGδorGnzYGrβmov₃lUG2018SGaSGYca]TYcbZ

13

690
nπ₃r₃ctβrχz₃tχonGoδG₃morpπousGsχlχc₃Gn₃noδχllβrGβδδβctGonGtπβGstructur₃lSGmorpπoloεχc₃lSGoptχc₃lSG
tπβrm₃lSGαχβlβctrχcG₃nαGβlβctrχc₃lGpropβrtχβsGoδGP lâ��P PG−lβnαG−₃sβαGpolymβrGn₃nocomposχtβsGδorG
tπβχrGδlβxχ−lβGn₃noαχβlβctrχcG₃pplχc₃tχonsUG2018SGYdSGXW]XbTXW]Z[

42

689 nolorχmβtrχcGαβtβctχonGoδGεlucosβGusχnεGl₃ntπ₃numTχncorpor₃tβαGxnxT[XUG2018SGYWZSGYd[TZWW 16

688 Pββl₃−lβGcl₃yVPpGn₃nocomposχtβGsβ₃lsGwχtπGultr₃TwχαβGpββl₃−lβGπβ₃tGsβ₃lGtβmpβr₃turβGwχnαowUG
2018SGX]cSGXZYTX[Y 3

687 xβt₃llocβnβTn₃t₃lyzβαGnopolymβrχz₃tχonGoδGptπylβnβG₃nαGXTsβxβnβGχnGtπβGPrβsβncβGoδG
rr₃pπβnβVxεllGwosGy₃noδχllβreGpδδβctGonGtπβGlctχvχtySG”nmSG₃nαG–πβrm₃lG”t₃−χlχtyUG2018SG[ZSGaWYXTaWZY 6

686 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGO[T₃rmTst₃rTPxxlPVPxxlTεT”χzYGπy−rχαGn₃nocomposχtβsUG2018SG
bSGZdXTZdc 3

685 qorm₃tχonGoδGtπβGtπrββTαχmβnsχon₃lGOZoPGχntβrlχnkβαGπy−rχαGsπχsπTkβ−₃−sGχnGχnjβctχonTmolαβαG
PpVPpTεTnyqGcomposχtβG−yGâ��structurχnεâ��GprocβssχnεUG2018SGX]bSGYWdTYXa 7
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684 –πβGχnδluβncβGoδGδumβαGsχlχc₃GcontβntG₃nαGp₃rtχclβGsχzβGχnGpolyGO₃mχαβGaT−TβtπylβnβGoxχαβPGmχxβαG
m₃trχxGmβm−r₃nβsGδorGε₃sGsβp₃r₃tχonUG2018SGXddSG[bT]a 35

683 nlχckT−₃sβαGtr₃nsp₃rβntGαur₃−lβGδχlmsGαβrχvβαGδromGtβtr₃−r₃cπχusGPox”T−rχαεβαGβpoxyG₃cryl₃tβsG
₃nαGsurδ₃cβGmoαχδχβαGn₃nosχlχc₃Gp₃rtχclβsUG2018SGXXbSGXaaTXbZ 7

682 nπχtos₃nT”χlχc₃Gsy−rχαGnomposχtβsGδorG“βmov₃lGoδG”ulδon₃tβαGlzoGoyβsGδromGlquβousG”olutχonsUG
2018SGZ[SGYY]cTYYbZ 60

681 n₃lcχumGc₃r−on₃tβGmχnβr₃lχz₃tχonGχnGcπχr₃lGmβsomorpπχcGorαβrTrβt₃χnχnεGβtπylGcβllulosβVpolyO₃crylχcG
₃cχαPGcomposχtβGδχlmsUG2018SGXZdSGYaTZ] 14

680 pntr₃ppβαG”tyrβnβGmut₃αχβnβGPolymβrGnπ₃χnsG−yG”olTrβlToβrχvβαG”χlχc₃Gy₃nop₃rtχclβsGwχtπG
sχβr₃rcπχc₃lG“₃sp−βrryG”tructurβsUG2018SGXYYSGYWXWTYWYY 7

679 pδδβctGoδGsurδ₃cβGδunctχon₃lχz₃tχonGoδGπ₃lloysχtβGn₃notu−βsGonGsyntπβsχsG₃nαGtπβrm₃lGpropβrtχβsGoδG
polyO˛µTc₃prol₃ctonβPUG2018SG]ZSGa]XdTa][X 16

678 PolyOYT₃mχnotπχ₃zolβPTsχlχc₃Gn₃nocomposχtβGp₃rtχclβseG”yntπβsχsG₃nαGmorpπoloεyGcontrolUG2018SG[ZaSGXWcZTXWdY8

677 pδδβctGoδGπyαropπo−χcGsurδ₃cβGtrβ₃tβαGδumβαGsχlχc₃GδχllβrsGonG₃GonβT−ottlβGβtcπG₃nαGrχnsβGmoαβlG
αβnt₃lG₃απβsχvβUG2017SGYdSGXW 5

676 nπβmχc₃lG₃nαGpπysχc₃lGχntβr₃ctχonG−βtwββnGsχl₃nβGcouplχnεG₃εβntGwχtπGlonεG₃rmsG₃nαGsχlχc₃G₃nαGχtsG
βδδβctGonGsχlχc₃Vn₃tur₃lGru−−βrGcomposχtβsUG2018SGXZ]SGYWWTYXW 56

675 PorousGn₃r−onGy₃nosπββtT”upportβαGnπχr₃lG”qu₃r₃mχαβGδorGsχεπlyGpn₃ntχosβlβctχvβGqrχβαβlâ��nr₃δtsG
“β₃ctχonUG2018SGXWSGXY[cTXY]Y 13

674 lGrβvχβwGonGnβwGmβsostructurβαGcomposχtβGm₃tβrχ₃lseGP₃rtGtUGsyntπβsχsGoδGpolymβrTmβsoporousG
sχlχc₃Gn₃nocomposχtβUG2018SGZbSG[[XT[]d 20

673 ”χlχc₃Gn₃nop₃rtχclβGst₃−χlχtyGχnG−χoloεχc₃lGmβαχ₃GrβvχsχtβαUG2018SGcSGXc] 58

672 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGsπ₃lβGst₃−χlχzβrG−₃sβαGonGpolyβtπylβnβGεlycolGεr₃δtβαGn₃noTsχlχc₃G
composχtβGχnGw₃tβrT−₃sβαGαrχllχnεGδluχαsUG2018SGXaZSGZbXTZbb 51

671 ”yntπβsχsGoδGpolyβtπylβnβVnχckβlâ��c₃r−onGstχmulχTrβsponsχvβGm₃tβrχ₃lGunαβrGm₃εnβtχcGδχβlαG₃tGroomG
tβmpβr₃turβeGpδδβctGoδGtπβGδχllβrGonGtπβGpropβrtχβsUG2018SGddSGZbcTZcZ 8

670 xβcπ₃nχc₃lGpropβrtχβsGoδGβpoxyGcomposχtβsGwχtπGpl₃sm₃TmoαχδχβαGrχcβTπuskTαβrχvβαGn₃nosχlχc₃UG
2018SG]bSGWXlrWb 5

669 lnGzvβrvχβwGoδGxβt₃lGlcβtyl₃cβton₃tβseGoβvβlopχnεGlrβ₃sV“outβsGtoGyβwGx₃tβrχ₃lsG₃nαG
lpplχc₃tχonsGχnGzrε₃nχcG”yntπβsβsUG2018SGYYSGZXTaY 27

668 xβcπ₃nχc₃lGpropβrtχβsGoδGl₃ααβrTlχkβGpolysχlsβsquχox₃nβT−₃sβαGπ₃rαGco₃tχnεGδχlmsGcont₃χnχnεG
αχδδβrβntGorε₃nχcGδunctχon₃lGεroupsUG2018SGXYXSGXW]TXXX 18

667 ”tructurβG₃nαGpropβrtχβsGoδGn₃nocomposχtβsG−₃sβαGonGpolyO₃rylβnβGβtπβrGkβtonβsPG₃nαG
mβt₃l₃lkoxysχlox₃nβsUG2018SGabSGYZWTYZb 4
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666 pδδβctsGoδG₃morpπousGsχlχc₃Gn₃nop₃rtχclβsG₃nαGpolymβrG−lβnαGcomposχtχonsGonGtπβGstructur₃lSG
tπβrm₃lG₃nαGαχβlβctrχcGpropβrtχβsGoδGPpzâ��PxxlG−lβnαG−₃sβαGpolymβrGn₃nocomposχtβsUG2018SGY]SGX 16

665 q₃cχlβGprβp₃r₃tχonGoδGtπβrmorβsponsχvβGδluorβscβntGsχlχc₃Gn₃nop₃prtχclβsG−₃sβαGcomposχtβsG
tπrouεπGtπβGoxyεβnGtolβr₃ncβGlχεπtTχnαucβαG“lq–Gpolymβrχz₃tχonUG2018SGY]dSGXbdTXc] 12

664 PolymβrV”χzYGn₃nocomposχtβseGProαuctχonG₃nαG₃pplχc₃tχonsUG2018SGdbSG[WdT[[b 100

663 Prβp₃r₃tχonGoδG₃GmχcronTsχzβGsχlχc₃TrβχnδorcβαGpolymβrGmχcrospπβrβG₃nαGβv₃lu₃tχonGoδGχtsGpropβrtχβsG
₃sG₃GpluεεχnεG₃εβntUG2018SG][bSGcTXc 23

662
nontrollβαGpβrδluorχn₃tχonGoδGpolyOYSZS[S]SaTpβnt₃δluorostyrβnβPGOPPq”PG₃nαGPPq”Tδunctχon₃lχzβαG
δumβαGsχlχc₃G−yGtπχolTp₃r₃TδluoroGcouplχnεeG–ow₃rαsGtπβGαβsχεnGoδGsβlδTclβ₃nχnεGOn₃noPcomposχtβG
δχlmsUG2018SGXWYSGXYWTXYd

12

661 tmprovβαGpβrδorm₃ncβGoδGtπβGrβcπ₃rεβ₃−lβGπy−rχαG₃quβousG−₃ttβryG₃tGnβ₃rGδullGst₃tβToδTcπ₃rεβUG
2018SGYbXSG[cXT[cd 4

660 ”yntπβsχsGoδGr₃sp−βrryTlχkβGpolymβrV”χzGπy−rχαGcolloχα₃lGspπβrβsGεr₃δtβαG−yG−lockTcopolymβrG
polyOxPnT−TxP”PGδorGunαβrw₃tβrGsupβrolβopπo−χcG₃ntχT−χoδoulχnεGco₃tχnεsUG2018SG]YYSGYWTYc 28

659 l−l₃tχonG₃nαGβrosχonGcπ₃r₃ctβrχstχcsGoδGpPoxGcomposχtβsGunαβrG”“xGopβr₃tχnεGconαχtχonsUG2018SG
XWdSGZdYT[WX 17

658 x₃εnβtχcG₃nαGsβ₃tG“βsχst₃ntGPolyOχmχαβTβtπβrPGy₃nocomposχtβsGoβrχvβαGδromGxβtπylG“χcπG
dsTx₃ntπβnβeG”yntπβsχsG₃nαGnπ₃r₃ctβrχz₃tχonUG2018SGZaSGcYYTcZ[ 10

657 lGnovβlGsχlχc₃T−₃sβαGnuclβ₃tχnεG₃εβntGδorGpolypropylβnβeGPrβp₃r₃tχonSGcπ₃r₃ctβrχz₃tχonSG₃nαG
₃pplχc₃tχonUG2018SGY[SG]cTab 5

656 xultχsc₃lβGxolβcul₃rG”χmul₃tχonsGoδGPolymβrTx₃trχxGy₃nocomposχtβseGorGWπ₃tGxolβcul₃rG
”χmul₃tχonsGs₃vβG–₃uεπtGusGl−outGtπβGq₃scχn₃tχnεGy₃noworlαUG2018SGY]SG]dXTa[] 33

655 xχxβαGm₃trχxGmβm−r₃nβsG−₃sβαGonGsχlχc₃Gn₃nop₃rtχclβsG₃nαGmχcrocβllul₃rGpolymβrsGδorGnzYVns[G
sβp₃r₃tχonUG2018SG][SGZWdTZZX 19

654 pδδβctGoδGp₃rtχclβâ��p₃rtχclβG₃nαGpolymβrâ��p₃rtχclβGχntβr₃ctχonsGonGn₃nosχlχc₃G₃εεrβε₃tχonGχnG
polystyrβnβUG2018SGZdSGYdW[TYdX[ 7

653 tonχcGlχquχαT−₃sβαGorε₃nχcâ��χnorε₃nχcGπy−rχαGβlβctrolytβseGtmp₃ctGoδGχnGsχtuGo−t₃χnβαG₃nαGαχspβrsβαG
sχlχc₃UG2018SG]aSGYWbTYXc 10

652 mχoTG₃nαGy₃nosor−βntsGδromGy₃tur₃lG“βsourcβsUG2018SG

651 xβcπ₃nχc₃lG−βπ₃vχorGoδG−χopolymβrGcomposχtβGco₃tχnεsGonGpl₃stχcGδχlmsG−yGαβptπTsβnsχnεG
χnαβnt₃tχonGTGlGn₃nosc₃lβGstuαyUG2018SG]XYSGaZcTa[a 9

650 xβsoporousGsχlχc₃Gwr₃ppβαGwχtπGεr₃pπβnβGoxχαβTconαuctχnεGPlytGn₃nowχrβsG₃sG₃GnovβlGπy−rχαG
βlβctroαβGδorGsupβrc₃p₃cχtorUG2018SGXXZSGYYWTYYc 36

649 y₃nostructurβαGconαuctχnεGpoly₃nχlχnβGOy”PlytPVnβzYGn₃nocomposχtβsGδorGπumχαχtyGsβnsorsG
₃pplχc₃tχonUG2018SGYdSGZb[TZcX 11
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648 pδδβctGoδGlo₃αχnεGcπβmχc₃llyG₃nαGmβcπ₃nχc₃llyGprβTtrβ₃tβαGδumβαGsχlχc₃G₃sGδχllβrGonG₃nGβtcπGMGrχnsβG
moαβlGαβnt₃lG₃απβsχvβUG2018SGZYSG]YbT][X 3

647 pδδβctGoδGnβsχumGllumχn₃tβGy₃noδχllβrGonGzptχc₃lGPropβrtχβsGoδGPolyvχnylGPyrrolχαonβG
y₃nocomposχtβGqχlmsUG2018SG]bSGXXccTXXda 11

646 pδδβctGoδGδχllβrGcontβntGonGtπβGstructurβTpropβrtyG−βπ₃vχorGoδGpolyOβtπylβnβGoxχαβPG−₃sβαG
polyurβtπ₃nβurβ₃Tsχlχc₃Gn₃nocomposχtβsUG2018SG]cSGXWdbTXXWb 13

645 “βvβrsβG₃tomGtr₃nsδβrGr₃αχc₃lGr₃nαomGcopolymβrχz₃tχonGoδGstyrβnβG₃nαGmβtπylGmβtπ₃cryl₃tβGχnGtπβG
prβsβncβGoδGαχ₃tomχtβGn₃nopl₃tβlβtsUG2018SGYdSG[Y[T[ZY 9

644 tmprovχnεGmβcπ₃nχc₃lSGtπβrm₃lSG₃nαGβlβctrχc₃lGpropβrtχβsGoδGpolyχmχαβG−yGχncorpor₃tχnεG
vχnyltrχβtπoxysχl₃nβGδunctχon₃lχzβαGεr₃pπβnβGoxχαβUG2018SGZdSGpXaZ]TpXa[Y 9

643 syαropπo−χcG”olχαGlcχαsG₃nαG–πβχrGn₃t₃lytχcGlpplχc₃tχonsGχnGrrββnG₃nαG”ust₃χn₃−lβGnπβmχstryUG2018SG
cSGZbYTZdX 138

642 –βlβcπβlχcGpolymβrsGδromGrβvβrsχ−lβTαβ₃ctχv₃tχonGr₃αχc₃lGpolymβrχz₃tχonGδorG−χomβαχc₃lG
₃pplχc₃tχonsUG2018SG][SGYYcTY[W 23

641 –πβrmoTmβcπ₃nχc₃lG−βπ₃vχorGoδGpolyO−utylβnβGtβrβpπtπ₃l₃tβPVsχlχc₃Gn₃nocomposχtβsUG2018SGXZ]SG[aWWa 9

640 y₃noToptχc₃lGmχosβnsorsGδorGlssβssmβntGoδGqooαGnont₃mχn₃ntsUG2018SGXTYZ 3

639 tnδluβncβGoδG”χlχc₃G”χzβGonGPropβrtχβsGoδGPoly[OmutylβnβG”uccχn₃tβPTnoTlαχp₃tβÜVmutylTptπβrχδχβαG
sχεπTlmylosβG”t₃rcπGmlβnαGnomposχtβsUG2018SGbWSGXbWWXcX

638 sχεπTstrβnεtπG−oβπmχtβT₃cryl₃tβGcomposχtβsGδorGZoGprχntχnεeG“βχnδorcβαGδχllβrTm₃trχxGχntβr₃ctχonsUG
2018SGX][SGXW[TXWd 27

637 nπ₃r₃ctβrχstχcsG₃nαGδorm₃tχonGmβcπ₃nχsmGoδGcomp₃ctVporousGstructurβsGχnGcπ₃rGl₃yβrsGoδGpPoxG
χnsul₃tχonGm₃tβrχ₃lsUG2018SGXYbSG[dcT]Wd 37

636 PolyOtβtr₃mβtπylβnβGoxχαβPTco₃tβαGsχlχc₃Gn₃nop₃rtχclβsGχncorpor₃tβαGχntoG
polyO[S[jToxyαχpπβnylβnβTpyromβllχtχmχαβPGm₃trχxUG2018SGZZSGXWdZTXWdd 5

635 ”χlχconβG“u−−βrGy₃nocomposχtβsGδχllβαGwχtπG”χlχconβGyχtrχαβG₃nαG”χlχconβGoχoxχαβGy₃noδχllβrseG
nomp₃rχsonGoδGplβctrχc₃lG–rββχnεG₃nαGP₃rtχ₃lGoχscπ₃rεβGnπ₃r₃ctβrχstχcsUG2018SG

634 UG2018SG 7

633 q₃−rχc₃tχnεGxzqVPolymβrGnomposχtβsGvχ₃GqrββzβGn₃stχnεGδorGW₃tβrG“βmβαχ₃tχonUG2018SGXSGZ]ZTZaZ 8

632 ”yntπβsχsG₃nαGr₃sG–r₃nsportGPropβrtχβsGoδGPolyOYSaTαχmβtπylTXS[TpπβnylβnβGoxχαβPj”χlχc₃G
y₃nocomposχtβGxβm−r₃nβsUG2018SGcSG 0

631 UG2018SG
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630 oχrβctG”yntπβsχsGoδGxonoαχspβrsβGsollowGxolβcul₃rlyGtmprχntβαGPolymβrsGm₃sβαGonG
—nδunctχon₃lχzβαG”χzYGδorGtπβG“βcoεnχtχonGoδGmχspπβnolGlUG2018SGZXSGYYdTYZb 2

629 XUGtntroαuctχonUG2018SGXTYa

628 pδδβctsGoδG”χlχc₃Gy₃nop₃rtχclβsG₃nαG”χlχc₃T²χrconχ₃Gy₃noclustβrsGonG–rχ−oloεχc₃lGPropβrtχβsGoδGoβnt₃lG
“βsχnGnomposχtβsUG2018SGYWXcSGXTXW 7

627 “₃rβTβ₃rtπGcoorαχn₃tχonGpolymβrGmχcroVn₃nom₃tβrχ₃lseGPrβp₃r₃tχonSGpropβrtχβsG₃nαG₃pplχc₃tχonsUG
2018SGXYSGZYbTZ[b 15

626 Pβculχ₃rχtχβsGoδG”yntπβsχsG₃nαGPropβrtχβsGoδGwχεnχnj”χlχc₃Gy₃nocomposχtβsGPrβp₃rβαG−yG”olTrβlG
xβtπoαUG2018SGcSG 22

625 nomputβrG”χmul₃tχonGoδGlspπ₃ltβnβsUG2018SG]cSGdcZTXWW[ 8

624 ”yntπβsχsG₃nαGplβctrorβsponsβGlctχvχtyGoδGPorousGPolypyrrolβV”χlχc₃T–χt₃nχ₃GnorβV”πβllG
y₃nop₃rtχclβsUG2018SGZ[SGX]bbZTX]bcY 11

623 “₃αχop₃quβGqullyGoβεr₃α₃−lβGy₃nocomposχtβsGδorGnoron₃ryG”tβntsUG2018SGcSGXb[Wd 12

622 W₃tβr−ornβGlcryl₃tβTm₃sβαGsy−rχαGno₃tχnεsGwχtπGpnπ₃ncβαG“βsχst₃ncβGPropβrtχβsGonG”tonβG
”urδ₃cβsUG2018SGcSGYcZ 13

621 xβcπ₃nχc₃lSGtπβrm₃lSG₃nαGw₃tβrGv₃porG−₃rrχβrGpropβrtχβsGoδGrβεβnβr₃tβαGcβllulosβVn₃noT”χzYG
composχtβGδχlmsUG2018SGY]SGbX]ZTbXa] 20

620 P₃rtχclβGoχspβrsχonGχnG”χlχc₃TPolyOvχnylG₃lcoπolPGno₃tχnεseG“olβGoδGP₃rtχclβTPolymβrGtntβr₃ctχonUG2018SG
XZSG 2

619 ”yntπβsχsGoδGpolystyrβnβksχlχc₃korε₃nosχlχc₃Gπχβr₃rcπχc₃lGπy−rχαGp₃rtχclβsGtπrouεπGsββαβαG
βmulsχonGpolymβrχz₃tχonUG2018SGXWcSG]dXT]da 3

618 nov₃lβntGπy−rχαGoδGεr₃pπβnβG₃nαGsχlχconGαχoxχαβG₃nαGrβχnδorcχnεGβδδβctGχnGru−−βrGcomposχtβsUG2018SG
Y]SGX 7

617 –₃χlorχnεGy₃nocβllulosβTnβllulosβG–rχ₃cβt₃tβGtntβrδ₃cβsG−yG ₃ryχnεGtπβG”urδ₃cβGrr₃δtχnεGoβnsχtyGoδG
PolyOβtπylβnβGεlycolPUG2018SGZSGXXccZTXXccd 10

616 n₃t₃lystGαrχvβnGprβδβrβntχ₃lGεrowtπGoδGχnTsχtuGεβnβr₃tβαGn₃nosχlχc₃Gp₃rtχclβsGχnGtπβGpπ₃sβsGoδG
χncomp₃tχ−lβGpolymβrG−lβnαG₃nαGχtsGβδδβctGonGpπysχcoTmβcπ₃nχc₃lGpropβrtχβsUG2018SGX]aSGXcaTYWY 3

615 ”yntπβsχsG₃nαGstructurβGcπ₃r₃ctβrχz₃tχonGoδGpolymβrχcGn₃noporousGmχcrospπβrβsGwχtπGlχεnχnUG2018SG
Y]SG]c[ZT]caY 17

614 tmprovβαGlpplχβαG’u₃lχtyGoδGq₃stTrrowχnεGPopl₃rGoβrχvβαG−yGχnTsχtuGqorm₃tχonGoδGtt₃conχcG
lcχαT”χlχc₃G”olGsy−rχαGPolymβrGwχtπχnGWooαGsχβr₃rcπχc₃lGnβllG”tructurβUG2018SGXZSG

613 tnG”χtuG”yntπβsχsGoδGsy−rχαGtnorε₃nχcjPolymβrGy₃nocomposχtβsUG2018SGXWSG 48
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612 mχo₃ctχvβGβδδβctsGoδGsχlχc₃Gn₃nop₃rtχclβsGonG−onβGcβllsG₃rβGsχzβSGsurδ₃cβSG₃nαGcomposχtχonGαβpβnαβntUG
2018SGcYSGXc[TXda 25

611 Prβp₃r₃tχonGoδGoχmplβαGPolystyrβnβT”χlχc₃Gnolloχα₃lGy₃nocomposχtβGP₃rtχclβsUG2018SGZ[SGX[ZWYTX[ZWc 8

610 ”yntπβsχsG₃nαGpxpβrχmβnt₃lGtnvβstχε₃tχonGoδGyovβlGny–TPolymβrGy₃nocomposχtβGtoGpnπ₃ncβG
morβπolβG”t₃−χlχtyG₃tGsχεπG–βmpβr₃turβGorχllχnεGlpplχc₃tχonsUG2018SG 10

609 ProcβssχnεGy₃nocomposχtβsGm₃sβαGonGpnεχnββrχnεGPolymβrseGPoly₃mχαβsG₃nαGPolyχmχαβsUG2018SGYbTbZ

608 q₃−rχc₃tχonGoδGn₃r−on₃cβousGy₃notu−βsG₃nαGxβsoporousGy₃noδχ−βrsG₃sG”t₃−lβGlnoαβGx₃tβrχ₃lsGδorG
wχtπχumTtonGm₃ttβryUG2018SGXSG]]ZaT]][Y 3

607 PolypropylβnβGn₃nocomposχtβsGwχtπGβlβctrχc₃lG₃nαGm₃εnβtχcGpropβrtχβsUG2018SGXZ]SG[acYW 5

606 oβsχεnGoδGn₃nostructurβαGπy−rχαGm₃tβrχ₃lseGtwχnGpolymβrχz₃tχonGoδGurβtπ₃nβT−₃sβαGtwχnG
prβpolymβrsUUG2018SGcSGZXabZTZXacX

605 tnGsχtuGprβp₃rβαGpolyOowTl₃ctχcG₃cχαPVsχlχc₃Gn₃nocomposχtβseG”tuαyGoδGmolβcul₃rGcomposχtχonSG
tπβrm₃lGst₃−χlχtySGεl₃ssGtr₃nsχtχonG₃nαGmolβcul₃rGαyn₃mχcsUG2018SGaadSGXaTYd 16

604 tonχcGPxxlVn₃nosχlχc₃Gχntβrδ₃cβsGδromGεr₃δtχnεGχonχcGlχquχαsGunαβrGsupβrcrχtχc₃lGnzYGconαχtχonsUG
2018SGXWdSGcYTdY 4

603 pδδβctsGoδGsχlχc₃GcomposχtχonGonGε₃sGpβrmβ₃−χlχtyGoδGpy“VP nGmβm−r₃nβUG2018SGdSGaZY 1

602 “βcβntG₃αv₃ncβsG₃nαGprospβctsGχnGpolymβrχcGn₃noδluχαsG₃pplχc₃tχonGδorGβnπ₃ncβαGoχlGrβcovβryUG2018
SGaaSGXTXd 78

601 ”ynβrεχstχcGβδδβctGoδGεr₃pπβnβG₃nαGsχlχconGαχoxχαβGπy−rχαsGtπrouεπGπyαroεβnG−onαχnεGsβlδT₃ssβm−lyG
χnGβl₃stomβrGcomposχtβsUUG2018SGcSGXbcXZTXbcY] 18

600 tmprovβmβntGoδGtπβGsβ₃tG“βsχst₃ncβGoδGPrussχ₃nGmluβGy₃nop₃rtχclβsGχnG₃Gnl₃yGqχlmGnomposβαGoδG
”mβctχtβGnl₃yG₃nαG˛µTn₃prol₃ct₃mUG2018SG]bSGaYX[TaYXb 2

599 ”pβct₃cul₃rG”βlβctχvχtyGχnGtπβGn₃pturβGoδGxβtπylGzr₃nεβG−yGnomposχtβGlnχonGpxcπ₃nεβrsGwχtπGtπβG
zrε₃nχcGP₃rtGsostβαG−yGolt”zrpwGxχcrospπβrβsUG2018SGXWSGYW[ddTYW]XX 43

598 lmχnoTδunctχon₃lχzβαGsχlχc₃G₃ncπorβαGtoGmultχw₃llGc₃r−onGn₃notu−βsG₃sGπy−rχαGβlβctroαβGm₃tβrχ₃lG
δorGsupβrc₃p₃cχtorsUG2018SGXSGbWTba 11

597 xultχδunctχon₃lGcorβâ��sπβllGpolymβrχcG₃nαGπy−rχαGn₃nop₃rtχclβsG₃sG₃ntχc₃ncβrGn₃nomβαχcχnβsUG2018SGXWdTXaW 3

596 xβcπ₃nχsmGεovβrnχnεGn₃nop₃rtχclβGδlowG−βπ₃vχourGχnGporousGmβαχ₃eGχnsχεπtGδorGβnπ₃ncβαGoχlG
rβcovβryG₃pplχc₃tχonsUG2018SGcSG[dTbb 55

595 q₃−rχc₃tχonG₃nαGstuαyGoδGsupβrδχcχ₃llyGporousGcorβTsπβllG”χzYk”χzYGmχcrospπβrβsUG2018SG]ZWSG[]T]W 1

(2018-2018)

69



594 n₃r−onGn₃notu−βT−₃sβαGn₃nocomposχtβsGδorGwχnαGtur−χnβG₃pplχc₃tχonsUG2018SGaZ]TaaX 1

593 PolyvχnylG₃lcoπolGtπχnGδχlmGrβχnδorcβαG−yGεrββnGsyntπβsχzβαGzχrconχ₃Gn₃nop₃rtχclβsUG2018SG[[SGXdZbbTXdZcY 12

592 pδδχcχβntGεr₃δtχnεGoδGpolypropylβnβGontoGsχlχc₃Gn₃nop₃rtχclβsG₃nαGtπβGpropβrtχβsGoδGPPVPPTεT”χzYG
n₃nocomposχtβsUG2018SGX]XSGY[YTY[d 21

591 xχcrospπβrβTqχ−βrGtntβrpβnβtr₃tβαG”upβrπyαropπo−χcGP oqGxχcroporousGxβm−r₃nβsGwχtπG
tmprovβαGW₃tβrprooδG₃nαGmrβ₃tπ₃−lβGPβrδorm₃ncβUG2018SGXWSGYcYXWTYcYXc 48

590 tntβr₃ctχonsG₃tGtπβG”χlχc₃TPβptχαβGtntβrδ₃cβeGtnδluβncβGoδGtπβGpxtβntGoδGqunctχon₃lχz₃tχonGonGtπβG
nonδorm₃tχon₃lGpnsβm−lβUG2018SGZ[SGcY]]TcYaZ 15

589
”tructurβâ��propβrtyGrβl₃tχonsπχpsGoδGpolypropylβnβT−₃sβαGn₃nocomposχtβsGo−t₃χnβαG−yGαχspβrsχnεG
mβsoporousGsχlχc₃GχntoGπyαroxylTδunctχon₃lχzβαGpolypropylβnβUGP₃rtGYeGx₃trχxâ��δχllβrGχntβr₃ctχonsG₃nαG
porβGδχllχnεGoδGmβsoporousGsχlχc₃Gcπ₃r₃ctβrχzβαG−yGβvolvβαGε₃sG₃n₃lysχsUG2018SG]WSGXWabTXWbb

9

588 “βcβntG₃αv₃ncβsG₃nαGpβrspβctχvβsGonGst₃rcπGn₃nocomposχtβsGδorGp₃ck₃εχnεG₃pplχc₃tχonsUG2018SG]ZSGX]ZXdTX]ZZd27

587 r₃sG–r₃nsportG–πrouεπ´ PolymβrGmχoTn₃nocomposχtβsUG2018SGaX]TaZY

586 “βvχβwGoδGn₃nom₃tβrχ₃lsT₃ssχstβαGχonGβxcπ₃nεβGmβm−r₃nβsGδorGβlβctromβm−r₃nβGαβs₃lχn₃tχonUG
2018SGXSG 53

585 zptχc₃lGtr₃nsp₃rβncyG₃nαGmβcπ₃nχc₃lGpropβrtχβsGoδGsβmχTrβδχnβαGχot₃Gc₃rr₃εββn₃nGδχlmGrβχnδorcβαG
wχtπG”χzYG₃sGδooαGp₃ck₃εχnεGm₃tβrχ₃lUG2018SG 12

584 lGyβwGPorousGsy−rχαGx₃tβrχ₃lGoβrχvβαGqromG”χlχc₃GqumβG₃nαGllεχn₃tβGδorG”ust₃χn₃−lβGPollut₃ntsG
“βαuctχonUG2018SGaSGaW 24

583 znβTPotGpnzym₃tχcGProαuctχonGoδGwχεnχnTnomposχtβsUG2018SGaSGXY[ 7

582 “z”GrβsponsχvβGrβsvβr₃trolGαβlχvβryGδromGwow“GpβptχαβGconjuε₃tβαGPwlTco₃tβαGmβsoporousGsχlχc₃G
n₃nop₃rtχclβsG₃crossGtπβG−looαT−r₃χnG−₃rrχβrUG2018SGXaSGXZ 58

581 Polyurβtπ₃nβVpolypπβnylsχlsβquχlox₃nβGn₃nocomposχtβeGqromGw₃tβr−ornβGαχspβrsχonsGtoGco₃tχnεG
δχlmsUG2018SGXYYSGXdTYd 14

580 ”χlχcχumTm₃sβαGy₃nocomposχtβGx₃tβrχ₃lsGδorGqooαGP₃ck₃εχnεGlpplχc₃tχonsUG2018SGXb]TYWb 1

579 pδδβctGoδGn₃noTsχlχc₃GδχllβrGonGmχcrostructurβG₃nαGmβcπ₃nχc₃lGpropβrtχβsGoδG
polyαχmβtπylsχlox₃nβT−₃sβαGn₃nocomposχtβsGprβp₃rβαG−yGâ��χnπχ−χtχonTεr₃δtχnεâ��GmβtπoαUG2018SGXabSGZ]]TZaZ 23

578 qβmtosβconαGl₃sβrGmχcroprχntχnεGoδG₃GpolymβrGδχ−βrGmr₃εεGεr₃tχnεGδorGπχεπTsβnsχtχvχtyGtβmpβr₃turβG
mβ₃surβmβntsUG2018SG[ZSGZ[WdTZ[XY 16

577 pxplorχnεGq₃ctorsGδorGtπβGoβsχεnGoδGy₃nop₃rtχclβsG₃sGoruεGoβlχvβryG βctorsUG2018SGXdSGYcXWTYcYc 7
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576 lαv₃ncβαGδ₃−rχc₃tχonG₃nαGpropβrtχβsGoδGπy−rχαGpolyβtπylβnβGtβtr₃pπ₃l₃tβGδχ−βrâ��sχlχc₃G₃βroεβlsGδromG
pl₃stχcG−ottlβGw₃stβUG2018SG]]aSGZbT[Y 12

575 lGnovβlGporβTδrββGstr₃tβεyGvχ₃Gχntβrδ₃cχ₃lGβδδβctsGχnGn₃nocomposχtβsGtoGproαucβGpolyβtπylβnβGwχtπG
ultr₃TlowGαχβlβctrχcGconst₃ntsUG2018SGYZYSGcaTdX 5

574 pδδβctGoδGmβtπ₃cryloxypropylG₃nαGpπβnylGδunctχon₃lGεroupsGonGcrosslχnkχnεG₃nαGrπβoloεχc₃lG₃nαG
mβcπ₃nχc₃lGpropβrtχβsGoδGl₃ααβrTlχkβGpolysχlsβsquχox₃nβGπ₃rαGco₃tχnεsUG2018SGXY[SGXYdTXZa 8

573 nontroll₃−lβG”yntπβsχsGoδGxonol₃yβrGPolyO₃crylχcG₃cχαPGonGtπβGnπ₃nnβlG”urδ₃cβGoδGxβsoporousG
llumχn₃GδorGP−OttPGlαsorptχonUG2018SGZ[SGbc]dTbcac 71

572 pδδβctχvβGχntβr₃ctχonG−βtwββnGn₃nop₃rtχclβsGmβαχ₃tβαG−yG₃GsymmβtrχcGpolymβrG−lβnαUG2018SGdbSGWaY]WX 3

571 oχ₃zonχumTmoαχδχβαGzβolχtβGδχllβrsUGpδδβctGoδGαχ₃zonχumGsu−stχtuβntGposχtχonGonGtπβGδχllβrGsurδ₃cβG
moαχδχc₃tχonG₃nαGtπβGmβcπ₃nχc₃lGpropβrtχβsGoδGpπβnolχcVzβolχtβGcomposχtβsUG2018SGc]SGX]bTXa[ 15

570 n₃tχonχcGpoly₃cryl₃mχαβGχnαucβαGn₃nop₃rtχclβsG₃ssβm−lyGχnG₃GcβllulosβGn₃noδχ−βrGnβtworkUG2018SG
]YdSGXcWTXca 8

569 norrβl₃tχonG−βtwββnGprocβssG₃nαGsχlχc₃GαχspβrsχonVαχstrχ−utχonGχntoGcomposχtβeGtmp₃ctGonG
mβcπ₃nχc₃lGpropβrtχβsG₃nαGWβχ−ullGst₃tχstχc₃lG₃n₃lysχsUG2018SGbWSGdYTXWX 8

568 q₃cχlβGnzYG”βp₃r₃tχonGχnGnomposχtβGxβm−r₃nβsUG2019SG[YSGZWT[[ 33

567 ”χl₃nχz₃tχonGoδG”χlχc₃Gy₃nop₃rtχclβsG₃nαG–πβχrGProcβssχnεG₃sGy₃nostructurβαGxχcroT“₃sp−βrryG
Powαβrsâ��lG“outβGtoGnontrolGtπβGxβcπ₃nχc₃lGPropβrtχβsGoδGtsoprβnβG“u−−βrGnomposχtβsUG2019SG[WSGpbZY 6

566 pxtrβmβGβnπ₃ncβmβntGoδGtπβGnonlχnβ₃rGβl₃stχcGrβsponsβGoδGβl₃stomβrGn₃nop₃rtχcul₃tβGcomposχtβsG
vχ₃Gχntβrpπ₃sβsUG2019SGX]aSGXaaTXbZ 13

565 ”yntπβsχsG₃nαGpπotolumχnβscβncβGpropβrtχβsGoδGsχlχc₃TmoαχδχβαG”χzklylT”χT–−k”χzSG
”χzklylT”χT–−Twk”χzGcorβTsπβllTsπβllGn₃nostructurβαGcomposχtβsUG2019SGaSGXdWXcY 2

564 lGrβvχβwGoδGpolymβrGn₃noπy−rχαsGδorGoχlGrβcovβryUG2019SGYbYSGXWYWXc 37

563 yonδrββzβToryχnεGlppro₃cπGδorGlnχsotropχcGnomprβssχonT“βsχlχβntGtnorε₃nχcGlβroεβlsG−yGruχαβαG
”βlδTlssβm−lyG₃nαGnontrollβαGxχnβr₃lχz₃tχonGoδGm₃ctβrχ₃lGnβllulosβUG2019SGbSGX[]dXTX[aWW 8

562 —ltr₃TsβlβctχvβGδβrrχcGχonTcomplβxβαGmβm−r₃nβsGcomposβαGoδGw₃tβrT−₃sβαGzwχttβrχonχcGcom−G
copolymβrsUG2019SGbSGYWc[bTYWc]Z 1

561 oβtβrmχnχnεGwπ₃tGrβ₃llyGcountseGmoαβlχnεG₃nαGmβ₃surχnεGn₃nop₃rtχclβGnum−βrGconcβntr₃tχonsUG
2019SGaSGYcbaTYcda 21

560 ”urδ₃cβTxoαχδχβαGzxχαβGy₃nop₃rtχclβseG”yntπβsχsG₃nαGlpplχc₃tχonUG2019SGcdSGX[]XTX[ba 8

559 xultχstχmulχG“βsponsχvβGy₃nocomposχtβG–βctonsGδorGP₃tπw₃yGoβpβnαβntG”βlδTlssβm−lyG₃nαG
lccβlβr₃tχonGoδGnov₃lβntGmonαGqorm₃tχonUG2019SGX[XSGXZYZ[TXZY[Z 30
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558 Pπotocur₃−lβGPolyOβtπylβnβGεlycolPGoχ₃cryl₃tβG“βsχnsGwχtπG ₃rχ₃−lβG”χlχc₃Gy₃nop₃rtχclβGwo₃αχnεUG
2019SG]cSGX[bb]TX[bc[ 0

557 tonGconαuctχnεGpolymβrTsχlχc₃Gπy−rχαGχonoεβlsGo−t₃χnβαGvχ₃GnonT₃quβousGsolTεβlGroutβUG2019SGZ[WSGXX]WYb 10

556 tnδluβncβGoδGmβsoporousGαχ₃tomχtβGonG₃tomGtr₃nsδβrGr₃αχc₃lGr₃nαomGcopolymβrχz₃tχonGoδGstyrβnβG
₃nαGmβtπylGmβtπ₃cryl₃tβeGvχnβtχcsG₃nαGtπβrm₃lGstuαχβsUG2019SGWcdYbW]bXdc]ddZ 1

555 xolβcul₃rGαyn₃mχcsGβxplor₃tχonGδorGtπβG₃αsorptχonGoδG−βnzoχcG₃cχαGαβrχv₃tχvβsGonGcπ₃rεβαGsχlχc₃G
surδ₃cβsUG2019SG]bcSGXYZaZ] 6

554
q₃−rχc₃tχonSGnryst₃llχnβGmβπ₃vχorSGxβcπ₃nχc₃lGPropβrtyG₃nαGtnT χvoGoβεr₃α₃tχonGoδGPolyOlTl₃ctχαβPG
OPwwlPTx₃εnβsχumGzxχαβGWπχskβrsGOxεzPGy₃noGnomposχtβsGPrβp₃rβαG−yGtnT”χtuGPolymβrχz₃tχonUG
2019SGXXSG

5

553 tmprovβαGmβcπ₃nχc₃lGpropβrtχβsGoδGsχlχc₃GrβχnδorcβαGru−−βrGwχtπGn₃tur₃lGpolymβrUG2019SGbdSGXWaWWd 19

552 yonTqluorχn₃tβαGPolymβrGnomposχtβGProtonGpxcπ₃nεβGxβm−r₃nβsGδorGquβlGnβllGlpplχc₃tχonsGTGlG
“βvχβwUG2019SGYWSGYWXaTYW]Z 31

551 ”tuαyGonGw₃tβr−ornβG₃cryl₃tβGco₃tχnεsGmoαχδχβαGwχtπG−χom₃ssGsχlχconUG2019SGXZ]SGaWXTaWb 10

550 tmp₃ctGoδGP oqVPpzG−lβnαGcomposχtχonGonGtπβG˛†Tpπ₃sβGcryst₃llχz₃tχonG₃nαGαχβlβctrχcGpropβrtχβsGoδG
sχlχc₃Gn₃nop₃rtχclβsGχncorpor₃tβαGpolymβrGn₃nocomposχtβsUG2019SGYaSGX 20

549 ”urδ₃cβGβnβrεyGc₃lcul₃tχonGusχnεGs₃m₃kβrâ��sGconst₃ntGδorGpolymβrVsχl₃nβGπyαropπo−χcGtπχnGδχlmsUG
2019SGY]ZSG[WdT[XX 8

548 Prβp₃r₃tχonGoδGpolyurβtπ₃nβT₃cryl₃tβG₃nαGsχlχc₃Gn₃nop₃rtχclβGπy−rχαGcomposχtβsG−yG₃GδrββGr₃αχc₃lG
nβtworkGδorm₃tχonGmβtπoαUG2019SG[YSGX 13

547 q₃cχlβGprβp₃r₃tχonGoδGcβllulosβT”χzGcomposχtβG₃βroεβlsGwχtπGπχεπG”χzGcontβntsGusχnεG₃GwχmrG₃quβousG
solutχonUG2019SGYYYSGXX[db] 8

546 Prβp₃r₃tχonG₃nαGpropβrtχβsGoδGru−−βrGn₃nocomposχtβsG−₃sβαGonGy“Vym“G−lβnαGrβχnδorcβαGwχtπG
n₃nosχlχc₃G₃nαGc₃r−onG−l₃ckUG2019SG]bSGYXZTYXb 2

545 sβtβroεβnβouslyGnπβmoVpnzymβTqunctχon₃lχzβαGPorousGPolymβrχcGn₃t₃lystsGoδGsχεπTPβrδorm₃ncβG
δorGpδδχcχβntGmχoαχβsβlGProαuctχonUG2019SGdSGXWddWTXXWYd 46

544 PorousGnuGnoG”G”upr₃p₃rtχclβsGδorGtnG χvoG–βlomβr₃sβGtm₃εχnεG₃nαG“β₃ctχvβGzxyεβnG”pβcχβsG
rβnβr₃tχonUG2019SG]cSGXdWabTXdWbY 10

543 Polyβtπylβnβâ��”χlχc₃Gy₃nocomposχtβsGwχtπGtπβG”tructurβGoδG”βmχTtntβrpβnβtr₃tχnεGyβtworksUG2019SG
ZW[SGXdWW[ZW 1

542
lGδ₃cχlβGδ₃−rχc₃tχonGoδGpolypropylβnβGcomposχtβsGwχtπGβxcβllβntGlowTtβmpβr₃turβGtouεπnβssG
tπrouεπGtunχnεGχntβrδ₃cχ₃lG₃rβ₃G−βtwββnGm₃trχxG₃nαGru−−βrGαχspβrsχonG−yGsχlχc₃Gn₃nop₃rtχclβsG
loc₃tβαG₃tGtπβGχntβrδ₃cβUG2019SGXc[SGXWbc[a

9

541 ”yntπβsχsSGnπ₃r₃ctβrχz₃tχonSG₃nαGlpplχc₃tχonsGoδGPolymβrVrr₃pπβnβGzxχαβGnomposχtβGx₃tβrχ₃lsUG
2019SG][XT]bZ
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540 Prβp₃r₃tχonG₃nαGPβrδorm₃ncβGoδG”χlχc₃Vp”m“Gy₃nocomposχtβsGxoαχδχβαG−yGmχoTm₃sβαGoχ−utylG
tt₃con₃tβUG2019SGXXSG 3

539 ”upr₃molβcul₃rGWβ−G₃nαGlpplχc₃tχonGδorGnπχroptχc₃lGqunctχon₃lχz₃tχonGoδGPolymβrUG2019SGYdbTZZb 0

538 xoαβlχnεGβl₃stχcGpropβrtχβsGoδGpolystyrβnβGtπrouεπGco₃rsβTεr₃χnβαGmolβcul₃rGαyn₃mχcsGsχmul₃tχonsUG
2019SGbZSGX 3

537 Prβp₃r₃tχonGoδGlucχεβnχnTαopβαGsχlχc₃Gn₃nop₃rtχclβsG₃nαGtπβχrG₃pplχc₃tχonGχnGδχ−βrGoptχcGcπlorχαβGχonG
sβnsorUG2019SGdcSGXWd[ab 6

536 pδδβctGoδGsxo”TmoαχδχβαGsχlχc₃G₃βroεβlGn₃nop₃rtχclβsGonGl–“PGoδGstyrβnβG₃nαGmβtπylGmβtπ₃cryl₃tβeG
vχnβtχcsG₃nαGtπβrm₃lGstuαχβsUG2019SGWcdYbW]bXdccXab

535 ”πβ₃rTtnαucβαGxχcroscopχcG”tructurβGo₃m₃εβGχnGPolymβrGy₃nocomposχtβseGlGoyn₃mχcGoβnsχtyG
qunctχon₃lG–πβorβtχc₃lG”tuαyUG2019SGXYZSGYY]YdTYY]Zc 3

534 lcπχβvχnεG₃nGzptχm₃lG–εGnπ₃nεβG−yGplucχα₃tχnεGtπβGPolymβrâ��y₃nop₃rtχclβGtntβrδ₃cβeGlGxolβcul₃rG
oyn₃mχcsG”χmul₃tχonG”tuαyGoδGtπβGPolyOvχnylG₃lcoπolPâ��”χlχc₃Gy₃nocomposχtβG”ystβmUG2019SGXYZSGYZdd]TY[WWa 12

533 yovβlG₃nαGεrββnGn₃nocomposχtβT−₃sβαG₃αsor−βntsGδromGδunctχon₃lχsβαGmβsoporousGvnnTXG₃nαG
cπχtos₃nTolβχcG₃cχαGδorG₃αsorptχonGoδGP−OttPUG2019SGXXdSG[WWT[Wd 50

532
zrε₃nomβt₃lTc₃t₃lyzβαGsyntπβsχsGoδGπχεπGmolβcul₃rGwβχεπtGpolyTOwTl₃ctχcG₃cχαPGwχtπG₃Gcov₃lβntlyG
₃tt₃cπβαGχmχα₃zolχumGs₃lteGpβrδorm₃ncβTβnπ₃ncβαGrβαucβαGεr₃pπβnβGoxχαβâ��PwwlG−χom₃tβrχ₃lsUG
2019SG[ZSGXaZabTXaZbZ

3

531 y₃nocomposχtβGPolyχmχαβGx₃tβrχ₃lsUG2019SG 1

530 ”ynβrεχstχcGβδδβctGoδG₃GnovβlGcπχtos₃nVsχlχc₃Gn₃nocomposχtβsT−₃sβαGδormul₃tχonG₃ε₃χnstGεr₃yGmolαG
oδGt₃−lβGεr₃pβsG₃nαGχtsGpossχ−lβGmoαβGoδG₃ctχonUG2019SGX[XSGY[bTY]c 46

529 mχocomposχtβsGδromGnolom−χ₃nG”uε₃rc₃nβGm₃ε₃ssβGwχtπGPolypropylβnβeGxβcπ₃nχc₃lSG–πβrm₃lG₃nαG
 χscoβl₃stχcGPropβrtχβsUG2019SG 0

528 –πβrm₃lG−βπ₃vχorGoδGsχlχc₃G₃βroεβlVPxxlGcomposχtβGrβχnδorcβαG−yGnonTcov₃lβntGχntβr₃ctχonUG2019SG
cSG]]TaX 2

527 pδδβctGoδGtπβGn₃nop₃rtχclβsGχnGtπβGst₃−χlχtyGoδGπyαrolyzβαGpoly₃cryl₃mχαβVrβsorcχnolVδorm₃lαβπyαβG
εβlGsystβmsGδorGw₃tβrGsπutToδδVconδorm₃ncβGcontrolG₃pplχc₃tχonsUG2019SGXZaSG[b]ac 15

526 tntβrδ₃cχ₃lGχntβr₃ctχonsSGcryst₃llχz₃tχonG₃nαGmolβcul₃rGmo−χlχtyGχnGn₃nocomposχtβsGoδGPolyOl₃ctχcG₃cχαPG
δχllβαGwχtπGnβwGπy−rχαGχnclusχonsG−₃sβαGonGεr₃pπβnβGoxχαβG₃nαGsχlχc₃Gn₃nop₃rtχclβsUG2019SGXaaSGXTXY 49

525 PπospπotunεstχcG₃cχαGχmmo−χlχzβαGn₃noδχ−βrsTy₃δχonGcomposχtβGmβm−r₃nβGwχtπGlowGv₃n₃αχumG
pβrmβ₃−χlχtyG₃nαGπχεπGsβlβctχvχtyGδorGv₃n₃αχumGrβαoxGδlowG−₃ttβryUG2019SG][YSGXbbTXca 29

524 P—Gn₃nocomposχtβsGδromG−χδunctχon₃lGn₃nop₃rtχclβseGχmp₃ctGoδGlχquχαGχntβrpπ₃sβGonGmβcπ₃nχc₃lG
propβrtχβsUG2019SGXSGdbZTdbd 2

523 nπ₃r₃ctβrχz₃tχonGoδGy₃nosχlχc₃VwowToβnsχtyGPolyβtπylβnβGy₃nocomposχtβGx₃tβrχ₃lsUG2019SGYWXdSGXTc 4
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522 ”tuαχβsGonGtπβrm₃lGαβεr₃α₃tχonGkχnβtχcsG₃nαGαχβlβctrχcGpropβrtχβsGoδGpolyβtπβrGχmχαβG
δo₃mVn₃nosχlχc₃T−₃sβαGn₃nocomposχtβsUG2019SG[cSGZ]aTZaZ

521 lGπχεπlyGprotonTVv₃n₃αχumTsβlβctχvβGpβrδluorosulδonχcG₃cχαGmβm−r₃nβGδorGv₃n₃αχumGrβαoxGδlowG
−₃ttβrχβsUG2019SG[ZSGXXZb[TXXZcX 14

520 ProcβssχnεG₃nαGmχomβαχc₃lGlpplχc₃tχonsGoδGPolymβrVzrε₃noTmoαχδχβαGnl₃yGmχon₃nocomposχtβsUG
2019SG[W]T[Yc 1

519 PolymβrχcGr₃sp−βrryTlχkβGp₃rtχclβsGvχ₃Gtβmpl₃tβT₃ssχstβαGpolymβrχs₃tχonUG2019SGXWSGZbbYTZbbb 7

518 tnvβstχε₃tχonG₃nαGχmprovβmβntGoδGtπβGscorcπG−βπ₃vχorGoδGsχlχc₃TδχllβαGsolutχonGstyrβnβT−ut₃αχβnβG
ru−−βrGcompounαUG2019SGXZaSG[bdXc 8

517 zrε₃nχcTtnorε₃nχcGsy−rχαGx₃tβrχ₃lsG₃nαG–πβχrGlpplχc₃tχonsUG2019SGXXZ]TXX]a 5

516 –πβGtnδluβncβGoδGrr₃δtGwβnεtπG₃nαGoβnsχtyGonGoχspβrsχonSGnryst₃llχs₃tχonG₃nαG“πβoloεyGoδG
PolyO˛µTc₃prol₃ctonβPV”χlχc₃Gy₃nocomposχtβsUG2019SGY[SG 9

515 “βαβposχtχonG₃nαGαβnsχδχc₃tχonGoδGpyrolysχsGproαuctsGoδGpolymβrGcomposχtβsGχnGcπ₃rGl₃yβrUG2019SG
XaaSGYZcTY[b 12

514 oχrβctβαGPrχntχnεG₃nαG“βconδχεur₃tχonGoδG–πβrmorβsponsχvβG”χlχc₃TpytPlxGy₃nocomposχtβsUG2019SG
[WSGβXdWWXdX 4

513 nl₃ssχδχc₃tχonSG”yntπβsχsSG₃nαGlpplχc₃tχonGoδGwumχnβscβntG”χlχc₃Gy₃nop₃rtχclβseG₃G“βvχβwUG2019SGX[SGXdW 31

512
tsol₃tχnεGtπβGβδδβctGoδGpolymβrTεr₃δtβαGn₃nop₃rtχclβGχntβr₃ctχonsGwχtπGm₃trχxGpolymβrGδromG
αχspβrsχonGonGcomposχtβGpropβrtyGβnπ₃ncβmβnteG–πβGβx₃mplβGoδGpolypropylβnβVπ₃lloysχtβG
n₃nocomposχtβsUG2019SGXbaSGZcT]W

19

511 qrχctχonGqorcβGonGsyαroεβlGnont₃χnχnεGy₃nop₃rtχclβsUG2019SG[cSG]caT]cc

510 ”urδ₃cβGδunctχon₃lχz₃tχonGoδGβxtr₃ctβαGn₃nosχlχc₃GδromGrχcβGπuskGδorG₃uεmβntχnεGmβcπ₃nχc₃lG₃nαG
optχc₃lGpropβrtχβsGoδGsyntπβsχzβαGwoPpT”t₃rcπG−χoαβεr₃α₃−lβGδχlmUG2019SGbbSGXW]cbc 12

509 rβl₃tχonGoδGπyαroxyβtπylGcβllulosβG₃quβousGsolutχonGχnαucβαG−yG₃ααχtχonGoδGcolloχα₃lGsχlχc₃G
n₃nop₃rtχclβsUG2019SGXZ[SG][bT]]a 15

508 PolyβtπylβnβGcomposχtβsGδχllβαGwχtπGnT₃lkylTδunctχon₃lχzβαGsχlox₃nβTsχlsβsquχox₃nβGrβsχnsG₃nαG
solTεβlGsχlχc₃sUG2019SG[WSG[Z]XT[ZaX 2

507 “βcβntG”tuαχβsGonGqluorχn₃tβαG”χlχc₃Gy₃nomβtβrT”χzβαGP₃rtχclβsUG2019SGdSG 8

506 ”yntπβsχsGoδGyovβlG−χsT–rχ₃zolχnβαχonβGnrosslχnkβαGlmpπχpπχlχcGPolypβptOoPχαβGy₃nostructurβsUG
2019SGYYWSGXdWWWab 7

505 ltomχstχcGoβscrχptχonsGoδGtπβGcχsTXS[TPoly−ut₃αχβnβV”χlχc₃Gtntβrδ₃cβsUG2019SGXSGdadTdcX 14
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504 lpplχc₃tχonsGoδGsχlχc₃T−₃sβαGn₃nom₃tβrχ₃lsGχnGαβnt₃lG₃nαGskβlβt₃lG−χoloεyUG2019SGbbTXXY 4

503 rrββnGy₃notβcπnoloεyeGlαv₃ncβmβntGχnGPπytoδormul₃tχonG“βsβ₃rcπUG2019SGaSG 50

502 rβnβrχcGsyntπβsχsGoδGsm₃llTsχzβαGπollowGmβsoporousGorε₃nosχlχc₃Gn₃nop₃rtχclβsGδorG
oxyεβnTχnαβpβnαβntG®Tr₃yT₃ctχv₃tβαGsynβrεχstχcGtπβr₃pyUG2019SGXWSGXY[X 65

501 pnπ₃ncβmβntGoδG−χoc₃t₃lystG₃ctχvχtyG₃nαGprotβctχonG₃ε₃χnstGstrβssorsGusχnεG₃Gmχcro−χ₃lGβxoskβlβtonUG
2019SGdSGZX]c 9

500 Polyurβtπ₃nβV”χlox₃nβGsy−rχαGPolymβrsGwχtπGnπβmχlumχnβscβntGxβcπ₃nopπorβsG₃sG”trβssGPro−βsUG
2019SGZW[SGXdWWW]a 10

499
zptχmχz₃tχonGoδGrβ₃ctχonGp₃r₃mβtβrsG₃δδβctχnεGcryst₃lGpπ₃sβGεrowtπG₃nαGpurχtyGoδGm₃nβzZG₃nαG
m₃nβXTx±−xzZT˛·Gn₃nopowαβrsG₃nαGχnvβstχε₃tχnεGπχεπGprotonχcGconαuctχvχtyGoδGsulδon₃tβαG
polyOβtπβrGβtπβrGkβtonβPGâ��Gm₃nβWUc]±−WUX]zZT˛·GcomposχtβGmβm−r₃nβUG2019SGdbSG]]]T]ab

498 rr₃δtχnεGpolyχsoprβnβGontoGsurδ₃cβsGoδGn₃nosχlχc₃Gvχ₃G“lq–Gpolymβrχz₃tχonG₃nαGmoαχδχc₃tχonGoδG
n₃tur₃lGru−−βrUG2019SG]dSGXXabTXXb[ 3

497 lGvβrs₃tχlβGmβtπoαGδorGεr₃δtχnεGpolymβrsGontoGwχ[–χ]zXYGp₃rtχclβsG₃pplχc₃−lβGtoGlχtπχumTχonG
−₃ttβrχβsUG2019SG[YXSGXXaTXYZ 8

496 –πβrmoαyn₃mχcsG₃nαGmχopπysχcsGoδGmχomβαχc₃lGy₃nosystβmsUG2019SG 3

495 ”olTrβlG”yntπβsχsG₃nαGnπ₃r₃ctβrχz₃tχonGoδGsy−rχαGx₃tβrχ₃lsGδorGmχomβαχc₃lGlpplχc₃tχonsUG2019SG[[]T[b] 1

494 oχstχnεuχsπχnεGtπβGsourcβsGoδGsχlχc₃Gn₃nop₃rtχclβsG−yGαu₃lGχsotopχcGδχnεβrprχntχnεG₃nαGm₃cπχnβG
lβ₃rnχnεUG2019SGXWSGXaYW 17

493 sβ₃tGtr₃nsportG₃crossGpπ₃sβGχntβrδ₃cβGχnGsχlχc₃G₃βroεβlVpolymβtπylGmβtπ₃cryl₃tβGcomposχtβsUG2019SG
baSGZYaTZZY 2

492 tmχα₃zolβTsupportβαGsχlχc₃GonβTpotGprocβssβαGn₃nop₃rtχclβsGtoGβnπ₃ncβGtouεπnβssGoδGβpoxyG−₃sβαG
n₃nocomposχtβsUG2019SGYZXSGb]Tca 11

491 oou−lβGχnG”χtuGPrβp₃r₃tχonGoδG“₃sp−βrryTlχkβGPolymβrGP₃rtχclβsUG2019SGZ]SGaXaXTaXac 5

490 “olβGoδGpolyOβtπylβnβGεlycolPGεr₃δtβαGsχlχc₃Gn₃nop₃rtχclβGsπ₃pβGχnGtouεπβnβαGPwlTm₃trχxG
n₃nocomposχtβsUG2019SGXacSGZdcT[W] 26

489 ”urδ₃cβGδunctχon₃lχz₃tχonGoδGsχlχc₃Gn₃nop₃rtχclβsGtoGβnπ₃ncβG₃εχnεGrβsχst₃ncβGoδG₃spπ₃ltG−χnαβrUG2019
SGYXXSGXWa]TXWbY 51

488 “βtπχnkχnεGχntβrpπ₃sβGrβprβsβnt₃tχonsGδorGmoαβlχnεGvχscoβl₃stχcGpropβrtχβsGδorGpolymβrG
n₃nocomposχtβsUG2019SGaSGXWWYbb 6

487 zrε₃nχcV”χlχc₃Gy₃nocomposχtβGxβm−r₃nβsGlpplχc₃−lβGtoGrrββnGnπβmχstryUG2019SGaYdTa]Y 1
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486 ”yntπβsχsG₃nαGwumχnβscβncβGPropβrtχβsGoδGnorβT”πβllT”πβllGnomposχtβseG”χzâ��kPxolT”χT–−k”χzâ��G
₃nαG”χzâ��kPxolT”χT–−Tpπβnk”χzâ��UG2019SGdSG 7

485 sy−rχαGsuspβnsχonGoδGpolymβrG₃nαGn₃nop₃rtχclβsGδorGβnπ₃ncβαGoχlGrβcovβryUG2019SGbaSGaXdZTaYZW 24

484 tmp₃ctGoδGy₃nop₃rtχclβG”π₃pβSG”χzβSG₃nαGPropβrtχβsGoδGtπβG”ust₃χn₃−lβGy₃nocomposχtβsUG2019SGZXZTZZa 9

483 Poly−βnzχmχα₃zolβVm₃nβWUc]±WUX]zZT˛·Gn₃nocomposχtβsGwχtπGβnπ₃ncβαGprotonGconαuctχvχtyGδorG
πχεπTtβmpβr₃turβGPpxqnG₃pplχc₃tχonUG2019SGdbSG]YWT]Yc 2

482 pv₃lu₃tχonGoδGtπβGβδδβctGoδGπyαropπo−χc₃llyGmoαχδχβαGsχlχc₃G₃βroεβlGonGtπβGl“rp–Gl–“PGoδGstyrβnβG
₃nαG−utylG₃cryl₃tβUG2019SGYcWSGYZaTY[Y 4

481 mχoαβεr₃α₃−lβGpolyβstβrVmoαχδχβαGmβsoporousGsχlχc₃GcomposχtβsGδorGβδδβctχvβG−onβGrβp₃χrGwχtπG
sβlδTrβχnδorcβαGpropβrtχβsUG2019SGZWSGX[aXTX[bY 8

480 ”urδ₃cβG₃ctχv₃tβαGpolyβtπylβnβGsβp₃r₃torGpromotχnεGwχRGχonGtr₃nsportGχnGεβlGpolymβrGβlβctrolytβsG
₃nαGcyclχnεGst₃−χlχtyGoδGwχTmβt₃lG₃noαβUG2019SGZacSGZYXTZZW 35

479 nrβ₃tχonGoδGcomposχtβsGoδG−₃ctβrχ₃lGcβllulosβG₃nαGsχlvβrGn₃nop₃rtχclβseGβv₃lu₃tχonGoδG₃ntχmχcro−χ₃lG
₃ctχvχtyG₃nαGcytotoxχcχtyUG2019SGXaSG[Wc 4

478 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGcπχtos₃ne”χzYGn₃nocomposχtβG−yGultr₃sonχcGspr₃yGαryχnεUG2019SG
]]WSGWXYWZb 1

477 pδδβctGoδGsurδ₃cβGmoαχδχc₃tχonGoδGcolloχα₃lGsχlχc₃Gn₃nop₃rtχclβsGonGtπβGrχεχαG₃morpπousGδr₃ctχonG₃nαG
mβcπ₃nχc₃lGpropβrtχβsGoδG₃morpπousGpolyurβtπ₃nβâ��urβ₃â��sχlχc₃Gn₃nocomposχtβsUG2019SG]bSGY][ZTY]]a 5

476 XWUGwχtβr₃turβUG2019SGYWbTYX[

475 pδδβctGoδG”χlχc₃GlβroεβlGlααχtχvβGonGxβcπ₃nχc₃lGPropβrtχβsGoδGtπβG”uε₃rGP₃lmGqχ−βrT“βχnδorcβαG
PolyβstβrGnomposχtβsUG2019SGYWXdSGXT[ 10

474 –πβGxβm−r₃nβGtntβr₃ctχonsGoδGy₃noT”χlχc₃G₃nαGttsGPotβntχ₃lGlpplχc₃tχonGχnGlnχm₃lGyutrχtχonUG2019SGdSG 5

473 lGq₃cχlβG”yntπβsχsGoδGnorβT”πβllG”χzknuTwmx”Gy₃noTxχcrospπβrβsGδorGoruεG”ust₃χnβαG“βlβ₃sβG
”ystβmsUG2019SGXYSG 3

472 zptχmχz₃tχonGoδG₃Gπy−rχαGpl₃smonχcGconδχεur₃tχoneGp₃rtχclβGonG₃Gcorruε₃tβαGδχlmG₃nαGχtsG”p“”G
₃pplχc₃tχonUUG2019SGdSGZ]WXXTZ]WYX 2

471 tnnov₃tχvβGWooαG”urδ₃cβG–rβ₃tmβntsGm₃sβαGonGy₃notβcπnoloεyUG2019SGdSGcaa 41

470 plβctrospunGstyrβnβT−ut₃αχβnβGcopolymβrGδχ−βrsG₃sGpotβntχ₃lGrβχnδorcβmβntGχnGβpoxyGcomposχtβseG
xoαβlχnεGoδGrπβoloεχc₃lG₃nαGvχscoGβl₃stχcGα₃t₃UG2019SGXaWSGZc[TZdZ 12

469 oyn₃mχcGtβnsχlβG₃nαGsπβ₃rGstor₃εβGmoαulχGoδGPprVsχlχc₃TpolymorpπGcomposχtβsUG2019SGXZaSG[bZbY 8
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468 q₃−rχc₃tχonGoδGcrosslχnkβαGsχnεlβTcomponβntGpoly₃rylβnβGβtπβrGnχtrχlβGcomposχtβGwχtπGβnπ₃ncβαG
αχβlβctrχcGpropβrtχβsUG2019SGXaXSGXaYTXad 49

467 “βprocβss₃−lβGPolyπyαroxyurβtπ₃nβGyβtworkGnomposχtβseGpδδβctGoδGqχllβrG”urδ₃cβGqunctχon₃lχtyGonG
nrossTlχnkGoβnsχtyG“βcovβryG₃nαG”trβssG“βl₃x₃tχonUG2019SGXXSGYZdcTY[Wb 63

466 ”m₃rtGpπoto₃ctχvβGsoδtGm₃tβrχ₃lsGδorGβnvχronmβnt₃lGclβ₃nχnεG₃nαGβnβrεyGproαuctχonGtπrouεπG
χncorpor₃tχonGoδGn₃nopπotoc₃t₃lystGonGpolymβrsG₃nαGtβxtχlβsUG2019SGZWSGYZ]TY]Z 13

465 y₃noTαχspβrsχonGoδGδluorχn₃tβαGpπospπon₃tβTmoαχδχβαGn₃noαχ₃monαGχnGcryst₃llχnβGδluoropolymβrG
m₃trχxGtoG₃cπχβvβG₃Gtr₃nsp₃rβntGpolymβrVn₃noδχllβrGπy−rχαUG2019SG[WSGpc[Y 9

464 PolypropylβnβVc₃r−onGn₃notu−βGm₃εnβtχcGcomposχtβsGo−t₃χnβαGusχnεGc₃r−onGn₃notu−βsGδromG
s₃wαustUG2019SGZWSG[]bT[a[ 5

463 q₃cχlβGδ₃−rχc₃tχonGoδGmβcπ₃nχc₃llyTstronεG₃nαGδl₃mβGrβt₃rα₃ntG₃lεχn₃tβVcl₃yG₃βroεβlsUG2019SGXa[SGXcTY] 27

462 ppoxyTm₃sβαGy₃nocomposχtβsGδorGsχεπT olt₃εβGtnsul₃tχoneGlG“βvχβwUG2019SG]SGXcWW]W] 31

461 lεεrβε₃tχonG”t₃tβsGoδGPolyO[TmβtπylpβntβnβTXPG₃tG₃G”olχαGtntβrδ₃cβUG2019SG]XSGY[bTY]] 10

460 xoαχδχc₃tχonSGπy−rχαχz₃tχonG₃nαG₃pplχc₃tχonsGoδGs₃ponχtβeGlnGovβrvχβwUG2019SGXacSGXZaTX][ 26

459 ˇ�T”t₃ckχnεGtntβr₃ctχonsGoδGrr₃pπβnβTno₃tβαGno−₃ltGx₃εnβtχcGy₃nop₃rtχclβsGwχtπGPyrβnβT–₃εεβαG
oβnαrχtχcGPolyO χnylχαβnβGqluorχαβPUG2019SGc[SGbcTc[ 7

458 qunctχon₃lχz₃tχonGoδGπ₃lloysχtβGn₃notu−βGsurδ₃cβsGvχ₃GcontrollβαGlχvχnεGr₃αχc₃lGpolymβrχz₃tχoneG
cov₃lβntGχmmo−χlχz₃tχonGoδGpβnχcχllχnGδorG₃G−χo₃ctχvβGχntβrδ₃cβUG2019SGd[SGX[XaTX[Y[ 5

457 zrε₃nχcTtnorε₃nχcGsy−rχαGx₃tβrχ₃lsG₃nαG–πβχrGlpplχc₃tχonsUG2019SGXTYY

456 syαropπo−χcG₃nαGour₃−lβGlαπβsχvβGno₃tχnεsGq₃−rχc₃tβαGδromGqluorχn₃tβαGrlycχαylGnopolymβrsG
rr₃δtβαGonG”χzYGy₃nop₃rtχclβsUG2019SGYSGaXbTaYa 8

455 ”t₃−lβGxolβcul₃rG”urδ₃cβGxoαχδχc₃tχonGoδGy₃nostructurβαSGxβsoporousGxβt₃lGzxχαβGPπoto₃noαβsG
−yG”χl₃nβG₃nαGnlχckGnπβmχstryUG2019SGXXSG[]aWT[]ab 13

454 pδδβctsGoδGmoαχδχβαGn₃noTsχlχc₃GonGtπβGmχcrostructurβGoδGP oqG₃nαGχtsGmχcroporousGmβm−r₃nβsUG
2019SGYaSGX 8

453 x₃nχpul₃tχnεGcryst₃llχz₃tχonG−βπ₃vχorGoδGpolyOβtπylβnβGoxχαβPG−yGδunctχon₃lχzβαGn₃nop₃rtχclβG
χnclusχonUG2019SGXa]SGYcTZc 11

452 qunα₃mβnt₃lsGoδGy₃nom₃tβrχ₃lsG₃nαGPolymβrGy₃nocomposχtβsUG2019SGXT[] 25

451 –r₃nsp₃rβntGpolymβrGn₃nocomposχtβseGlnGovβrvχβwGonGtπβχrGsyntπβsχsG₃nαG₃αv₃ncβαGpropβrtχβsUG
2019SGcdSGXZZTX]c 113
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450 sχεπGprotonGconαuctχvχtyGpoly−βnzχmχα₃zolβGprotonGβxcπ₃nεβGmβm−r₃nβG−₃sβαGonG
pπospπotunεstχcG₃cχαT₃ncπorβαGn₃noTvβvl₃rGδχ−βrsUG2019SG][SGXa[WTXa]Z 14

449 PolyβtπylβnβVsχlχc₃Gn₃noroαGcomposχtβsGwχtπGrβαucβαGαχβlβctrχcGconst₃ntG₃nαGβnπ₃ncβαGmβcπ₃nχc₃lG
strβnεtπUG2019SGXZaSG[bX[Z 7

448 –πβrm₃lGαβεr₃α₃tχonG₃nαGcom−ustχonG−βπ₃vχorGoδGδl₃mβTrβt₃rα₃ntGβpoxyGrβsχnsGwχtπGnovβlG
pπospπorusT−₃sβαGδl₃mβGrβt₃rα₃ntsG₃nαGsχlχconGp₃rtχclβsUG2019SGbaSGZaWbTZaXd 10

447 lGnovβlGpolyO₃rylβnβGβtπβrGnχtrχlβPGultr₃δχltr₃tχonGmβm−r₃nβGδorGw₃tβrGpurχδχc₃tχonG₃nαGχtsG
₃ntχδoulχnεGpropβrtyGwχtπGχnGsχtuTεβnβr₃tβαG”χzYGn₃nop₃rtχclβsUG2019SGZXSGdbbTdc] 4

446 l–“PGoδGxβtπylGxβtπ₃cryl₃tβGχnGtπβGPrβsβncβGoδGsxo”TxoαχδχβαG”χlχc₃GlβroεβleGl“rp–Glppro₃cπUG
2019SGYdSGaWcTaXa 6

445 tnvβstχε₃tχonGonG”tructur₃lG₃nαGoχβlβctrχcGPropβrtχβsGoδG”χlχc₃Gy₃nop₃rtχclβsGtncorpor₃tβαG
PolyOptπylβnβGzxχαβPVPolyO χnylGPyrrolχαonβPGmlβnαGx₃trχxGm₃sβαGy₃nocomposχtβsUG2019SGYdSG]dYTaWb 21

444 ”yntπβsχsGoδGα₃χsyTsπ₃pβαGcorβâ��sπβllGn₃nocomposχtβsGoδGcπχr₃lGpoly[O´–PTYTOsβcT−utylP₃nχlχnβÜGχnGtπβG
solχαGst₃tβUG2019SGYcSGb]Tca 4

443 ”pβcχδχcGtntβr₃ctχonsG₃nαG”βlδTzrε₃nχz₃tχonGχnGPolymβrVqunctχon₃lχzβαGy₃nop₃rtχclβG”ystβmsUG2019SGc]TXXb 2

442
pδδβctsGoδGYoG−oronGnχtrχαβGOmyPGn₃nopl₃tβsGδχllβrGonGtπβGtπβrm₃lSGβlβctrχc₃lSGmβcπ₃nχc₃lG₃nαG
αχβlβctrχcGpropβrtχβsGoδGπχεπGtβmpβr₃turβGvulc₃nχzβαGsχlχconβGru−−βrGδorGcomposχtβGχnsul₃torsUG2019SG
bb[SGZdaT[W[

42

441 oβsχεnG₃nαG”yntπβsχsGoδGPolymβrGy₃nocomposχtβsUG2019SG[bTcZ 44

440 PolymβrGnomposχtβsGWχtπGqunctχon₃lχzβαG”χlχc₃UG2019SGXXdTX[c 5

439 Poly₃cryl₃tβVsχlχc₃Gπy−rχαGm₃tβrχ₃lseGlGstβpGtow₃rαsGmultχδunctχon₃lGpropβrtχβsUG2019SG[WSGdY]Td]b 7

438 PolymβrGβlβctrolytβGαβvβlopβαGδromGn₃tur₃lGru−−βrTpoly₃crylχcG₃cχαGcoGtrχmβtπoxysχlylGpropylG
mβtπ₃cryl₃tβGεr₃δtβαGδumβαGsχlχc₃G₃nαGχtsG₃pplχc₃tχonGtoGαyβGsβnsχtχzβαGsol₃rGcβllUG2019SG[WSGZW[TZX[ 3

437 somoεβnβχtyGqu₃ntχδχc₃tχonGoδGn₃nop₃rtχclβsGαχspβrsχonGχnGcomposχtβGm₃tβrχ₃lsUG2019SG[WSGXWWWTXWW] 4

436 xβcπ₃nχc₃lGpropβrtχβsGoδGcomprβssχonTmolαβαGβlβctrospunGsχlχc₃Gδχ−βrVnylonTaGcomposχtβsUG2019SG
[WSGXXYZTXXZX 2

435 Prβp₃r₃tχonG₃nαGpropβrtχβsGoδGxy”χzYVny[WVPqGn₃nocomposχtβsUG2019SG[WSGXbdTXca 2

434 ”upβrπyαropπo−χcGno₃tχnεGPolymβrV”χlχc₃Gy₃nocomposχtβseGP₃rtGtG”yntπβsχsG₃nαGnπ₃r₃ctβrχz₃tχonG₃sG
pcoTqrχβnαlyGno₃tχnεUG2020SGXYSGcW]TcXX 8

433 –πβGχnδluβncβsGoδGεr₃δtχnεGαβnsχtyG₃nαGpolymβrâ��n₃nop₃rtχclβGχntβr₃ctχonGonGcryst₃llχs₃tχonGoδG
polymβrGcomposχtβsUG2020SG[aSGabcTacc 9
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432 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGnπχtos₃nâ��sχlχc₃Gπy−rχαG₃βroεβlGusχnεGsolTεβlGmβtπoαUG2020SGZYSG]]WT]][ 21

431 ”χlχc₃G₃βroεβlTδχllβαGPxxlG−yGχnGsχtuGrβvβrsβG₃tomGtr₃nsδβrGr₃αχc₃lGpolymβrχz₃tχoneGkχnβtχcsG₃nαG
tπβrm₃lGstuαχβsUG2020SGX[WSGbXZTbYZ 1

430 lGrβvχβwGoδGrβsβ₃rcπG₃αv₃ncβsGχnGβpoxyT−₃sβαGn₃nocomposχtβsG₃sG₃απβsχvβGm₃tβrχ₃lsUG2020SGdaSGXWY[][ 42

429 tnGsχtuGβmulsχonGpolymβrχz₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGP lcGn₃nocomposχtβsGχncluαχnεGcolloχα₃lG
sχlχc₃Gn₃nop₃rtχclβsGδorGwooαGspβcχmβnsG−onαχnεUG2020SGXZbSG[c]bW 7

428 ”u−Tn₃nomβtβrGtχt₃nχumToxoGclustβrTpolymβrGn₃nocomposχtβsGδorGβl₃stχcSGtr₃nsp₃rβntG— Trβsχst₃ntG
δχlmsG₃nαGn₃noTco₃tχnεsUG2020SG[XSGZWaTZXZ 3

427 –πβGβδδβctGoδGχntβrδ₃cχ₃lGαyn₃mχcsGonGtπβG−ulkGmβcπ₃nχc₃lGpropβrtχβsGoδGru−−βrGcomposχtβsUG2020SG
]YSGYXbTYYZ 8

426 lGtπβrmoTkχnβtχcGstuαyGonG₃crylχcGcopolymβrGn₃nocomposχtβGp₃rtχclβsGcont₃χnχnεGrxlTmoαχδχβαG
n₃nosχlχc₃Gprβp₃rβαGvχ₃GmχnχβmulsχonGpolymβrχz₃tχonUG2020SGY[WSGXYYXYa 5

425 n₃usβT₃nαTpδδβctGln₃lysχsG₃sG₃G–oolG–oGtmprovβGtπβG“βproαucχ−χlχtyGoδGy₃no−χo₃ss₃yseGqourGn₃sβG
”tuαχβsUG2020SGZZSGXWZdTXW][ 17

424 lpplχc₃tχonsGoδGsχlχc₃Gn₃nop₃rtχclβsGχnGεl₃ssVc₃r−onGδχ−βrTrβχnδorcβαGβpoxyGn₃nocomposχtβUG2020SGXbSGZYT[X 34

423 –πβGnonlχnβ₃rGβl₃stχcGrβsponsβGoδGδχllβαGβl₃stomβrseGpxpβrχmβntsGvsUGtπβoryGδorGtπβG−₃sχcGc₃sβGoδG
p₃rtχcul₃tβGδχllβrsGoδGmχcromβtβrGsχzβUG2020SGXZ]SGXWZbcX 11

422 nomprβssχvβG−βπ₃vχorGoδGrχεχαGpolyurβtπ₃nβGδo₃msGn₃nostructurβαGwχtπG−₃ctβrχ₃lGn₃nocβllulosβG₃tG
lowG₃nαGχntβrmβαχ₃tβGstr₃χnGr₃tβsUG2020SGXZbSG[cbWX 11

421 y₃nocomposχtβsGoδGpolyO˛µTc₃prol₃ctonβPGwχtπGn₃noc₃r−onG₃nαGχnorε₃nχcGn₃nop₃rtχclβseG₃Gvβrs₃tχlβG
pl₃tδormGδorGχnαustrχ₃lG₃pplχc₃tχonsUG2020SGY[SGZbZTZcZ 5

420
lGstuαyGoδGoptχmumGprocβssχnεGp₃r₃mβtβrsG₃nαG₃−norm₃lGp₃r₃mβtβrGχαβntχδχc₃tχonGoδGtπβG
twχnTscrβwGcoTrot₃tχnεGβxtruαβrGmχxχnεGprocβssG−₃sβαGonGtπβGαχstrχ−utχonG₃nαGαχspβrsχonGpropβrtχβsG
δorG”χzYVlowTαβnsχtyGpolyβtπylβnβGn₃noTcomposχtβsUG2020SGdWSGXXWYTXXXb

2

419 PolymβrVxβt₃lGzrε₃nχcGqr₃mβworkGOxzqPGy₃nocomposχtβsGδorGmχomβαχc₃lGlpplχc₃tχonsUG2020SGY]SG 77

418 ”yntπβsχsG₃nαGnπ₃r₃ctβrχz₃tχonGoδGlmpπχpπχlχcGs₃χryGy₃nop₃rtχclβsGwχtπGpsG₃nαGtonχcG
ou₃lT“βsponsχvβnβssUG2020SGaWSG]aZT]b[ 3

417 pl₃stχcGlβroεβlsGoδGnβllulosβGy₃noδχ−βrskxβt₃lTzrε₃nχcGqr₃mβworksGδorG–πβrm₃lGtnsul₃tχonG₃nαG
qχrβG“βt₃rα₃ncyUG2019SGXYSGd 57

416
”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGcoppβrGOttPTpolyO₃crylχcG₃cχαPVxTxnxT[XGn₃nocomposχtβG₃sG₃GnovβlG
mβsoporousGsolχαG₃cχαGc₃t₃lystGδorGtπβGonβTpotGsyntπβsχsGoδGpolyπyαroquχnolχnβGαβrχv₃tχvβsUG2020SG
XbaSGXX[Yd[

9

415 ”tuαyGoδGnTsjzGmonαGoδGzrε₃nχcâ��tnorε₃nχcGsy−rχαsGm₃sβαGonGPolyπyαroxy−utyr₃tβG₃nαGzxχαβsG
z−t₃χnβαG χ₃G₃nGtnG”χtuG”olâ��rβlG“outβUG2020SGaWSGabZTacX 0
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414 qluorχn₃tβαGy₃nosχlχc₃G”χzβGpδδβctGonGsχβr₃rcπχc₃lG”tructurβG₃nαG”upβrπyαropπo−χcGPropβrtχβsGoδG
tπβGppoxyGy₃nocomposχtβGqχlmUG2020SGYSG[XcT[Ya 6

413 zrε₃nχcâ��tnorε₃nχcGnopolymβrχz₃tχonGδorG₃GsomoεβnousGnomposχtβGwχtπoutG₃nGtntβrpπ₃sβG
mounα₃ryUG2020SGXZYSGYWcbTYWdX

412 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGmultχGstχmulχTrβsponsχvβG−lockGcopolymβrTsχlχc₃Gπy−rχαG
n₃nocomposχtβGwχtπGcorβTsπβllGstructurβGvχ₃G“lq–Gpolymβrχz₃tχonUG2020SGXccSGXWbd]X 21

411 pv₃lu₃tχonGoδGxβcπ₃nχc₃lGPropβrtχβsG₃nαGnorrosχonGProtβctχonGPβrδorm₃ncβGoδG”urδ₃cβGxoαχδχβαG
y₃noT₃lumχn₃Gpnc₃psul₃tβαGppoxyGno₃tβαGxχlαG”tββlUG2020SGaSGX 14

410 “βεul₃tχonGoδGpolymβrχz₃−lβGmoαχδχc₃tχonGαβεrββGoδGn₃noT”χzYG₃nαGtπβGβδδβctsGonGpβrδorm₃ncβGoδG
composχtβGmχcrospπβrβGδorGconδorm₃ncβGcontrolUG2020SG]c]SGXY[XWW 8

409 xoαχδχc₃tχonGoδGpolyvχnylχαβnβGδluorχαβGmβm−r₃nβG−yGqu₃tβrn₃ryG₃mmonχumGcompounαsGlo₃αβαGonG
sχlχc₃Gn₃nopollβnsGδorGmχtχε₃tχnεG−χoδoulχnεUG2020SG]dbSGXXbabd 9

408 ”tructurβVpropβrtyGrβl₃tχonsπχpGoδGpolyvχnylG₃lcoπolVαχmβtπoxyαχmβtπylsχl₃nβGcomposχtβG
mβm−r₃nβeGpxpβrχmβnt₃lG₃nαGtπβorβtχc₃lGstuαχβsUG2020SGYYcSGXXbcXW 7

407 Prβp₃r₃tχonG₃nαGnπ₃r₃ctβrχz₃tχonGoδGPolyO χnylGllcoπolPGOP lPV”χzYSGP lV”ulδosuccχnχcGlcχαGO””lPG
₃nαGP lV”χzYV””lGxβm−r₃nβseGlGnomp₃r₃tχvβG”tuαyUG2020SG]dSGX]bTXcX 6

406 zrε₃nχcTtnorε₃nχcGnopolymβrχz₃tχonGδorG₃GsomoεβnousGnomposχtβGwχtπoutG₃nGtntβrpπ₃sβG
mounα₃ryUG2020SG]dSGYWbXTYWb] 31

405 somoεβnβousGorε₃nχcVχnorε₃nχcGπy−rχαGsc₃δδolαsGwχtπGπχεπGostβoχnαuctχvβG₃ctχvχtyGδorG−onβGtχssuβG
βnεχnββrχnεUG2020SGdXSGXWabdc 4

404 oχscovβryGoδGtπβG“lq–Vxlot®GProcβsseGxβcπ₃nχstχcGtnsχεπtsG₃nαGPolymβrGnπβmχstryGtmplχc₃tχonsUG
2020SG]ZSGcX[[TcX]d 14

403 s₃lloysχtβGnont₃χnχnεG–πβrmosβtGy₃nocomposχtβsGvχ₃GqrββG“₃αχc₃lGPπotocrosslχnkχnεG
Polymβrχz₃tχonUG2020SGYYXSGYWWWXdb 1

402 lnGovβrvχβwGoδG−oronGnχtrχαβG−₃sβαGpolymβrGn₃nocomposχtβsUG2020SG]cSGZXX]TZX[X 24

401 ”χlχc₃GqχllβαGPolypπβnylsulδonβVPolyαχmβtπylsχlox₃nβGnomposχtβGxβm−r₃nβsGδorGPβrv₃por₃tχonG
”βp₃r₃tχonGoδGmχo−ut₃nolGδromGlmpGxχxturβsUG2020SGX]aSGXWcWdd 6

400 Pβrδorm₃ncβGβnπ₃ncβmβntGoδGru−−βrGcomposχtβsGusχnεG znTqrββGχntβrδ₃cχ₃lGsχlχc₃GcouplχnεG₃εβntUG
2020SGYWYSGXWcZWX 20

399 PolyOmβtπylGmβtπ₃cryl₃tβPTεr₃pπβnβGβmulsχonGprβp₃rβαGvχ₃G“lq–Gpolymβrχz₃tχonG₃nαGtπβG
propβrtχβsGoδGy“VPxxlTεr₃pπβnβGcomposχtβsUG2020SGXZdSGXWddcZ 5

398 lGrβvχβwGonGpolymβrTn₃noδχllβrGcomposχtβsGχnGαβvβlopχnεGco₃tβαGs₃nαGpropp₃ntsGδorGπyαr₃ulχcG
δr₃cturχnεUG2020SGcZSGXWZ]]Z 10

397 tnδluβncβGoδGmoαχδχβαGmβsoporousGsχlχc₃G”mlTX]G₃nαGcomp₃tχ−χlχzβrGonGtπβGpropβrtχβsG₃nαGstructurβG
oδGβtπylβnβTvχnylG₃cβt₃tβGcopolymβrT−₃sβαGn₃nocomposχtβsUG2020SG]dSGYWWZTYWXb 0
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396 ”χl₃nχzβαG”χlχc₃Tpnc₃psul₃tβαGn₃lcχumGn₃r−on₃tβky₃tur₃lG“u−−βrGnomposχtβsGPrβp₃rβαG−yG
znβTPotG“β₃ctχonUG2020SGXYSG 2

395 vχnβtχcsG₃nαGtπβrm₃lGstuαχβsGδorGtπβGcopolymβrχz₃tχonGoδGstyrβnβG₃nαGmβtπylGmβtπ₃cryl₃tβG−yG
χncorpor₃tχonGoδGmβsoporousGαχ₃tomχtβUG2020SG]XSGcbcTccb

394 nov₃lβntGχmmo−χlχz₃tχonGoδGo₃wsonGpolyoxomβt₃l₃tβsGonGπ₃χryGp₃rtχclβsG₃nαGχtsGc₃t₃lytχcGpropβrtχβsG
δorGtπβGoxχα₃tχonGαβsulδurχz₃tχonGoδGtβtr₃πyαrotπχopπβnβUG2020SGYb[SGXYYbb[ 7

393 yovβlGt₃nnχnεG₃εβntG−₃sβαGonGsχlχc₃Tn₃nocomposχtβGβmulsχonGpolymβrsUG2020SG[dSGYcZTYd[ 1

392
tntβrδ₃cχ₃lGpπβnomβn₃G₃nαGmolβcul₃rGαyn₃mχcsGχnGcorβTsπβllTtypβGn₃nocomposχtβsG−₃sβαGonG
polyαχmβtπylsχlox₃nβG₃nαGδumβαGsχlχc₃eGnomp₃rχsonG−βtwββnGχmprβεn₃tχonG₃nαGtπβGnβwG
mβcπ₃noTsorptχonGmoαχδχc₃tχonG₃sGprβp₃r₃tχonGmβtπoαsUG2020SGYW]SGXYYcba

2

391 ”tχmulχTrβsponsχvβGpolymβrVn₃nom₃tβrχ₃lGπy−rχαsGδorGsβnsχnεG₃pplχc₃tχonsUG2020SGX[]SG]bXZT]bY[ 12

390 wumχnβscβntGcomposχtβG−₃sβαGonGβpoxyGpolymβrG₃nαGsχlχc₃Gn₃nop₃rtχclβsGαopβαG−yGtβr−χumOtttPG
complβxUG2020SGYYSGX 1

389 nom−χnβαGtrβ₃tmβntsGoδGδχ−βrGsurδ₃cβGβtcπχnεVsχl₃nβTcouplχnεGδorGβnπ₃ncβαGmβcπ₃nχc₃lGstrβnεtπGoδG
₃r₃mχαGδχ−βrTrβχnδorcβαGru−−βrG−lβnαsUG2020SGY]]SGXYZ[ca 17

388 W₃tβr−ornβGmoαχδχβαTsχlχc₃V₃cryl₃tβsGπy−rχαGn₃nocomposχtβsG₃sGsurδ₃cβGprotβctχvβGco₃tχnεsGδorG
stonβGmonumβntsUG2020SGX[dSGXW]cdb 9

387 tmprovβmβntGoδGtntβrδ₃cχ₃lGlαπβsχonG−βtwββnGPolyOZTπyαroxy−utyr₃tβTcoTZTπyαroxyπβx₃no₃tβPG
₃nαG”χlχc₃GP₃rtχclβsUG2020SG]dSGXZ]d]TXZaWY 5

386 oβvβlopmβntGoδG₃nGlppro₃cπGoδGsχεπG”βnsχtχvβGnπβmχlumχnβscβntGlss₃yGδorGnyst₃tχnGnG—sχnεG₃G
y₃nop₃rtχclβGn₃rrχβrUG2020SGcSGcWY 1

385 xoαχδχβαGsχlχc₃T−₃sβαGχsoprβnβGru−−βrGcomposχtβG−yG₃GmultχTδunctχon₃lGsχl₃nβeGPrβp₃r₃tχonG₃nαGχtsG
mβcπ₃nχc₃lG₃nαGαyn₃mχcGmβcπ₃nχc₃lGpropβrtχβsUG2020SGdXSGXWac[W 5

384 m₃ctβrχ₃lGnβllulosβeGqunctχon₃lGxoαχδχc₃tχonG₃nαGWounαGsβ₃lχnεGlpplχc₃tχonsUG2021SGXWSGaYZTa[W 15

383
xolβcul₃rGWβχεπtGoβpβnαβncβGoδGtπβGrl₃ssG–r₃nsχtχonG–βmpβr₃turβGO–εPTnonδχnβmβntGpδδβctGχnG
WβllToχspβrsβαGPolyOYTvχnylGpyrχαχnβPâ��”χlχc₃Gy₃nocomposχtβseGnomp₃rχsonGoδGtntβrδ₃cχ₃lGw₃yβrG–εG
₃nαGx₃trχxG–εUG2020SG]ZSGcbY]TcbZa

9

382 znβTstβpGsyntπβsχsGoδGεolδG−₃llTlχkβGtπχolTδunctχon₃lχzβαGsχlχc₃Gp₃rtχclβsUG2020SG 4

381 ”βlβctχonGoδG₃nGzptχm₃lGl−r₃sχonGWπββlG–ypβGδorGy₃noTno₃tχnεGWβ₃rG”tuαχβsGunαβrGWβtGorGoryG
l−r₃sχonGnonαχtχonsUG2020SGXWSG

380
plucχα₃tχnεGtπβG“olβGoδGtntβrδ₃cχ₃lGsyαroεβnGmonαsGonGrl₃ssG–r₃nsχtχonG–βmpβr₃turβGnπ₃nεβGχnG₃G
PolyO χnylGllcoπolPV”χzGPolymβrTy₃nocomposχtβG−yGyoncov₃lβntGtntβr₃ctχonGnπ₃r₃ctβrχz₃tχonG₃nαG
ltomχstχcGxolβcul₃rGoyn₃mχcsG”χmul₃tχonsUG2020SG[XSGβYWWWY[W

7

379 ql₃mβTm₃αβGP₃rtχclβsGδorG”βnsorsSGn₃t₃lysχsSG₃nαGpnβrεyG”tor₃εβGlpplχc₃tχonsUG2020SGZ[SGXZYWdTXZYY[ 19
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378 lnGovβrvχβwGoδGpolymβrχcGn₃noT−χocomposχtβsG₃sGt₃rεβtβαG₃nαGcontrollβαTrβlβ₃sβGαβvχcβsUG2020SG
XYSGXYYZTXYZX 2

377 tnδluβncβGoδGαχδδβrβntGpπospπorχcG₃cχαsG−βδorβG₃pplχc₃tχonGoδGunχvβrs₃lG₃απβsχvβGonGtπβGαβnt₃lG
βn₃mβlUG2020SGZYSGbdbTcW] 3

376 –πβGtmp₃ctsGoδGxoχsturβG₃nαG—ltr₃vχolβtGwχεπtGonGtπβGoβεr₃α₃tχonGoδGrr₃pπβnβGzxχαβVPolymβrG
y₃nocomposχtβsUG2020SGXdSGXWWY[dTXWWY[d 6

375 –πβGtnvβstχε₃tχonGoδGtπβG”χlχc₃T“βχnδorcβαG“u−−βrGPolymβrsGwχtπGtπβGxβtπoxyG–ypβG”χl₃nβGnouplχnεG
lεβntsUG2020SGXYSG 8

374 N–roj₃nTsorsβNGstrβssTεr₃nulβGδorm₃tχonGmβαχ₃tβαG−yGm₃nε₃nβsβGoxχαβGn₃nop₃rtχclβsUG2020SGX[SGX[ZYTX[[[ 2

373 “βcβntGProεrβssGχnGPolymβrTm₃sβαGmuχlαχnεGx₃tβrχ₃lsUG2020SGYWYWSGXTX] 11

372 xβtπoαGδorGαβtβrmχn₃tχonGoδGtπβrmopπysχc₃lGpropβrtχβsGoδGpolymβrGcomposχtβGm₃tβrχ₃lsUG2020SG
cdaSGWXYXW] 3

371 y₃nosχlχc₃GnomposχtβGδorGrrββnπousβGlpplχc₃tχonUG2020SG

370 ”yntπβtχcGstr₃tβεχβsGδorGr₃sp−βrryTlχkβGpolymβrGcomposχtβGp₃rtχclβsUG2020SGXXSGZZbWTZZdY 15

369 –un₃−lβGlssβm−lyGoδGmlockGnopolymβrG–βtπβrβαGP₃rtχclβGmrusπβsG−yG”urδ₃cβTtnχtχ₃tβαGltomG
–r₃nsδβrG“₃αχc₃lGPolymβrχz₃tχonUG2020SGdSGcWaTcXY 9

368 znβTstβpG”yntπβsχsGoδGpnαTqunctχon₃lχzβαGsyαroεβn₃tβαGyχtrχlβTmut₃αχβnβG“u−−βrG−yGnom−χnχnεG
tπβGqunctχon₃lGxβt₃tπβsχsGwχtπGsyαroεβn₃tχonUG2020SGdSGZb[TZcW 3

367
yonχsocy₃n₃tβGPolyOsyαroxylG—rβtπ₃nβPTm₃sβαGrrββnGPolymβrGsy−rχαGno₃tχnεG”ystβmseG–₃χlorχnεGoδG
mχom₃cromolβcul₃rGnompounαGlrcπχtβcturβG—sχnεGlP–x”T²nzV–pxPzTzxχαχzβαGnβllulosβG
y₃nop₃rtχclβsUG2020SG]SGXWZX]TXWZYa

3

366 Prβp₃r₃tχonG₃nαGpropβrtχβsGoδGmβtπylTG₃nαGcycloπβxylsχlsβsquχox₃nβGolχεomβrsG₃sGorε₃nχcâ��χnorε₃nχcG
δχllβrsUG2020SGd]SG[b[T[cX 3

365 Prβp₃r₃tχonG₃nαGsolutχonGpropβrtχβsGoδGpoly₃cryl₃mχαβT−₃sβαGsχlχc₃Gn₃nocomposχtβsGδorGαr₃εG
rβαuctχonG₃pplχc₃tχonUG2020SG[[SGdcWYTdcXY 6

364
n₃lorχmβtrχcG₃nαGoχβlβctrχcG”tuαyGoδG“βnβw₃−lβGPolyOπβxylβnβGYS]Tδur₃nTαχc₃r−oxyl₃tβPTm₃sβαG
y₃nocomposχtβsGtnG”χtuGqχllβαGwχtπG”m₃llGlmountsGoδGrr₃pπβnβGPl₃tβlβtsG₃nαG”χlχc₃Gy₃nop₃rtχclβsUG
2020SGXYSG

11

363 sy−rχαGχnorε₃nχcTpolymβrGn₃nocomposχtβseG”yntπβsχsSGcπ₃r₃ctβrχz₃tχonSG₃nαGpl₃ntTprotβctχonG
₃pplχc₃tχonsUG2020SGZZT[d 1

362 ®Tr₃yTm₃sβαG”pβctroscopχcG–βcπnχquβsGδorGnπ₃r₃ctβrχz₃tχonGoδGPolymβrGy₃nocomposχtβGx₃tβrχ₃lsG₃tG
₃Gxolβcul₃rGwβvβlUG2020SGXYSG 25

361 nomprβπβnsχvβGrβvχβwG₃nαGδuturβGpβrspβctχvβsGoδGβδδχcχβntGyTαopβαSGqβTαopβαG₃nαG
OySqβPTcoTαopβαGtχt₃nχ₃G₃sGvχsχ−lβGlχεπtG₃ctχvβGpπotoc₃t₃lystsUG2020SGXbcSGXWd[Yd 18
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360 xβt₃lGzxχαβâ��m₃sβαGy₃nocomposχtβsG₃sGlntχmχcro−χ₃lG₃nαGmχomβαχc₃lGlεβntsUG2020SGYcbTZYZ 6

359 q₃−rχc₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGmβl₃mχnβGδorm₃lαβπyαβGδχ−βrsGwχtπGβnπ₃ncβαGmβcπ₃nχc₃lG
propβrtχβsG₃nαGπχεπGδχrβGrβsχst₃ncβG−yGαryGspχnnχnεUG2020SGXZbSG[dZc] 3

358 xorpπoloεyGαβt₃χlsG₃nαGsχzβGαχstrχ−utχonGcπ₃r₃ctβrχstχcsGoδGsχnεlβTpotTsyntπβsχzβαGsχlχc₃G
n₃nop₃rtχclβsUG2020SGcdSGYXYTYYX 3

357 yTsyαroxypπtπ₃lχmχαβGc₃t₃lyzβαGπyαr₃zχn₃tχonGoδGpolyβtπylβnβGεlycolUG2020SGX][SGXW[aaa 1

356 pxplorχnεGtπβGconδχnβmβntGoδGpolymβrGn₃nol₃yβrsGχntoGorαβrβαGmβsoporousGsχlχc₃GusχnεG₃αv₃ncβαG
ε₃sGpπysχsorptχonUG2020SG]bdSG[cdT]Wb 3

355 PπotoTrβsponsχvβGαβεr₃α₃−lβGπollowGmβsoporousGorε₃nosχlχc₃Gn₃nopl₃tδormsGδorGαruεGαβlχvβryUG
2020SGXcSGdX 9

354 ppoxyTm₃sβαGsy−rχαG”tructur₃lGnomposχtβsGwχtπGy₃noδχllβrseGlG“βvχβwUG2020SG]dSGXYaXbTXYaZX 15

353 nπχtos₃nGoβposχtβαGontoGqumβαG”χlχc₃G”urδ₃cβG₃sG”ust₃χn₃−lβGsy−rχαGmχosor−βntGδorGlcχαGzr₃nεβGcG
oyβGn₃pturβeGpδδβctGoδG–βmpβr₃turβGχnGlαsorptχonGpquχlχ−rχumG₃nαGvχnβtχcsUG2020SGXY[SGX]ZXYTX]ZYZ 17

352 ”tructur₃lGcπ₃r₃ctβrχz₃tχonGoδGcl₃yGsystβmsG−yGsm₃llT₃nεlβGsc₃ttβrχnεUG2020SGZbTa] 1

351 –πβrm₃lG₃nαG“πβoloεχc₃lGln₃lysχsGoδGPolystyrβnβTrr₃δtβαG”χlχc₃Gy₃nocomposχtβsUG2020SG]ZSGYXYZTYXZ] 15

350 “βmovχnεGnαOttPGδromGlquβousG”olutχonG−yGtnvβrsβGzp₃lGsy−rχαG”χzYUG2020SGX]SGYW]WW[b

349 PolymβrTco₃tβαGc₃tχonχcGsχlχc₃Gn₃nop₃rtχclβsGδorGslowTrβlβ₃sβGPχckβrχnεGβmulsχonsUG2020SGYdcSG]]dT]ac 2

348 ”yntπβsχsGoδGpolymβrTsχlχc₃Gπy−rχαTsupportβαGc₃t₃lystsGδorGsolvβntTδrββGoxχα₃tχonGoδGβtπyl−βnzβnβG
wχtπG–msPUG2020SGX]SGβY[[X 2

347 ”urδ₃cβGεr₃δtχnεGoδGδluorβscβntGpolymβrsGonGπ₃lloysχtβGn₃notu−βsGtπrouεπGmβt₃lTδrββGlχεπtTχnαucβαG
controllβαGpolymβrχz₃tχoneGPrβp₃r₃tχonSGcπ₃r₃ctβrχz₃tχonG₃nαG−χoloεχc₃lGχm₃εχnεUG2020SGXXXSGXXWcW[ 3

346 “βmov₃lGoδG₃quβousGsεOχχPG−yGtπχolTδunctχon₃lχzβαGnonporousGsχlχc₃GmχcrospπβrβsGprβp₃rβαG−yG
onβTstβpGsolTεβlGmβtπoαUUG2020SGXWSGXc]Z[TXc][Y 10

345 ”βlδT₃ssβm−lyGχnG₃mpπχpπχlχcGspπβrχc₃lG−rusπβsUG2020SGX]YSGYZ[dWZ 2

344 pv₃lu₃tχonGoδGδunctχon₃lχtyGχnGyχkst₃−χlχzβαG²rzYG₃nαGyχzkyχzâ��²nGtπrouεπG®Tr₃yGαχδδr₃ctχonG
tβcπnχquβUG2020SGY][SGXYZXXY 0

343 oβδorm₃tχonGoδGr₃sp−βrryTlχkβGpolymβrGcomposχtβGp₃rtχclβsG−yGcolloχα₃lGδusχonUG2020SGXSGXdbTYW] 3
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342 tnδluβncβGoδGsχlχc₃Gn₃nop₃rtχclβsGonGtπβGαβs₃lχn₃tχonGpβrδorm₃ncβGoδGδorw₃rαGosmosχsG
poly−βnzχmχα₃zolβGmβm−r₃nβsUG2020SG[dXSGXX[[[X 11

341 –πβrm₃lGcπ₃r₃ctβrχz₃tχonGoδGnβtTlχkβG₃nαGδormTst₃−lβGxwV”χzYGcomposχtβG₃sGnovβlGPnxGδorGcolαG
βnβrεyGstor₃εβUG2020SGYcSGXWXYba 21

340 mχTδunctχon₃lGsχlχc₃Gn₃nop₃rtχclβsGδorGsχmult₃nβousGβnπ₃ncβmβntGoδGmβcπ₃nχc₃lGstrβnεtπG₃nαG
swβllχnεGc₃p₃cχtyGoδGπyαroεβlsUUG2020SGXWSGaYXZTaYYY 19

339 oββpGχnsχεπtGχntoGχntβr₃ctχonGmβcπ₃nχsmsG−βtwββnGp”m“G₃nαGsχlχc₃GmoαχδχβαG−yGαχδδβrβntGsχl₃nβG
couplχnεG₃εβntsUG2020SGXZbSG[dXXY 2

338 mχoTn₃nom₃tβrχ₃lsGχnGtπβG₃χrGpollutχonGtrβ₃tmβntUG2020SGYYbTY[c 1

337 q₃cχlβGq₃−rχc₃tχonGoδGpnvχronmβnt₃llyGqrχβnαlySGW₃tβrprooδSG₃nαGmrβ₃tπ₃−lβGy₃noδχ−rousG
xβm−r₃nβsGwχtπGsχεπG— T“βsχst₃ntGPβrδorm₃ncβG−yGznβT”tβpGplβctrospχnnχnεUG2020SG]dSG[[[bT[[]c 19

336 tnGsχtuGsyntπβsχsGoδGβpoxyGn₃nocomposχtβsGwχtπGπχβr₃rcπχc₃lGsurδ₃cβTmoαχδχβαG”χzYGclustβrsUG2020SG
d]SGbcZTbd[ 3

335 yonTδluorχn₃tβαGsupβrπyαropπo−χcGspr₃yGco₃tχnεsGδorGoχlTw₃tβrGsβp₃r₃tχonG₃pplχc₃tχonseGlnG
βcoTδrχβnαlyG₃ppro₃cπUG2020SGY]aSGXYWadZ 22

334 sy−rχαGδl₃tGsπββtGcβllulosβG₃cβt₃tβVsχlχconGαχoxχαβGultr₃δχltr₃tχonGmβm−r₃nβsGδorGurβmχcG−looαG
purχδχc₃tχonUG2020SGYbSGZc[bTZcad 12

333 nzYGsβlβctχvβGsβp₃r₃tχonGoδGPβ−₃xT−₃sβαGmχxβαGm₃trχxGmβm−r₃nβsGOxxxsPG₃ccβlβr₃tβαG−yGsχlχc₃G
n₃nop₃rtχclβGorε₃nχcGπy−rχαGm₃tβrχ₃lsGOyzsxsPUG2020SGY[XSGXXabWc 23

332 “βjuvβn₃tχnεGtπβGstructurβG₃nαGrπβoloεχc₃lGpropβrtχβsGoδGsχlχc₃Gn₃nocomposχtβsG−₃sβαGonGn₃tur₃lG
ru−−βrUG2020SGXcdSGXYYXac 3

331 –πβGpδδβctGoδGpxtβnαβrGP₃rtχclβG”χzβGonGtπβGrl₃ssG–r₃nsχtχonG–βmpβr₃turβGoδGxoαβlGppoxyGno₃tχnεsUG
2020SGXYSG 3

330 nontroll₃−lβGsyntπβsχsGoδGsχlχc₃Gn₃nop₃rtχclβGsχzβG₃nαGp₃ckχnεGβδδχcχβncyGontoGP PTδunctχon₃lχzβαG
PxxlGvχ₃G₃Gsolâ��εβlGmβtπoαUG2020SG]cSGaaYTabY 3

329 tntβrδ₃cχ₃lGrβεχonGβδδβctGonGtπβrm₃lGconαuctχvχtyGoδGsχlχconGn₃nocryst₃lG₃nαGpolystyrβnβG
n₃nocomposχtβsUG2020SGXbSGXdWWYXY 1

328 pδδβctsGoδGεr₃pπβnβGn₃nopl₃tβlβtsGonGcryst₃llχz₃tχonSGmβcπ₃nχc₃lGpβrδorm₃ncβG₃nαGmolβcul₃rG
αyn₃mχcsGoδGtπβGrβnβw₃−lβGpolyOpropylβnβGδur₃no₃tβPUG2020SGXcdSGXYYXbY 20

327 ”yntπβsχsG₃nαGnπ₃r₃ctβrχz₃tχonGoδG”χlχc₃Tno₃tβαGzxyπyαroxχαβGllumχnumVoopβαGPolymβrG
y₃nocomposχtβseGlGnomp₃r₃tχvβG”tuαyG₃nαGttsGlpplχc₃tχonG₃sG₃G”or−βntUG2020SGY]SG 3

326 oβvβlopmβntGoδGPolytπχopπβnβVPrussχ₃nG“βαGy₃nocomposχtβGwχtπGoχβlβctrχcSGPπotoc₃t₃lytχcG₃nαG
xβt₃lG”c₃vβnεχnεGPropβrtχβsUG2020SG[dSG[WXcT[WYb 7

325 ”pr₃yGpyrolysχsGoδGεr₃pπβnβGoxχαβG−₃sβαGcomposχtβGδorGoptχc₃lG₃nαGwβtt₃−χlχtyG₃pplχc₃tχonsUG2020SGbSGWZ]WY[ 0
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324 ”yntπβsχsGoδGPolyOYT₃mχnotπχ₃zolβPTno₃tβαGPolystyrβnβGP₃rtχclβsG₃nαG–πβχrGpxcβllβntGsεOttPG
lαsorptχonGPropβrtχβsUG2020SGXYSG 2

323 Pz””G₃nαGδluorχnβGcont₃χnχnεGn₃nostructurβαG−lockGcopolymβrfG”yntπβsχsGvχ₃G“lq–Gpolymβrχz₃tχonG
₃nαGχtsG₃pplχc₃tχonG₃sGπyαropπo−χcGco₃tχnεGm₃tβrχ₃lUG2020SGXZXSGXWdabd 9

322 ylyz”–“—n–—“poGpPz®±Tml”poGly–tnz““z”t pGnzl–tyr”UG2020SGYbSGXd]WYWY 1

321
tntβrδ₃cχ₃lGtntβr₃ctχonsSGnryst₃llχz₃tχonSG₃nαGxolβcul₃rGoyn₃mχcsGoδG“βnβw₃−lβGPolyOPropylβnβG
qur₃no₃tβPGtnG”χtuGqχllβαGwχtπGtnχtχ₃lG₃nαG”urδ₃cβGqunctχon₃lχzβαGn₃r−onGy₃notu−βsG₃nαGrr₃pπβnβG
zxχαβUG2020SGXY[SGXWYYWTXWYZ[

18

320 ”tuαyGoδGβtπyl−βnzβnβGoxχα₃tχonGovβrGpolymβrTsχlχc₃Gπy−rχαGsupportβαGnoGOttPG₃nαGnuGOttPGcomplβxβsUG
2021SGZb]SGaWXTaXZ 7

319 rrββnGonβTpotGsyntπβsχsG₃nαGcπ₃r₃ctβrχs₃tχonGoδGπy−rχαGrβαucβαGεr₃pπβnβGoxχαβVzβolχtχcGχmχα₃zolβG
δr₃mβworkTcGOrrzV²tqTcPUG2021SGXcSGZaZTZbZ 1

318 pv₃por₃tχonTαrχvβnGsβlδT₃ssβm−lyGoδG−χn₃ryG₃nαGtβrn₃ryGcolloχα₃lGpolymβrGn₃nocomposχtβsGδorG
₃−r₃sχonGrβsχst₃ntG₃pplχc₃tχonsUG2021SG]cXSGbYdTb[W 6

317 mχomχmβtχcGcorβTsπβllGsχlχc₃Gn₃nop₃rtχclβsGusχnεG₃Gαu₃lTδunctχon₃lGpβptχαβUG2021SG]cXSGXc]TXd[ 10

316 –πβrm₃lGst₃−χlχtyG₃nαG₃εβχnεGpropβrtχβsGoδGPPâ��PpGδχlmGmoαul₃tβαG−yGn₃noTsχlχc₃Gp₃rtχclβseG
comp₃rχsonG−βtwββnGαryG₃nαGmoχstGp₃rtχclβsUG2021SGbcSGZWbXTZWcc 3

315 nurrβntGst₃tusG₃nαGtβcπnχc₃lGcπ₃llβnεβsGoδGβlβctrolytβsGχnGzχncâ��₃χrG−₃ttβrχβseGlnGχnTαβptπGrβvχβwUG
2021SG[WcSGXYbY[X 22

314 ”βmχTtPysG“βχnδorcβαGwχtπG”χlχc₃Gu₃nusGy₃nop₃rtχclβsG₃nαG–πβχrG”trβssG”βnsχnεGwχtπG
xβcπ₃nolumχnβscβntGPro−βUG2021SG[YSGβYWWW[[Y 4

313 tncorpor₃tχonGoδGmβtπ₃cryloχso−utylGPz””GχnG−χoT−₃sβαGcopolymβrsG−yGnχtroxχαβGmβαχ₃tβαG
polymβrχz₃tχonGχnGorε₃nχcGsolutχonG₃nαGmχnχβmulsχonUG2021SGXZcSG]WWd] 5

312 nomposχtβGpolymβrGβlβctrolytβsGrβχnδorcβαG−yGπollowGsχlχc₃Gn₃notu−βsGδorGlχtπχumGmβt₃lG−₃ttβrχβsUG
2021SGaXcSGXXcadb 13

311 “₃tχon₃lGαβsχεnSGsyntπβsχsSG₃nαG₃pplχc₃tχonGoδGsχlχc₃Vεr₃pπβnβT−₃sβαGn₃nocomposχtβeGlGrβvχβwUG2021
SGXdcSGXWdZab 17

310 Prβp₃r₃tχonGoδGtπβrm₃lGconαuctχvβGPolyOmβtπylGmβtπ₃cryl₃tβPV”χlχconGnχtrχαβGn₃nocomposχtβsGvχ₃G
clχckGcπβmχstryUG2021SGYXYSGXYZYc] 10

309 lGrβvχβwGoδGsχlχconT−₃sβαG₃βroεβlGtπβrm₃lGχnsul₃tχonGm₃tβrχ₃lseGPβrδorm₃ncβGoptχmχz₃tχonGtπrouεπG
composχtχonG₃nαGmχcrostructurβUG2021SG]]ZSGXYW]Xb 17

308 Pπysχc₃lG₃nαGsupβrc₃p₃cχtχvβG−βπ₃vχorGoδGχnorε₃nχcâ��orε₃nχcGπy−rχαGc₃r−onGn₃noδχ−βrsGαβrχvβαGδromG
sχlolβUG2021SGYcZSGXYccWa 1

307 ”χmult₃nβousG₃tt₃χnmβntGoδGp₃rtχclβGαχspβrsχonG₃nαGsurδ₃cβGmoαχδχc₃tχonGoδGllYzZGn₃nop₃rtχclβsGvχ₃G
wβtâ��jβtGmχllχnεUG2021SG]]SG]YXT]ZW

(2021-2020)

85



306 oβsχεnG₃nαGsyntπβsχsGoδGnovβlGcπχtos₃nâ��−₃sβαGn₃nocomposχtβGcont₃χnχnεGmβsoporousGn₃nosχlχc₃G
xnxT[XeGpδδβctχvβG₃−sor−βntGδorGtπβGβlχmχn₃tχonGoδGP−GOttPGδromG₃quβousGsolutχonUG2021SG]ZSG[adT[cc 3

305 PolymβrGm₃sβαG²nzâ��”χzYGy₃nocomposχtβGqlβxχ−lβG”πββtsG₃sGsχεπGoχβlβctrχcGx₃tβrχ₃lsUG2021SGZXSGYWdTYXd 3

304 Pπotoc₃t₃lytχcGmβm−r₃nβGrβ₃ctorGδorGsχmult₃nβousGsβp₃r₃tχonG₃nαGpπotorβαuctχonGoδGnzYGtoG
mβtπ₃nolUG2021SG[]SGYZ]ZTYZaa 10

303 Poly₃mχαβVn₃nosχlχc₃Gn₃nocomposχtβeG₃GcπronχclβGoδGαβsχεnG₃nαGπχεπTtβcπGproεrβssχonsUGXTXY 2

302 nslP–p“G[ePolymβrâ��tnorε₃nχcGnolloχα₃lGy₃nocomposχtβsUG2021SGXYZTXaW

301 zptχc₃lG₃nαGtπβrm₃lGstuαχβsGoδGπostGPolyGOmβtπylGmβtπ₃cryl₃tβPGOPxxlPG−₃sβαGn₃nocomposχtβseGlG
rβvχβwUG2021SG[aSGY]a[TY]bX 1

300
”βlδT₃ssβm−lyGoδGtπβGc₃tχonχcGsurδ₃ct₃ntGTπβx₃αβcylTtrχmβtπyl₃mmonχumGcπlorχαβGχnG
mβtπyltrχmβtπoxysχl₃nβG₃quβousGsolutχoneGcl₃ssχc₃lG₃nαGrβ₃ctχvβGmolβcul₃rGαyn₃mχcsGsχmul₃tχonsUG
2021SGYZSGX[[caTX[[d]

2

299 qorm₃tχonGxβcπ₃nχsmGoδGxultχpurposβG”χlχc₃Gy₃noc₃psulβsUG2021SGZbSGdXcTdYb 2

298 yuclβotχαβGtntβr₃ctχonGwχtπG₃Gnπχtos₃nGw₃yβrGonG₃G”χlχc₃G”urδ₃cβeGpst₃−lχsπχnεGtπβGxβcπ₃nχsmG₃tGtπβG
xolβcul₃rGwβvβlUG2021SGZbSGX]XXTX]YW 4

297 sy−rχαGy₃noπyαroεβlseGoβsχεnG₃nαGlpplχc₃tχonsUG2021SGXZ]TX]W 1

296 tnnov₃tχvβGroutβGδorGtπβGprβp₃r₃tχonGoδGπχεπTpβrδorm₃ncβGpolyolβδχnGm₃tβrχ₃lsG−₃sβαGonGunχquβG
αβnαrχmβrχcGsχlχc₃Gp₃rtχclβsUG2021SGXYSG[][aT[]]a 3

295 PolymβrGn₃nocomposχtβsGδorGβnβrεyTrβl₃tβαG₃pplχc₃tχonsUG2021SGYX]TY[c

294 pxpβrχmβnt₃lGstuαyGonGtπβGβδδβctGoδGcomprβssχonGlo₃αGonGtπβGβl₃stχcGpropβrtχβsGoδGsoPpV”Wny–sG
n₃nocomposχtβsUG2021SGYbSGZ]XZTZ]YY 1

293 y₃noTδunctχon₃lχzβαGPolyc₃r−on₃tβGno₃tχnεsGδorGsβ₃tG”χnkGlpplχc₃tχonsUG2021SGZ[]TZbd

292 woc₃tχonG₃nαGoχspβrsχonGln₃lysχsUG2021SGXWdTX[[

291 “βcβntGlαv₃ncβsGχnGtπβG“βjβctχonGoδGpnαocrχnβToχsruptχnεGnompounαsGδromGW₃tβrG—sχnεG
xβm−r₃nβG₃nαGxβm−r₃nβGmχorβ₃ctorG–βcπnoloεχβseGlG“βvχβwUG2021SGXZSG 18

290 nrχtχc₃lGtssuβsGχnG®wPpTm₃sβαGPolymβrGy₃nocomposχtβsG₃nαG–πβχrGmlβnαsUG2021SGaZTcZ

289 Pro−χnεGtπβG”tructur₃lGoyn₃mχcsGoδGtπβGnoχlTrlo−ulβG–r₃nsχtχonGoδG–πβrmosβnsχtχvβGy₃nocomposχtβG
syαroεβlsUG2021SGZbSGX]ZXTX][X 4
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288 q₃−rχc₃tχonGoδGtπβrmorβsponsχvβGm₃εnβtχcGmχcβllβsGδromG₃mpπχpπχlχcGpolyOpπβnylGχsocy₃nχαβPG₃nαG
qβZz[Gn₃nop₃rtχclβsGδorGcontrollβαGαruεGrβlβ₃sβG₃nαGsynβrεχstχcGtπβrmocπβmotπβr₃pyUG2021SGXYSGYXZYTYX[W 6

287 nπ₃ptβrGZetnorε₃nχcâ��zrε₃nχcGsy−rχαseGxχmχckχnεGy₃tχvβGmonβUG2021SGXZ[TXbd

286 xχcro−χ₃lGPolyπyαroxy₃lk₃no₃tβsGrr₃nulβseGlnGlppro₃cπG–₃rεβtχnεGmχopolymβrGδorGxβαχc₃lG
lpplχc₃tχonsG₃nαGoβvβlopχnεGmonβG”c₃δδolαsUG2021SGYaSG 11

285 Pπospπ₃tβG“βmov₃lG—sχnεGPolyβtπylβnχmχnβGqunctχon₃lχzβαG”χlχc₃Tm₃sβαGx₃tβrχ₃lsUG2021SGXZSGX]WY 4

284 zptχc₃lG”tuαyGonGP lVPprGmlβnαGoopβαGwχtπGy₃noT”χlχc₃UG2021SG]WSGY]d[TYaW[ 4

283 tsotπβrm₃lGnryst₃llχz₃tχonGvχnβtχcsGoδGPolyOβtπylβnβGoxχαβPVPolyOβtπylβnβGεlycolPTTsχlχc₃G
y₃nocomposχtβsUG2021SGXZSG 0

282 y₃nosc₃lβG”trβssGoχstrχ−utχonGχnG”χlχc₃Ty₃nop₃rtχclβTqχllβαG“u−−βrG₃sGz−sβrvβαG−yG–r₃nsmχssχonG
plβctronGxχcroscopyeGtmplχc₃tχonsGδorG–χrβGlpplχc₃tχonUG2021SG[SG[[]YT[[aX 4

281 lGrβvχβwGoδGrβcβntGproεrβssGonGtπβGsχlχc₃G₃βroεβlGmonolχtπseGsyntπβsχsSGrβχnδorcβmβntSG₃nαG
₃pplχc₃tχonsUG2021SG]aSGXWcXYTXWcZZ 11

280 ”yntπβsχsGoδGqunctχon₃lχzβαG”tyrβnβGmut₃αχβnβG“u−−βrG₃nαGttsGlpplχc₃tχonsGχnG”m“â��”χlχc₃G
nomposχtβsGδorGsχεπGPβrδorm₃ncβG–χrβGlpplχc₃tχonsUG2021SGaWSG[]XbT[]Z] 8

279 tntroαuctχonGoδGPolymβrGy₃nocomposχtβsUG2021SGXTXd

278 PolymβrGn₃nocomposχtβsGwχtπG₃lχεnβαGtwoTαχmβnsχon₃lGm₃tβrχ₃lsUG2021SGXX[SGXWXZaW 14

277 ”tructur₃llyGoβsχεnβαGtmχnβG”kβlβt₃lGPyrβnylGPβnα₃ntGPyrχαχnβGnorβGPoly−βnzox₃zχnβGn”χzYVPm²G
sy−rχαGPolymβrGy₃nocomposχtβsUG2021SGZZSGbdZTcWX

276 Prβp₃r₃tχonGoδG’osk”χzTPprTwxPp–G₃nαGχtsGχnδluβncβGonGcryst₃llχz₃tχonG₃nαGlumχnβscβncβGoδG
polyβtπylβnβGtβrβpπtπ₃l₃tβUG2021SGZYSG 1

275 zptχc₃lGn₃nocomposχtβsGcont₃χnχnεGlowGrβδr₃ctχvβGχnαβxGxεqYGn₃nop₃rtχclβsUG2021SGd[SGXW[WZ 0

274 pδδβctGoδGsurδ₃cβGmoαχδχc₃tχonGoδGαχspβrsoχαGonGπy−rχαGpolymβrGβlβctrolytβUG2021SGdaSGXWbXXc 2

273 lG”tuαyGonGtπβGtntβrδ₃cχ₃lGnomp₃tχ−χlχtySGxχcrostructurβG₃nαGPπysχcoTnπβmχc₃lGPropβrtχβsGoδG
PolyχmχαβVzrε₃nχc₃llyGxoαχδχβαG”χlχc₃Gy₃nocomposχtβGxβm−r₃nβUG2021SGXZSG 3

272 oβnαrχtχcGδχ−rousGn₃nosχlχc₃Glo₃αβαGcπχtos₃nGδorGχmprovχnεGw₃tβrGv₃porGpβrmβ₃−χlχtyG₃nαG
₃ntχ−₃ctβrχ₃lGpropβrtχβsGoδGw₃tβr−ornβGpolyurβtπ₃nβG₃cryl₃tβGmβm−r₃nβsUG2021SGYdXSGXY]dYY 11

271 –₃χlorχnεGtntβrδ₃cχ₃lGPropβrtχβsGχnGPolymβrâ��”χlχc₃Gy₃nocomposχtβsGvχ₃G”urδ₃cβGxoαχδχc₃tχoneGlnG
ltomχstχcG”χmul₃tχonG”tuαyUG2021SGZSGY]baTY]cb 4
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270 nπ₃r₃ctβrχz₃tχonGoδGsy−rχαGx₃tβrχ₃lsGPrβp₃rβαG−yG”olTrβlGxβtπoαGδorGmχomβαχc₃lGtmplβmβnt₃tχonsUG
lGnrχtχc₃lG“βvχβwUG2021SGX[SG 10

269 qromG₃Gpl₃ntGsβcrβtχonGtoGtπβGpromχsχnεG−onβGεr₃δtseGnryoεβlsGoδGsχlχconTχntβεr₃tβαGquχncβGsββαG
mucχl₃εβG−yGmχcrow₃vβT₃ssχstβαGsolTεβlGrβ₃ctχonUG2021SGXZXSG[YWT[ZZ 4

268 –πβrm₃lG₃nαGmβcπ₃nχc₃lGpropβrtχβsGoδGstβrβocomplβxGpolyl₃ctχαβGβnπ₃ncβαG−yGn₃nosχlχc₃UG2021SG
YddSGXXaX 1

267 P₃ll₃αχumTn₃t₃lyzβαGO[GRG[PGlnnul₃tχonGoδG”χl₃cyclo−ut₃nβsG₃nαGYTtoαo−χ₃rβnβsGtoGpχεπtTxβm−βrβαG
”χl₃cyclβsGvχ₃Gnâ��sG₃nαGnâ��”χGmonαGlctχv₃tχonUG2021SGXXSG]bWZT]bWc 11

266 znβTpotGsyntπβsχsGoδGorε₃nχcGpolymβrGδunctχon₃lχzβαGmβsoporousGsχlχc₃sUG2021SGZXdSGXXXWZa 3

265 oβvβlopmβntGoδGcoχrTδχ−βrTrβχnδorcβαGn₃nocomposχtβGδorGsπβllGβcoGm₃r₃tπonGvβπχclβG−oαyG
₃pplχc₃tχonUG2021SG[bSG[d]WT[d]W 2

264
tnαχvχαu₃lGnontrχ−utχonsGoδGlαsor−βαG₃nαGqrββGnπ₃χnsGtoGxχcroscopχcGoyn₃mχcsGoδG—nβnt₃nεlβαG
polyOβtπylβnβGrlycolPV”χlχc₃Gy₃nocomposχtβGxβltsG₃nαGtπβGtmport₃ntG“olβGoδGpnαGrroupseG–πβoryG
₃nαG”χmul₃tχonUG2021SG][SG[[bWT[[cb

5

263 oβsχεnGoδGW₃tβrT–olβr₃ntG”olχαGlcχαseGlG–r₃αβTzδδGmβtwββnGsyαropπo−χcχtyG₃nαGlcχαG”trβnεtπG₃nαG
tπβχrGn₃t₃lytχcGPβrδorm₃ncβGχnGpstβrχδχc₃tχonUG2021SGY]SGYbdTZWW 2

262 no₃tχnεGtπβG“χεπtGPolymβreGlcπχβvχnεGtαβ₃lGxβt₃lâ��zrε₃nχcGqr₃mβworkGP₃rtχclβGoχspβrsχ−χlχtyGχnG
PolymβrGx₃trχxβsG—sχnεG₃Gnoorαχn₃tχvβGnrosslχnkχnεG”urδ₃cβGxoαχδχc₃tχonGxβtπoαUG2021SGXZZSGX[Y]bTX[Ya[ 3

261 ”χzGy₃nop₃rtχclβsTlcryl₃tβGqormul₃tχonsGδorGnorβG₃nαGnl₃ααχnεGχnGPl₃n₃rGzptχc₃lGW₃vβεuχαβsUG2021SG
XXSG

260 sy−rχαGcomposχtβGsor−βntsG−₃sβαGonG”χzYVPwrlGδorGqβOtttPGχonsGrβmov₃lUGX

259 no₃tχnεGtπβG“χεπtGPolymβreGlcπχβvχnεGtαβ₃lGxβt₃lTzrε₃nχcGqr₃mβworkGP₃rtχclβGoχspβrsχ−χlχtyGχnG
PolymβrGx₃trχxβsG—sχnεG₃Gnoorαχn₃tχvβGnrosslχnkχnεG”urδ₃cβGxoαχδχc₃tχonGxβtπoαUG2021SGaWSGX[XZcTX[X[] 11

258 Prβp₃r₃tχonG₃nαGpropβrtχβsGoδG₃GnβwG−χoT−₃sβαGβpoxyGrβsχnVαχ₃tomχtβGcomposχtβUG2021SGXcbSGXWd][X 5

257 znβTpotGprβp₃r₃tχonGoδGπyαropπo−χcGlχεnχnV”χzGn₃nop₃rtχclβsG₃nαGχtsGrβχnδorcχnεGβδδβctGonGsoPpUG
2021SGXcWSG]YZT]ZY 2

256 xβsoporousG”χlχc₃GP₃rtχclβsG₃sGoruεGoβlχvβryG”ystβmsT–πβG”t₃tβGoδGtπβGlrtGχnGwo₃αχnεGxβtπoαsG₃nαG
tπβG“βcβntGProεrβssGχnGln₃lytχc₃lG–βcπnχquβsGδorGxonχtorχnεG–πβsβGProcβssβsUG2021SGXZSG 16

255 qlowβrlχkβGxultχpβt₃lG”tructurβsGoδGy₃nop₃rtχclβsGoβcor₃tβαG−yGlmpπχpπχlχcGsomopolymβrsUG2021SG
][SGaYc]TaYd] 3

254 lαv₃ncβαGn₃tur₃lGδχ−rβT−₃sβαGδullyG−χoαβεr₃α₃−lβG₃nαGrβnβw₃−lβGcomposχtβsG₃nαGn₃nocomposχtβseG
₃GcomprβπβnsχvβGrβvχβwUG2021SGXYSGXbcTXdZ 4

253 ”yntπβsχsSGδunctχon₃lχz₃tχonSG₃nαGβnvχronmβnt₃lG₃pplχc₃tχonGoδGsχlχc₃T−₃sβαGmβsoporousGm₃tβrχ₃lsGoδG
tπβGx[X”G₃nαG”mlTnGδ₃mχlχβseGlGrβvχβwUG2021SGdSGXW]Y]d 24
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252 xβcπ₃nχc₃lG₃nαGtπβrm₃lGpropβrtχβsGoδGsβpχolχtβGstrβnεtπβnβαGtπβrmopl₃stχcGpolymβrG
n₃nocomposχtβseGlGcomprβπβnsχvβGrβvχβwUG2021SG 9

251
–πβGsyntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGpolyorε₃nosχlox₃nβGn₃nop₃rtχclβsGδromG
ZTmβrc₃ptopropyltrχmβtπoxysχl₃nβGδorGprβp₃r₃tχonGoδGn₃nocomposχtβGδχlmsGvχ₃Gpπotoχnχtχ₃tβαG
tπχolTβnβGpolymβrχz₃tχonUG2021SG[]SGbaXTbb[

1

250 PrχntχnεG₃nαGcπ₃r₃ctβrχz₃tχonGoδGtπrββTαχmβnsχon₃lGπχεπTlo₃αβαGn₃nocomposχtβsGstructurβsUG2021SG
ZSGβY]a 0

249 lllGχnGonβeG–πβGprβp₃r₃tχonGoδGpolyβstβrVsχlχc₃Gπy−rχαGn₃nocomposχtβsGvχ₃GtπrββGαχδδβrβntGmβt₃lTδrββG
clχckGrβ₃ctχonsUG2021SGX][SGXXW]ZY 6

248 xorpπoloεχc₃lGln₃lysχsGoδGP”xlVPptGnorβT”πβllGy₃nop₃rtχclβsG”yntπβsχzβαG−yG”o₃pTqrββGpmulsχonG
Polymβrχz₃tχonUG2021SGXXSG 0

247 tncorpor₃tχonGoδGxβt₃lTm₃sβαGy₃no₃ααχtχvβsGχntoGtπβGPwlGx₃trχxeGpδδβctGoδG”urδ₃cβGPropβrtχβsGonG
lntχ−₃ctβrχ₃lGlctχvχtyG₃nαGxβcπ₃nχc₃lGPβrδorm₃ncβGoδGPwlGy₃no₃ααχtχvβGqχlmsUG2021SGYaSG 6

246 zχlGoχspl₃cβmβntGpδδχcχβncyGoδG₃G”χlχc₃VsPlxGy₃noπy−rχαUG2021SGZ]SGXZWbbTXZWc] 1

245 ”tructurβTpropβrtχβsGrβl₃tχonGχnGtπβrmopl₃stχcGpolymβrVsχlχc₃Gn₃nocomposχtβsGχnGprβsβncβGoδGstβ₃rχcG
₃cχαG₃sGmoαχδχβrG₃εβntUG2021SGYaSGaW[TaXb 0

244 sχεπTstr₃χnTr₃tβGmβcπ₃nχc₃lGpβrδorm₃ncβGoδGp₃rtχclβTG₃nαGδχ−βrTrβχnδorcβαGpolymβrGcomposχtβsG
mβ₃surβαGwχtπGsplχtGsopkχnsonG−₃reGlGrβvχβwUG2021SG[YSG[dZY 2

243 qχ−βrTtχpGpolymβrGcl₃mpβαT−β₃mGpro−βGδorGπχεπTsβnsχtχvχtyGn₃noδorcβGmβ₃surβmβntsUG2021SGXWSGXbX 17

242 ”βmχqu₃ntχt₃tχvβG”olχαT”t₃tβGyx“G”tuαyGoδGtπβGlαsorptχonGoδG”oy−β₃nGzχlsGonG”χlχc₃G₃nαGttsG
”χεnχδχc₃ncβGδorG“u−−βrGProcβssχnεUG2021SGZbSGXWYdcTXWZWb 1

241 ”tructurβG₃nαGoyn₃mχcsGoδGsχεπlyGlttr₃ctχvβGPolymβrGy₃nocomposχtβsGχnGtπβG”βmχToχlutβG“βεχmβeG
–πβG“olβGoδGtntβrδ₃cχ₃lGoom₃χnsG₃nαGmrχαεχnεGnπ₃χnsUG2021SGXZSG 0

240 pmβrεχnεGopportunχtχβsGoδGsχlχc₃T−₃sβαGm₃tβrχ₃lsGwχtπχnGtπβGδooαGχnαustryUG2021SGXabSGXWaZXc 6

239 xχcrostructur₃lG₃n₃lysχsGoδGZoGπχβr₃rcπχc₃lGcomposχtβsGoδGπyαrot₃lcχtβTco₃tβαGsχlχc₃GmχcrospπβrβsUG
2021SGZYZSGXXXY[b 0

238 pnπ₃ncβmβntGoδGtπβrm₃lG₃nαGmβcπ₃nχc₃lGpropβrtχβsGoδGPxxlGcomposχtβsG−yGχncorpor₃tχnεG
mβsoporousGmχcroTsχlχc₃G₃nαGrzUG2021SGXXSGXWWYWZ 2

237 nπχtos₃nGolχεos₃ccπ₃rχαβVsχlχc₃Gn₃nop₃rtχclβsGπy−rχαGporousGεβlGδorGmβrcuryG₃αsorptχonG₃nαG
αβtβctχonUG2021SGYcSGXWYbWb 2

236 nryst₃llχz₃tχonGoδGPolyβtπylβnβGmrusπβsG₃nαGttsGpδδβctGonGtntβr₃ctχonsGwχtπGW₃tβrUG2021SG][SGcZWZTcZXZ

235 zrε₃nχcâ��χnorε₃nχcGπy−rχαGδunctχon₃lGm₃tβrχ₃lsG−yGnχtroxχαβTmβαχ₃tβαGpolymβrχz₃tχonUG2021SGXYXSGXWX[Z[ 2
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234 ”χzβTαβpβnαβntGαχssocχ₃tχonGoδGsurδ₃cβGπyαroxylGεroupsGoδGsχlχc₃GχnG₃quβousGsolutχonUG2021SGaYdSGXYb[[a 0

233 zptχc₃lGpropβrtχβsGoδGcomposχtβsG−₃sβαGonGpolyβtπylβnβG₃nαGmonoclχnχcG±YzZepuZRGn₃nop₃rtχclβsUG
2021SGYbZSGXY]X[W 1

232 w₃yβrT−yTl₃yβrG₃ssβm−lyGoδGn₃noδχlmsGδromGcolloχα₃llyGst₃−lβG₃mχnβTδunctχon₃lχzβαGsχlχc₃G
n₃nop₃rtχclβsUG2021SGaZWSGXYbaX] 0

231 —nαβrst₃nαχnεGχnαβnt₃tχonSGscr₃tcπG₃nαGwβ₃rG−βπ₃vχorGoδG— TcurβαGwooαGδχnχsπχnεGproαuctsUG2021SG
XaXSGXWa]W[ 0

230 znβTstβpGδorm₃tχonGoδGcorβVsπβllGstructurβG−₃sβαGonGπyαropπo−χcGsχl₃nβGlχε₃nαsGδorGβnπ₃ncβαG
lumχnβscβntGpβrovskχtβGqu₃ntumGαotsUG2021SGccaSGXaXZ[b 2

229 n’osTxo”YG’osGlo₃αβαGonGoβnαrχtχcGδχ−rousGy₃nosχlχc₃Vsyαropπo−χcGw₃tβr−ornβGpolyurβtπ₃nβG
₃cryl₃tβGδorG₃ntχ−₃ctβrχ₃lGco₃tχnεsUG2022SG[YdSGXZYXbW 13

228 lαv₃ncβαG₃pplχc₃tχonsG₃nαGcurrβntGst₃tusGoδGεrββnGn₃notβcπnoloεyGχnGtπβGβnvχronmβnt₃lGχnαustryUG
2022SGZWZTZ[W

227 ”olχαGc₃t₃lystsGδorGβnvχronmβnt₃llyG−βnχεnGsyntπβsχsUG2022SGYZTcW

226 oχβlβctrχcG₃nαGoptχc₃lGpropβrtχβsGoδG₃lumχn₃G₃nαGsχlχc₃Gn₃nop₃rtχclβsGαχspβrsβαGpolyOmβtπylG
mβtπ₃cryl₃tβPGm₃trχxT−₃sβαGn₃nocomposχtβsGδorG₃αv₃ncβαGpolymβrGtβcπnoloεχβsUG2021SGYcSGX 15

225 ”tr₃wVy₃noTlααχtχvβGsy−rχαsG₃sGqunctχon₃lGqχllβrsGδorGy₃tur₃lG“u−−βrGmχocomposχtβsUG2021SGX[SG 3

224 lpplχc₃tχonGoδGδluorβscβncβGtβcπnχquβGδorGunαβrst₃nαχnεGδχlmGδorm₃tχonGδromGpolymβrGl₃tβxβsG₃nαG
composχtβsUG2021SGYaZTZ]b

223 rrββnGsyntπβsχsGoδGn₃noTllYzZSGrβcβntGδunctχon₃lχz₃tχonSG₃nαGδ₃−rχc₃tχonGoδGsyntπβtχcGorGn₃tur₃lG
polymβrGn₃nocomposχtβseGv₃rχousGtβcπnoloεχc₃lG₃pplχc₃tχonsUG2021SG[]SG[cc]T[dYW 4

222 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδGnπχtos₃nTsoαχumGtχt₃n₃tβGn₃nocomposχtβG−β₃αsGδorGsβp₃r₃tχonGoδG
r₃αχonuclχαβsGδromG₃quβousGr₃αχo₃ctχvβGw₃stβUG2021SGZYbSGadXTadc 2

221 y₃notβcπnoloεyeGlG”copβGδorG₃G”ust₃χn₃−lβGquturβUG2021SGXaYbTXa[d

220 xolβcul₃rGmo−χlχtyG₃nαGcryst₃llχz₃tχonGoδGrβnβw₃−lβGpolyOβtπylβnβGδur₃no₃tβPGδχllβαGwχtπGc₃r−onG
n₃notu−βsG₃nαGεr₃pπβnβGn₃nop₃rtχclβsUG2021SGXbSG]cX]T]cYc 3

219 qunctχon₃lχzβαGsχlχc₃Gn₃nop₃rtχclβseGcl₃ssχδχc₃tχonSGsyntπβtχcG₃ppro₃cπβsG₃nαGrβcβntG₃αv₃ncβsGχnG
₃αsorptχonG₃pplχc₃tχonsUG2021SGXZSGX]ddcTXaWXa 14

218 norβGTG”πβllGy₃nostructurβseG”c₃l₃−lβSGznβT”tβpGlβrosolG”yntπβsχsG₃nαGtnT”χtuG”χzYGno₃tχnεG₃nαG
qunctχon₃lχz₃tχonGoδG–χzYG₃nαGqβYzZGy₃nop₃rtχclβsUGXTXY 1

217 qunctχon₃lχz₃tχonGoδG²χrconχumGzxχαβG”urδ₃cβsUGXacTXdd 1
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216 mχomβαχc₃lGn₃notβcπnoloεyUG2011SGbYaSGXTXZ 4

215 yonlχnβ₃rG χscoβl₃stχcχtyGχnG–πrββGoχmβnsχon₃lGqχllβrG“βχnδorcβαG“u−−βrGnomposχtβsG₃nαG
y₃nocomposχtβsUG2014SG]dTcZ 1

214 ”yntπβsχsG₃nαGlpplχc₃tχonGoδG”χlχc₃Gy₃nop₃rtχclβsTm₃sβαGmχoπy−rχαG”or−βntsUG2018SGXaXTXcY 2

213 PolymβrGm₃trχxGn₃nocomposχtβsGδorGπβ₃vyGmβt₃lG₃αsorptχoneG₃GrβvχβwUG2020SGXbSGXY]dTXYcX 9

212 nontrollχnεGtπβGoχ₃mβtβrsGoδG”χlχc₃Gy₃noδχ−βrsGz−t₃χnβαG−yG”olâ��rβlVplβctrospχnnχnεGxβtπoαsUG2012SG
[]SG[ZaT[[W 6

211 tmp₃ctGoδGχnorε₃nχcGn₃nop₃rtχclβsGonGoptχc₃lGpropβrtχβsGoδGlowGrβδr₃ctχvβGχnαβxGw₃vβεuχαχnεG
polymβrsUG2020SGXWSGYdcb 2

210 ”yntπβsχsGoδGzrε₃nχcTtnorε₃nχcGy₃noπy−rχαsG—sχnεGppoxyTqunctχon₃lχzβαGllkoxysχl₃nβG₃nαG–πβχrG
PropβrtχβsUG2014SGX]SGadTba 1

209 plβctrocπβmχc₃lGoβposχtχonGoδGPolypyrrolβGy₃nostructurβsGδorGpnβrεyGlpplχc₃tχonseGlG“βvχβwUG2020SG
XaSG[aYT[bb 12

208 lnGzvβrvχβwGoδGplβctrχc₃llyGnonαuctχvβGPolymβrGy₃nocomposχtβsGtow₃rαGplβctrom₃εnβtχcG
tntβrδβrβncβG”πχβlαχnεUG2018SG 67

207 y₃nocomposχtβsGδorGqooαGP₃ck₃εχnεGlpplχc₃tχonseGlnGzvβrvχβwUG2020SGXXSG 34

206 yβwGy₃noπy−rχαGm₃sβαGonGsyαrolyzβαGPoly₃cryl₃mχαβG₃nαG”χlχc₃Gy₃nop₃rtχclβseGxorpπoloεχc₃lSG
”tructur₃lG₃nαG–πβrm₃lGPropβrtχβsUG2020SGXYSG 14

205 zptχc₃lGn₃nosβnsorGαβsχεnGδorGtπβGαβtβctχonGoδGπβ₃vyGmβt₃lsGusχnεGcπ₃lconβGχsotπχocy₃n₃tβG
βm−βααβαGχntoGmβsoporousGsχlχc₃tβsUG2014SGXSG[W 2

204 sy−rχαGorε₃nχcTχnorε₃nχcGmβsoporousGsχlχc₃tβsG₃sGoptχc₃lGn₃nosβnsorGδorGtoxχcGmβt₃lsGαβtβctχonUG
2014SGXSGb[ 2

203 ”tructurβG₃nαGPropβrtχβsGoδGqunctχon₃lχzβαGPorousG”χlχc₃Gsy−rχαGx₃tβrχ₃lsUG2014SGW[SGZ]T[Z 11

202 ”yntπβsχsG₃nαGplβctrocπβmχc₃lGnπ₃r₃ctβrχz₃tχonGoδG”χlχc₃Tx₃nε₃nβsβGzxχαβGwχtπG₃GnorβTsπβllG
”tructurβG₃nαG ₃rχousGzxχα₃tχonG”t₃tβsUG2011SGZYSGYacZTYacc 8

201 PrβcχsβG”χzβTcontrolGoδG”χlχc₃Gy₃nop₃rtχclβsGvχ₃GllkoxyGpxcπ₃nεβGpquχlχ−rχumGoδG–βtr₃βtπylG
zrtπosχlχc₃tβGO–pz”PGχnGtπβGxχxβαGllcoπolG”olutχonUG2012SGZZSGXWabTXWbW 17

200 y₃noβnεχnββrχnεGwχtπG“lq–GpolymβrseGδromGn₃nocomposχtβGαβsχεnGtoG₃pplχc₃tχonsUG 1

199 sm₃llT₃nεlβG®Tr₃yGsc₃ttβrχnεGstuαχβsGαurχnεGtπβGδorm₃tχonGoδGpolymβrVsχlχc₃Gn₃nocomposχtβGp₃rtχclβsG
χnG₃quβousGsolutχonUG2021SGXYSGX[YccTX[ZWW 0

(2021-2011)
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198 pcoT−βnχεnGP lV₃lumχnumGpπospπ₃tβG₃sG₃nG₃ltβrn₃tχvβGtoGδorm₃lαβπyαβT−₃sβαG₃απβsχvβsGχnG
wooαT−₃sβαGp₃nβlsUUG2021SGXXSGZ[[XaTZ[[YZ 0

197 “βcβntGtrβnαsG₃nαG₃pplχc₃tχonsGχnGtπβGrβsβ₃rcπG₃nαGαβvβlopmβntG₃ctχvχtχβsGoδGrβαχspβrsχ−lβGpowαβreG
₃GvχsχonGoδGtwβntyTδχrstGcβnturyUGX

196 yβwGtnsχεπtsGχntoG”βεmβnt₃lGP₃ckχnεSGnπ₃χnGoyn₃mχcsG₃nαG–πβrmomβcπ₃nχc₃lGPβrδorm₃ncβGoδG
llχpπ₃tχcGPolyurβ₃GnomposχtβseGnomp₃rχsonG−βtwββnG”χlχc₃GzxχαβsG₃nαG–χt₃nχumGOtttPGzxχαβsUGYXWW]cY 0

195 nomposχtβGqχlmsGoδGsoPpGwχtπG”χzG₃nαG²rzGy₃nop₃rtχclβseG–πβG”tructurβG₃nαGtntβrδ₃cχ₃lGpδδβctsUG
2021SGXXSG 0

194 Pπotoc₃t₃lytχcT”orptχonGProcβssβsGδorGtπβG“βmov₃lGoδGPollut₃ntsGδromGW₃stβw₃tβrGusχnεGPolymβrG
xβt₃lGzxχαβGy₃nocomposχtβsG₃nαGlssocχ₃tβαGpnvχronmβnt₃lG“χsksUG2021SGXWW]da 2

193 llkynβTP₃ll₃αχumOttPTn₃t₃lyzβαGwχvχnεGPolymβrχz₃tχonGoδGtsocy₃nχαβseGlnGpxplor₃tχonGoδGoχvβrsβG
”tructurβsG₃nαGqunctχonsUG2021SG][SGZd]ZTZdab 24

192 lGnomp₃r₃tχvβG”tuαyGonGsβx₃v₃lβntGnπromχumGlαsorptχonGontoGnπχtos₃nG₃nαGnπχtos₃nTm₃sβαG
nomposχtβsUG2021SGXZSG 4

191 ”umGqrβquβncyGrβnβr₃tχonG”pβctroscopyGδorG—nαβrst₃nαχnεGtπβGPolymβrGoyn₃mχcsG₃tGmurχβαG
tntβrδ₃cβsUG2021SGYYbTY]c

190 q₃−rχc₃tχonGoδGπχεπlyGcrosslχnkβαG₃nαGmonoαχspβrsβαGsχlχconTcont₃χnχnεGpolymβrχcGmχcrospπβrβsGvχ₃G
pπotoTχnχtχ₃tβαGpolymβrχz₃tχonG₃nαGtπβχrG₃pplχc₃tχonGχnGc₃pχll₃ryGlχquχαGcπrom₃toεr₃pπyUG2021SGXa]dSG[aYa[Z 0

189 ”χlχc₃T−₃sβαGy₃nostructurβαGPorousGmχom₃tβrχ₃lsUG2010SGXTZW

188 zrε₃nχcTtnorε₃nχcGsy−rχαGP₃rtχclβsGeUG2010SGcZSGXbXTXbb 1

187 ”yntπβsχsGoδGlmpπχpπχlχcG”χlχc₃Gy₃nocomposχtβsUG2011SGYaSGXWc]TXWcd

186 P“pPl“l–tzyGlyoGnsl“ln–p“t²l–tzyGzqG”twtnlVPxxlGnzxPz”t–p”GWt–sGstrsw±Got”Pp“”poG
”twtnlâ��jjjot”Pp“”tmtwt–±UG2012SGWXYSG]YcT]ZZ

185 y₃noχmprχntχnεGP₃ttβrnGqorm₃tχonG—sχnεGPπotoTnur₃−lβGlcryl₃tβGnomposχtβsUG2012SGZaSG]ZaT][X

184 PolymβrV”χzYGy₃nocomposχtβGnolloχαsUG2012SG]dZTaZb

183 xoαχδχc₃tχonGoδGy₃nosχlχc₃G”urδ₃cβsG−yGxβtπylGxβtπ₃cryl₃tβGzlχεomβrsUG2015SGXc]TXdX 0

182 tntroαuctχonG₃nαG−₃ckεrounαUG2015SGZT]X

181 zrε₃nχcâ��tnorε₃nχcGmχoTsy−rχαGx₃tβrχ₃lsG−yG”olrβlGProcβssχnεUG2015SGZdTaW

Citation Report

92



180 zrε₃nχcGxoαχδχc₃tχonGoδGsyαroxyl₃tβαGy₃nop₃rtχclβseG”χlχc₃SG”βpχolχtβSG₃nαGPolys₃ccπ₃rχαβsUG2016SGXWaXTXXWW

179 Prβp₃r₃tχonGoδGsy−rχαGPolymβrGP₃rtχclβsGnont₃χnχnεG²rzYGy₃nop₃rtχclβsUG2016SGcdSGcaTdY

178 lαv₃ncβGχnGy₃nocomposχtβsGm₃sβαGonGsy−rχαGzrε₃noT”χlχc₃tβGx₃trχxUG2016SGXWSG[]T]Z 0

177 –πβrm₃lGst₃−χlχtyGoδGorε₃nχcTχnorε₃nχcGn₃nocomposχtβsG−₃sβαGonGsystβmGoδG
αχmβtπ₃cryl₃tβTtβtr₃βtπoxysχl₃nβG₃nαGtπβχrGkχnβtχcGδβ₃turβsUG2016SGZcSGYXXTYXb

176 ”yntπβsχsG₃nαGnπ₃r₃ctβrχz₃tχonGoδGwowTnostGppoxyTm₃sβαGprosχonG“βsχst₃ntGy₃nocomposχtβG
no₃tχnεUGXYSGZZdTZ[Z 0

175 –sp“xlwG”–lmtwt–±GzqGz“rlytnTtyz“rlytnGnzxPz”t–p”Gml”poGzyG
otxp–sln“±wl–pT–p–“lp–sz®±”twlypG”±”–pxUG2017SGXXSGX]cTXa] 1

174 ”ust₃χn₃−lβGrrββnGy₃nocomposχtβsGδromGm₃ctβrχ₃lGmχopl₃stχcsGδorGqooαTP₃ck₃εχnεGlpplχc₃tχonsUGYYdTY]b 1

173 lαv₃ncβαGy₃notπβr₃pβutχcG”ystβmsGδorGoruεGoβlχvβryG₃nαGtm₃εχnεGχnGn₃ncβrUG2018SGXTYX

172 –πβGχnδluβncβGoδGpolymβrχcGm₃trχxGstructurβGonGtπβGkχnβtχcG₃nαGtπβrmomβcπ₃nχc₃lGpropβrtχβsGoδG
orε₃nχcTχnorε₃nχcGcomposχtβsG−₃sβαGonG–pz”UG2018SGdSGXaTY]

171 pδδβctGoδGy₃nostructurβαGPolyπβαr₃lGzlχεomβrχcG”χlsβsquχoxonβGonGsχεπGPβrδorm₃ncβG
PolyOurβtπ₃nβTtmχαβPUGXZZTX[c

170 y₃noTδunctχon₃lχzβαGPolyc₃r−on₃tβGno₃tχnεsGδorGsβ₃tG”χnkGlpplχc₃tχonsUG2019SGXTZ]

169 ”olTεβlGprocβssβαG”upβrπyαropπo−χcGPl₃stχcG”urδ₃cβsGxoαχδχβαGwχtπGPβrδluorooctyltrχβtπoxysχl₃nβG
OPz–”PUG2019SGYYSG 2

168 pnπ₃ncβmβntGoδGtπβrm₃lG₃nαGχnsul₃tχonGpropβrtχβsGoδG˛–llYzZVPltGπy−rχαGm₃tβrχ₃lsGprβp₃rβαG−yG
surδ₃cβTmoαχδχβαG˛–TllYzZUG2019SGYWSGdYTdd

167 ryPGk₃tk˜–l˜–Gsχ−rχtGP mT–pz”Gy₃noδχ−βrlβrχnGˆ�rβtχmχGvβGv₃r₃ktβrχz₃syonuUGXWXTXWa

166 ”χlχc₃T”upportβαG”ulδurχcGlcχαG₃sGoopχnεGlεβntGχnG”yntπβsχsGoδG₃GyβwGnomposχtβGoδG
PolyOoTmβtπoxy₃nχlχnβPG—nαβrG”olχαT”t₃tβGnonαχtχonUGXbSGXX]TXYa

165 tmprovχnεGpβrδorm₃ncβGoδGw₃tβrT−₃sβαGαrχllχnεGδluχαG₃tGβlβv₃tβαGtβmpβr₃turβsGusχnεG
αχ₃tomχtβVpoly₃cryl₃mχαβGn₃nocomposχtβUGXTYW 0

164 tncorpor₃tχonGoδG₃lkylTδunctχon₃lχzβαGsχlχc₃Gn₃nop₃rtχclβsGχntoGπyαropπχlχcGβpoxyG₃nαGπyαropπo−χcG
polystyrβnβGm₃trχcβsUG]XcYc 0

163 Wβ₃r₃−lβGmβm−r₃nβsGδromGzχrconχumToxoGclustβrsGcrossTlχnkβαGpolymβrGnβtworksGδorGultr₃δ₃stG
cπβmχc₃lGw₃rδ₃rβG₃εβntsGαβcont₃mχn₃tχonUG2021SG 1

(2021-2016)
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162 xχcrostructurβG₃nαGs₃rαnβssGoδGPorousGx₃εnβsχumGProcβssβαG−yGPowαβrGxβt₃llurεyG—sχnεG
PolystyrβnβG₃sGtπβG”p₃cβGsolαβrUG2020SGZcbTZdX

161 y₃tur₃lG“u−−βrVrr₃pπβnβGy₃nocomposχtβsG₃nαG–πβχrGlpplχc₃tχonsUG2021SGYWZTYYW

160 y₃notβcπnoloεyeGlG”copβGδorG₃G”ust₃χn₃−lβGquturβUG2021SGXTY[

159 Prβp₃r₃tχonGoδGcylχnαβrTlχkβGpolystyrβnβTsχlχc₃GcomposχtβGp₃rtχclβsUG2020SGYXXSGXYZWd[ 3

158 ²χrconχ₃TαχspβrsβαGpolyβtπylβnβGεlycolGcomposχtβsGwχtπG₃GlowGtβmpβr₃turβTαβεr₃α₃tχonGr₃tβUG2021SG
XZcSG]WZc[ 0

157 y₃nocomposχtβGorε₃nχcGco₃tχnεsGδorGcorrosχonGprotβctχonGoδGmβt₃lseGlGrβvχβwGoδGrβcβntG₃αv₃ncβsUG
2022SGXaYSGXWa]bZ 9

156 xβcπ₃nχc₃lGPropβrtχβsGoδGy₃nocl₃yGnomposχtβGx₃tβrχ₃lsUG2020SGdXTXXX

155 tmprovβmβntGχnGtπβGtπβrm₃lG₃nαGmβcπ₃nχc₃lGpropβrtχβsGoδGPPVnl₃yGn₃nocomposχtβGusχnεGnovβlG
βtπoxyl₃tβαGoxχαχzβαGPpGw₃xG₃sG₃Gcomp₃tχ−χlχzβrUG 0

154 –πβrm₃lG”t₃−χlχtyGtnvβstχε₃tχonGoδG”yntπβsχzβαGppoxyTPolyurβtπ₃nβV”χlχc₃Gy₃nocomposχtβsUGX 2

153 Polyβlβctrolytβâ��n₃nocomposχtβGδorGβnπ₃ncβαGoχlGrβcovβryeGχnδluβncβGoδGn₃nop₃rtχclβGonGrπβoloεySG
oχlGrβcovβryG₃nαGδorm₃tχonGα₃m₃εβUGX 0

152 xultχδunctχon₃lGpolyβtπylβnβGχmχnβGπy−rχαsGαβcor₃tβαG−yGsχlχc₃G−χo₃ctχvβGεl₃ssGwχtπGβnπ₃ncβαG
mβcπ₃nχc₃lGpropβrtχβsSG₃ntχ−₃ctβrχ₃lSG₃nαGostβoεβnβsχsGδorG−onβGrβp₃χrUG2021SGXZXSGXXY]Z[ 1

151 lpplχc₃tχonGoδGy₃nosχlχc₃GχnGrlycβrolTm₃sβαGorχllχnεGqluχαGδorG”π₃lβGqorm₃tχonsUG2021SGZaSG[bZT[cY 1

150 Prβp₃r₃tχonGoδGδunctχon₃lGpolyGOvχnylG₃cβt₃tβPT”χlχc₃Gn₃nocomposχtβsG−yGπy−rχαGsolTεβlGprocβssUG2021SG
[cSGaWdbTaWdb 0

149 lαv₃ncβsGχnGqunctχon₃lGmχopolymβrTm₃sβαGy₃nocomposχtβsGδorGlctχvβGqooαGP₃ck₃εχnεGlpplχc₃tχonsUG
2021SGXZSG 4

148 xβsoporβGnontrolsGtπβG“βsponsβsGoδGmlooαGnlotTtmmunβGnomplβxGvχ₃Gxoαul₃tχnεGqχ−rχnGyβtworkUG
2021SGβYXWZaWc 3

147 xzqTχnorε₃nχcGn₃nocomposχtβseGmrχαεχnεG₃Gε₃pGwχtπGχnorε₃nχcGm₃tβrχ₃lsUG2021SGYaSGXWXYcZ 1

146 tmprovχnεGtπβGmβcπ₃nχc₃lGpβrδorm₃ncβGoδGPOyTπyαroxymβtπylG₃cryl₃mχαβV₃crylχcG
₃cχαVYT₃cryl₃mχαoTYTmβtπylprop₃nβsulδonχcG₃cχαPGπyαroεβlGvχ₃Gπyαropπo−χcGmoαχδχβαGn₃nosχlχc₃UG]Xdcb 1

145 pδδβctsGoδGmβsoporousGsχlχc₃Gp₃rtχclβGsχzβG₃nαGporβGstructurβGonGtπβGpβrδorm₃ncβGoδG
polymβrTmβsoporousGsχlχc₃GmχxβαGm₃trχxGmβm−r₃nβsUUG2021SGXXSGZa]bbTZa]ca 1
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144 “olβGoδG”urδ₃cβGxoαχδχc₃tχonGχnG”yntπβsχsGoδG”tructur₃llyGWβllToβδχnβαG”χlχc₃Gy₃nop₃rtχclβsGδorGzχlG
₃nαGr₃sGlpplχc₃tχonsUG2021SGYdZTZWY

143 nov₃lβntlyGχntβεr₃tβαGsχlχc₃Gn₃nop₃rtχclβsGχnGpolyOβtπylβnβGεlycolPT−₃sβαG₃cryl₃tβGrβsχnseG
tπβrmomβcπ₃nχc₃lSGswβllχnεSG₃nαGmorpπoloεχc₃lG−βπ₃vχorUUG2022SG 1

142 —nχquβGstχδδnβssTαβδorm₃−χlχtyGδβ₃turβsGoδGαβnαrχmβrχcGsχlχc₃GrβχnδorcβαGsoPpGn₃nocomposχtβsG
o−t₃χnβαG−yG₃nGχnnov₃tχvβGroutβUG2022SGZZXSGXXXaXd 0

141 pnπ₃ncβαGm₃rVscr₃tcπGrβsχst₃ncβGχnG₃utomotχvβGclβ₃rGco₃tχnεsG−yGmoαχδyχnεGcrosslχnkβαG
polyurβtπ₃nβGnβtworkGwχtπG−r₃ncπβαGδlβxχ−lβGolχεomβrsUG2022SGXaZSGXWaaac 2

140 PolymβrTmβt₃lTorε₃nχcGδr₃mβworkGπy−rχαsGδorG−χoχm₃εχnεG₃nαGc₃ncβrGtπβr₃pyUG2022SG[]aSGYX[ZdZ 3

139 plβctronGmχcroscopyGδorGpolymβrGstructurβsUUG2022SGbXSGχX[cTχXa[ 0

138 Prβp₃r₃tχonG₃nαGnπ₃r₃ctβrχz₃tχonGoδGoχβnβG“u−−βrsV”χlχc₃GnomposχtβsGvχ₃G“β₃ctχonsGoδGsyαroxylG
rroupsG₃nαGmlockβαGPolyχsocy₃n₃tβsUUG2022SGX[SG 0

137 quturβGαβvβlopmβntSGprospβctχvβSG₃nαGcπ₃llβnεβsGχnGtπβG₃pplχc₃tχonGoδGεrββnGn₃nocomposχtβsGχnG
βnvχronmβnt₃lGrβmβαχ₃tχonUG2022SG[cZT]XX

136 rrββnGy₃nocomposχtβsGoδGy₃tur₃lG“u−−βrVGzlχvχnβGy₃nosχlχc₃eG χscoβl₃stχcSGxβcπ₃nχc₃lSG–r₃nsportG
₃nαG–πβrm₃lGnπ₃r₃ctβrχz₃tχonsUGX

135 “olβGoδGpolymβrTδχllβrGχntβr₃ctχonGonGxεOGzsGPGYG₃nαG₃lumχn₃Gtrχπyαr₃tβTlo₃αβαGβtπylβnβGpropylβnβG
αχβnβGmonomβrG−₃sβαGpolymβrGcomposχtβGδorGπχεπGvolt₃εβGχnsul₃tχonG₃pplχc₃tχonUG]YXa[ 0

134 mχom₃ssG₃ntχoxχα₃ntGsχlχc₃GsupportβαGtβ₃GpolypπβnolsGwχtπGεrββnG₃nαGπχεπTβδδχcχβncyGδrββGr₃αχc₃lG
c₃pturχnεG₃ctχvχtyGδorGru−−βrGcomposχtβsUG2022SGYYWSGXWdYdW 2

133 y₃nom₃tβrχ₃lsGδorGtr₃nsδormχnεG−₃rrχβrGpropβrtχβsGoδGlχεnocβllulosχcG−χom₃ssGtow₃rαsGpotβntχ₃lG
₃pplχc₃tχonsGâ��GlGrβvχβwUG2022SGZXaSGXYZ[[[ 2

132 ”χlχc₃â��polymβrGπy−rχαGn₃nop₃rtχclβsGδorGαruεGαβlχvβryG₃nαG−χoχm₃εχnεUG2022SGYYbTY[Z

131 ”t₃tβGoδG“βsβ₃rcπG₃nαG–rβnαsGχnGtπβGoβvβlopmβntGoδGPolyvχnylGlcβt₃tβTm₃sβαGWooαGlαπβsχvβUG2022
SGXYSGXZT[Y 3

130 pδδχcχβntG²nYRSGP−YRSG₃nαGyχYRGrβmov₃lGusχnεG₃ntχδoulχnεGmχxβαGm₃trχxGn₃noδχltr₃tχonGmβm−r₃nβG
wχtπGcurcumχnGmoαχδχβαGmβsoporousG”₃nt₃Gm₃r−₃r₃GlmorpπousTX]GOnurT”mlTX]PGδχllβrUG2022SGXWbZWY 1

129 y₃noT−χom₃tβrχ₃lsG₃sG₃GPotβntχ₃lG–oolGδorGquturχstχcGlpplχc₃tχonsUG2021SGXTZZ

128 lαv₃ncβmβntsGχnGy₃notβcπnoloεχc₃lGlpplχc₃tχonsGδorGWooαGProtβctχonUG2022SGaa]Tacb 0

127 ”urδ₃cβTmβαχ₃tβαGtwχnGpolymβrχs₃tχonGoδGYSYjTspχro−χ[[sTXSZSYT−βnzoαχox₃sχlχnβÜGonGmultχTw₃llβαG
c₃r−onGn₃notu−βsSGpoly₃crylonχtrχlβGp₃rtχclβsG₃nαGcoppβrGp₃rtχclβsUG

(-2021)
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126 PrβαχctχonGoδGtπβGstructurβG₃nαGmβcπ₃nχc₃lGpropβrtχβsGoδGpolyc₃prol₃ctonβTsχlχc₃Gn₃nocomposχtβsG
₃nαGtπβGχntβrpπ₃sβGrβεχonG−yGmolβcul₃rGαyn₃mχcsGsχmul₃tχonseGtπβGβδδβctGoδGPpryl₃tχonUUG2022SG

125 tntβrδ₃cχ₃lGpδδβctsGonGtπβGoχβlβctrχcGPropβrtχβsGoδGpl₃stomβrGnomposχtβsG₃nαGy₃nocomposχtβsUG2022
SGYY]TY[d 2

124 q₃−rχc₃tχonSGtπβrm₃lG₃n₃lysχsSG₃nαGπβ₃vyGχonGχrr₃αχ₃tχonGrβsχst₃ncβGoδGβpoxyGm₃trχxGn₃nocomposχtβsG
lo₃αβαGwχtπGsχl₃nβTδunctχon₃lχzβαGcβrχ₃Gn₃nop₃rtχclβsUUG2022SG 0

123 Prβp₃r₃tχonG₃nαGcπ₃r₃ctβrχz₃tχonGoδGβlβctrospunGsulδon₃tβαGpolysulδonβV²rzYGcomposχtβGn₃noδχ−βrG
mβm−r₃nβsUG2022SGXXZSGY[ZTY]Y 0

122 q₃−rχc₃tχonG₃nαGnπ₃r₃ctβrχz₃tχonGoδGsyαropπo−χcGnβllulosβGy₃noδχ−rχlsV”χlχc₃Gy₃nocomposχtβsGwχtπG
sβx₃αβcyltrχmβtπoxysχl₃nβUUG2022SGX[SG 2

121 ln₃lysχsGoδG— GnurχnεG”tr₃tβεyGonG“β₃ctχonGsβ₃tGnontrolG₃nαGP₃rtGlccur₃cyGδorGlααχtχvβG
x₃nuδ₃cturχnεUUG2022SGX[SG 1

120 nπ₃r₃ctβrχz₃tχonGoδGtπβGχncorpor₃tχonGoδG₃Gεr₃nul₃rGmβαχumGχntoGβl₃stomβrGm₃trχcβsGαurχnεGmχxχnεG
procβssUG]YYcW

119 ”c₃l₃−lβGProαuctχonG₃nαG–πβrmoβlβctrχc₃lGxoαβlχnεGoδGtnδusχ−lβGqunctχon₃lGrr₃pπβnβVppoxyG
y₃nom₃tβrχ₃lsGδorGpnεχnββrχnεGlpplχc₃tχonsUG 1

118 pxpβrχmβnt₃lG”tuαyGoδGxβcπ₃nχc₃lGPropβrtχβsGoδGPolypropylβnβG“₃nαomGnopolymβrG₃nαG
“χcβTsuskTm₃sβαGmχocomposχtβG−yG—sχnεGy₃noχnαβnt₃tχonUUG2022SGX]SG 1

117 pδδβctGoδGsypβrtπβrm₃lGltomχcGzxyεβnGonG”p₃cβTrr₃αβGn TXX[[TWG”χlχconβUG

116 q₃−rχc₃tχonGstr₃tβεχβsG₃nαG−χomβαχc₃lG₃pplχc₃tχonsGoδGtπrββTαχmβnsχon₃lG−₃ctβrχ₃lGcβllulosβT−₃sβαG
sc₃δδolαseGlGrβvχβwUUG2022SGYWdSGdTZW 6

115 lntχδoulχnεGn₃nocomposχtβGpolymβrGco₃tχnεsGδorGm₃rχnβG₃pplχc₃tχonseGlGrβvχβwGonGβxpβrχmβntsSG
mβcπ₃nχsmsSG₃nαGtπβorβtχc₃lGstuαχβsUG2022SGXXcSGbZTXXZ 2

114 tnvβstχε₃tχonGoδG”tructur₃lG₃nαGzptχc₃lGPropβrtχβsGoδGnonαuctχvβGPolymβrGoopβαGwχtπG–χnGzxχαβGvχ₃G
χnG”χtuGPolymβrχz₃tχonUG2021SGaZSGca]TcbX

113 —nsymmβtrχcGoum−−βllT”π₃pβαGPolyπβαr₃lGzlχεomβrχcG”χlsβsquχox₃nβGOPz””PGnompounαG₃sG₃G
”χnεlβTnomponβntGPz””Gsy−rχαUG2021SG

112 lGy₃noGxβtπoαGδorG₃GmχεGnπ₃llβnεβeGy₃nosχlχc₃Tm₃sβαG”β₃lχnεG”ystβmGδorGW₃tβrG”πutoδδUG2021SG 1

111 syαrolysχsG₃nαGnonαβns₃tχonGoδG–βtr₃βtπylGzrtπosχlχc₃tβG₃tGtπβGlχrâ��lquβousGtntβrδ₃cβeGtmplχc₃tχonsG
δorG”χlχc₃Gy₃nop₃rtχclβGqorm₃tχonUG2022SG]SG[XXT[YY 3

110 –πβGrolβGoδG₃απβsχonGonGmβsosc₃lβGχnαβnt₃tχonGδorGαβtβrmχnχnεGmoαulχGoδGπyαr₃tβαGm₃tβrχ₃lsUG2022SG
[SGX

109 ”–—o±GzyG–spGo±ylxtnGxpnslytnlwSGqwp®—“lwG”–“pyr–sGlyoG”zxpGnsl“ln–p“t”–tn”GzqG
Pzw±z®±xp–s±wpypV”twtnlGylyznzxPz”t–p”UG2021SG]dSG
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108 q₃−rχc₃tχonSGoβsχεnG₃nαGnπ₃r₃ctβrχz₃tχonGoδGXoGy₃noTqχ−rousG”χzYG”urδ₃cβG−yG₃Gq₃cχlβG₃nαG”c₃l₃−lβG
xβtπoαUG2022SGXYSG]ZX 1

107 â��y₃nocompounαsχtβâ��eGy₃noGpπ₃sβαGpolymβrGαχspβrsβαGχnGχnorε₃nχcGm₃trχxGvχ₃Gcov₃lβntG−onαsUG 1

106 xβcπ₃nχc₃lG₃nαG–πβrm₃lGPropβrtχβsUG2010SGXaZTXda

105 tm₃εβXUtχδUG2018SG

104 tm₃εβYUtχδUG2018SG

103 tm₃εβZUtχδUG2018SG

102 lGyovβlG–βrn₃ryGnomposχtβGoδGPolyurβtπ₃nβVPoly₃nχlχnβVy₃nosχlχc₃GwχtπGlntχst₃tχcGPropβrtyG₃nαG
pxcβllβntGxβcπ₃nχc₃lG”trβnεtπeGPrβp₃r₃tχonG₃nαGxβcπ₃nχsmUGX

101 xβcπ₃nχc₃lGpropβrtχβsG₃nαGχntβrδ₃cχ₃lGχntβr₃ctχonsGχnGolβylGtGχt₃n₃tβTtrβ₃tβαG−l₃stGδurn₃cβG
sl₃εVpolypropylβnβGcomposχtβsUG 0

100 “βcβntGtrβnαsGoδGsχlχconGβl₃stomβrT−₃sβαGn₃nocomposχtβsG₃nαGtπβχrGsβnsχnεG₃pplχc₃tχonsUG2022SGYdSG 0

99 nπ₃r₃ctβrχz₃tχonGoδGtπβGχncorpor₃tβαG”χzYGcoTαopβαGwχtπG”rYRG₃nαG–−ZRGpπospπorsGχntoGPwlG
polymβrGm₃trχxUG2022SGXYaZSGXZZXba

98 PolymβrGn₃nocomposχtβsGδorGβnβrεyUG2022SGZZ]TZbY 0

97 q₃−rχc₃tχonGoδGlllTPolymβrχcGsχβr₃rcπχc₃lGnolloχα₃lGP₃rtχclβsGwχtπG–un₃−lβGWβtt₃−χlχtyG−yGtnG”χtuG
n₃ppχnεG“₃sp−βrryTwχkβGPrβcursorsUG

96 zvβrvχβwGoδGppoxχβsG₃nαG–πβχrG–πβrmosβtsUGXTZa 5

95 ”tructur₃lG₃nαGxorpπoloεχc₃lGnπ₃r₃ctβrχz₃tχonGoδGy₃nom₃tβrχ₃lsUG2022SGXYXTXZb 1

94 mχorβnβw₃−lβGy₃nocomposχtβGx₃tβrχ₃lsGχnGxβm−r₃nβG”βp₃r₃tχonsUGXcdTYZ]

93 –πrββToχmβnsχon₃lGsχβr₃rcπχc₃lGsyαrot₃lcχtβâ��”χlχc₃G”pπβrβGnomposχtβsG₃sGn₃t₃lystsGδorG
m₃βyβrâ�� χllχεβrGzxχα₃tχonG“β₃ctχonsG—sχnεGsyαroεβnGPβroxχαβUG2022SGXYSGaYd

92 lαv₃ncβsGχnGpolymβrχcGn₃nocomposχtβsGδorG₃utomotχvβG₃pplχc₃tχonseGlGrβvχβwUG 1

91 ”χlχc₃GsolGn₃nop₃rtχclβsGπy−rχαχzβαG₃llylGpπβnolχcGrβsχnsGδorGχmprovχnεGmβcπ₃nχc₃lG₃nαGtπβrm₃lG
pβrδorm₃ncβUG2022SGY][SGXY]W]Y
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90 “βχnδorcβαGPolymβrseG–πβGpmβrεχnεG“olβGoδGoχ₃zonχumGxoαχδχc₃tχonGoδGqχllβrsUG2022SGZbdT[W[

89 rr₃δtχnεGoδGPolyOβtπylβnβGχmχnβPGtoG”χlχc₃Gy₃nop₃rtχclβsGδorGzαorG“βmov₃lGδromG“βcyclβαGx₃tβrχ₃lsUG
2022SGXYSGYYZb 1

88 pδδχcχβntGlαsorptχonGoδGnπromχumGtonsGδromGlquβousG”olutχonsG−yGPl₃ntToβrχvβαG”χlχc₃UG2022SGYbSG[XbX 0

87 vχnβtχcsGoδGtπβGrl₃ssG–r₃nsχtχonGoδG”χlχc₃TqχllβαG”tyrβnβâ��mut₃αχβnβG“u−−βreG–πβGpδδβctGoδG“βsχnsUG
2022SGX[SGYaYa 2

86
Prβp₃r₃tχonG₃nαGnπ₃r₃ctβrχz₃tχonGoδGyovβlGxχcroεβlsGnont₃χnχnεGy₃noT”χzYG₃nαGnopolymβrχcG
syαroεβlGm₃sβαGonGPolyGOlcryl₃mχαβPG₃nαGPolyGOlcrylχcGlcχαPeGxorpπoloεχc₃lSG”tructur₃lG₃nαG”wβllχnεG
”tuαχβsUG2022SGX]SG[bcY

85 ZTzct₃noyltπχoGTXTpropyltrχβtπoxysχl₃nβGδunctχon₃lχzβαGsχlχc₃Vru−−βrGcomposχtβsGδorG₃pplχc₃tχonGχnG
tχrβeG”tructurβSGpβrδorm₃ncβG₃nαGsynβrεχsmUG 0

84 xβt₃lTorε₃nχcGδr₃mβworkGOxzqPGcomposχtβsG₃sGpromχsχnεGm₃tβrχ₃lsGδorGβnβrεyGstor₃εβG
₃pplχc₃tχonsUG2022SGXWYbZY 6

83 lnGβmulsχonGswβllχnεGroutβGtoGsurδ₃cβTwrχnklβαGpolystyrβnβTsχlχc₃Gcolloχα₃lGn₃nocomposχtβG
p₃rtχclβsUG2022SGY][SGXY]XWc

82 —sβGoδGn₃tur₃llyGsm₃llGmolβculβG₃sG₃nGχntβllχεβntGχntβrδ₃cχ₃lGmoαχδχβrGδorGstrβnεtπβnχnεG₃nαG
touεπβnχnεGsχlχc₃TδχllβαGru−−βrGcomposχtβUG2022SGYYbSGXWdaY[ 1

81 lG−χoT−₃sβαG₃ppro₃cπGtoGsχmult₃nβouslyGχmprovβGδl₃mβGrβt₃rα₃ncySGtπβrm₃lGst₃−χlχtyG₃nαG
mβcπ₃nχc₃lGpropβrtχβsGoδGn₃noTsχlχc₃GδχllβαGjutβVtπβrmopl₃stχcGst₃rcπGcomposχtβUG2022SGYcdSGXYa[c] 2

80 tnTsχtuGpolymβrχz₃tχonGoδGsχlχc₃VpolyβtπylβnβGusχnεG−χsupportβαG²χβεlβrTy₃tt₃Gc₃t₃lystGoδG
n₃nosχlχc₃VmzxV–χnl[V–plweG”tuαyGoδGtπβrmoTmβcπ₃nχc₃lGpropβrtχβsGsystβmUG2022SGX[ZSGXWdbYa 1

79 nπ₃r₃ctβrχz₃tχonGoδGn₃noδχ−βrGcomposχtβGmβm−r₃nβGδorGπχεπGw₃tβrGδluxG₃nαG₃ntχ−₃ctβrχ₃lG
propβrtχβsUG2022SGa]XSGXYda]] 1

78 ”tuαyGonGχmp₃ctGstrβnεtπG₃nαGβδδβctGoδG₃ccβlβr₃tβαGwβ₃tπβrGtβstχnεGonGsomβGpropβrtχβsGoδG
polyoxymβtπylβnβVsχlχc₃Gn₃nocomposχtβsUG2020SG]cSGac]Tadc 0

77 ProcβssχnεGoδGrr₃pπβnβVpl₃stomβrGy₃nocomposχtβseGlGxχnχrβvχβwUG

76 –opoloεχc₃llyGtnαucβαGsβtβroεβnβχtyGχnGrr₃αχβntGnopolymβrGmrusπGP₃rtχclβGx₃tβrχ₃lsUG 1

75 ”cχβncβG₃nαG–βcπnoloεyGoδGy₃nom₃tβrχ₃lseGtntroαuctχonUG2022SGXTX]

74 tmprovβmβntGoδG”urδ₃cβGs₃rαnβssGoδG–r₃nsp₃rβntGPolyO₃mχαβTχmχαβPGqχlmsG—sχnεGqumβαG”χlχc₃G
y₃nop₃rtχclβsUG

73 xorpπoloεχβsGoδGpolymβrGcπ₃χnsG₃αsor−βαGonGχnorε₃nχcGn₃nop₃rtχclβsGχnG₃GpolymβrGcomposχtβG₃sG
rβvβ₃lβαG−yG₃tomχcTrβsolutχonGβlβctronGmχcroscopyUG 0
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72 tnsχεπtGχntoGtπβG₃ntχTcorrosχonGpβrδorm₃ncβGoδGsyntπβsχzβαGnovβlGn₃noGpolymβrχcGm₃tβrχ₃lGoδG”χzYG
δorGtπβGprotβctχonGoδGu]]GstββlGχnGZU]´ wtLGy₃nlGsolutχonGs₃tur₃tβαGwχtπGc₃r−onGαχoxχαβUG2022SGXWaSGXW[b]c

71 tnTsχtuGstructurχnεG₃Gro−ustGcβllulosβGπyαroεβlGwχtπG²nzV”χzYGπβtβrojunctχonsGδorGβδδχcχβntG
pπotoc₃t₃lytχcGαβεr₃α₃tχonUG2022SGYdaSGXXdd]b 0

70 lssβssmβntGoδG₃ntχδunε₃lG₃ctχvχtyGoδGn₃noTcπχtos₃nG₃ε₃χnstGmunεG−β₃nGsββαG−ornβGp₃tπoεβnG
lspβrεχllusGδl₃vusGtπrouεπGsolχαGm₃trχxGprχmχnεUG2022SGX]WSGZbYTZca 0

69 “βcβntGproεrβssGoδGβl₃stomβrâ��sχlχc₃Gn₃nocomposχtβsGtow₃rαGεrββnGtχrβseGsχmul₃tχonG₃nαG
βxpβrχmβntUG 1

68
”tructur₃lSGoptχc₃lSGαχβlβctrχcSG₃nαGsurδ₃cβGpropβrtχβsGoδGpolyχmχαβGπy−rχαGn₃nocomposχtβsGδχlmsG
βm−βααβαGmβsoporousGsχlχc₃Gn₃nop₃rtχclβsGsyntπβsχzβαGδromGrχcβGπuskG₃sπGδorGoptoβlβctronχcG
₃pplχc₃tχonsUG2022SG][SG

0

67 PolyvχnylG₃lcoπolGmβm−r₃nβGχncorpor₃tβαGwχtπG₃mχnβTmoαχδχβαGsχlχc₃Gn₃nop₃rtχclβsG₃nαGχonχcGlχquχαG
δorGδ₃cχlχt₃tβαGtr₃nsportGoδGnzYUG2022SGXYWSGXWZbb[ 0

66 xolβcul₃rGαyn₃mχcsGsχmul₃tχonGoδGεl₃ssGtr₃nsχtχonG₃nαGtπβrm₃lGst₃−χlχtyGoδGnovβlGsχlχconβGβl₃stomβrG
₃nαGχtsGn₃nocomposχtβsUG2022SGZZSGXW[]Xb 1

65 ”yntπβsχsG₃nαGcπ₃r₃ctβrχz₃tχonGoδG₃r₃mχαGcomposχtβsGrβχnδorcβαGwχtπGsχl₃nχzβαGεr₃pπβnβGpl₃tβlβtsUG
2022SGXYSGYab]ZTYabaY 0

64 –βtr₃₃rylβtπβnβGδluorβscβntGαyβsGwχtπG₃εεrβε₃tχonTχnαucβαGβmχssχonGδorGwpoTαrχvβnGpπotocurχnεG
₃nαGZoGprχntχnεUG 0

63 pδδβctGoδG”₃ltGnoncβntr₃tχonGonGzχlG“βcovβryGourχnεGPolymβrGqlooαχnεeG”χmul₃tχonG”tuαχβsGonG
®₃ntπ₃nGrumG₃nαGrumGlr₃−χcUG 0

62 x—w–tnzxPGp₃ck₃εβGδorGmultχlβvβlGsχmul₃tχonGoδGpolymβrGn₃nocomposχtβsUG2023SGYXaSGXXXcZY 0

61 pδδβctGoδGχnχtχ₃lGsolvβntGconcβntr₃tχonGonGtπβGstructurβG₃nαGpropβrtyGoδGpolymβrGn₃nocomposχtβsUG 0

60 sy−rχαGsolχαGsβnsχtχvβG₃rr₃ysVpolypropylβnβGcomposχtβseGlGstuαyGonGsβnsχnεG₃lk₃lχnβGv₃porsUG 0

59 ”ynβrεβtχcGβδδβctsGoδGn₃noT”χzYVεlycβrolGonGtπβGβlβctrχc₃lG₃nαGoptχc₃lGpropβrtχβsGoδGP lGδorG
βm−βααβαGβlβctronχcsG₃nαGoptχc₃lG₃pplχc₃tχonsUG 0

58 PolymβrGy₃nocomposχtβsGχnGpnβrεyG”tor₃εβG”ystβmUG2022SGXX]TXY] 0

57 oyn₃mχcsGoδGPolymβrGnπ₃χnsGχnGPolyOβtπylβnβGoxχαβPV”χlχc₃Gy₃nocomposχtβsGvχ₃G₃Gnom−χnβαG
nomput₃tχon₃lG₃nαGpxpβrχmβnt₃lGlppro₃cπUG2022SGXYaSGbb[]TbbaW 1

56 xχcroβnvχronmβntGβnεχnββrχnεGoδGsupportβαGmβt₃lGn₃nop₃rtχclβsGδorGcπβmosβlβctχvβG
πyαroεβn₃tχonUG 1

55 lpplχc₃tχonsGoδGx®βnβTnont₃χnχnεGPolypyrrolβGy₃nocomposχtβsGχnGplβctrocπβmχc₃lGpnβrεyG”tor₃εβG
₃nαGnonvβrsχonUG 2
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54 qβ₃turβsGoδG–πβrmoTzxχα₃tχvβGoβεr₃α₃tχonG₃nαGPyrolysχsGoδGy₃nocomposχtβsGm₃sβαGonGPorousG
PolyβtπylβnβG₃nαG”χlχc₃UG 0

53 nπ₃r₃ctβrχz₃tχonGoδGlχnβ₃rGlowTαβnsχtyGpolyβtπylβnβG₃nαGπ₃lloysχtβGn₃notu−βGOGwwoPpGVGsy–GPG
composχtβsG−₃sβαGonGtwoTrollGc₃lβnαβrχnεGmβltGδ₃−rχc₃tχonUG 0

52 sβαεβπoεSGnπ₃momχlβG₃nαGxultχpβt₃lGPolymβrχcG”tructurβsGonGtπβGy₃nop₃rtχclβG”urδ₃cβeG
–πβorβtχc₃lGtnsχεπtsUG2022SGX[SG[Z]c 0

51 y₃nocomposχtβsUG2022SG][]Tbca 0

50 WβttχnεGnπ₃r₃ctβrχstχcsGoδGy₃nosχlχc₃TPolyGO₃crylχcG₃cχαPG–r₃nsp₃rβntGlntχTqoεGno₃tχnεsUG2022SGX[SG[aaZ 2

49 y₃noT−χom₃tβrχ₃lsG₃sG₃GPotβntχ₃lG–oolGδorGquturχstχcGlpplχc₃tχonsUG2022SGXY[ZTXYb] 0

48 lpplχc₃tχonsGoδGn₃notβcπnoloεyGχnGδooαGsβctoreGmoonsG₃nαG−₃nβsUG2023SG[bZT[dY 0

47 tntβrδ₃cχ₃lG–₃χlorχnεGoδGPolyβtπβrG”ulδonβTxoαχδχβαG”χlχc₃GxχxβαGx₃trχxGxβm−r₃nβsGδorGnzYG
”βp₃r₃tχonUG2022SGXYSGXXYd 1

46 sy−rχαVnomposχtβGzrε₃nχcG–πβrmoβlβctrχcGx₃tβrχ₃lsUG2022SGXYZTX]d 0

45 lpplχc₃tχonsGoδGpmβrεχnεGy₃nom₃tβrχ₃lsGχnGorχllχnεGqluχαsUG2022SGbSG 0

44 Prβp₃r₃tχonG₃nαG₃pplχc₃tχonsGoδGpolymβrTmoαχδχβαGl₃ntπ₃nχαβTαopβαGupconvβrsχonGn₃nop₃rtχclβsUG
2022SGXYSGXWWXZW 0

43 Prβp₃r₃tχonG₃nαGpropβrtχβsGoδGru−−βrGn₃nocomposχtβsG−₃sβαGonGn₃tur₃lGru−−βrVGβtπylβnβG
propylβnβGαχβnβGmonomβrGrβχnδorcβαGwχtπGn₃nosχlχc₃SGc₃r−onG−l₃ckG₃nαG−₃rχumGsulδ₃tβUG2022SGaWSGa]YTaaZ 0

42 ”χzYGn₃nop₃rtχclβVPolymβrGcomposχtβG₃sG₃ntχcorrosχvβGco₃tχnεGδorGlTZaGstββlUGXTb 0

41 ltomχcTsc₃lβG₃n₃lysχsGonG₃Gru−−βrT−r₃ssG₃απβsχvβGχntβrδ₃cβGusχnεGsc₃nnχnεGtr₃nsmχssχonGβlβctronG
mχcroscopyUG2023SGYa]SGXY]aWY 0

40 nolloχα₃lGsχlvβrG₃sGχnnov₃tχvβGmultχδunctχon₃lGpχεmβnteG–πβGβδδβctGoδGlεGconcβntr₃tχonGonGtπβG
αur₃−χlχtyG₃nαG−χocχα₃lG₃ctχvχtyGoδGwooαGp₃χntsUG2023SGXb]SGXWbZ][ 2

39 lGnovβlG₃ppro₃cπGδorGprβp₃r₃tχonGoδGn₃nocomposχtβsGwχtπG₃nGβxcβllβntGrχεχαχtyVαβδorm₃−χlχtyG
−₃l₃ncβG−₃sβαGonGrβχnδorcβαGsoPpGwχtπGπ₃lloysχtβUG2023SGXc[SGXXXba] 0

38 xonoαχspβrsβGPorousG”χlχc₃VPolymβrGy₃nocomposχtβGxχcrospπβrβsGwχtπG–un₃−lβG”χlχc₃Gwo₃αχnεSG
xorpπoloεyG₃nαGPorosχtyUG2022SGYZSGX[dbb 0

37 lGyovβlGPolyOvχnylG₃lcoπolPâ��tβtr₃βtπylortπosχlχc₃tβGsy−rχαGrβlGplβctrolytβGδorGwβ₃αG”tor₃εβGm₃ttβryUG
2022SGcSGbdX 0
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36 sβαεβπoεSGnπ₃momχlβSG₃nαGxultχpβt₃lGPolymβrχcG”tructurβsGonGtπβGy₃nop₃rtχclβG”urδ₃cβeG
nomputβrGxoαβllχnεUG2022SGYbSGc]Z] 0

35 “olβGoδGPolymβrâ��y₃nop₃rtχclβGtntβr₃ctχonsGonGtπβGqr₃cturβG–ouεπnβssGoδGPolymβrTtnδχltr₃tβαG
y₃nop₃rtχclβGqχlmsUG 0

34 q₃cχlβGq₃−rχc₃tχonGoδG”upβrπyαropπo−χcG₃nαGql₃mβT“βt₃rα₃ntGno₃tχnεsGonGnottonGq₃−rχcsUG2022SGX[SG]ZX[ 0

33 ’u₃ntχt₃tχvβG₃nαGconvβnχβntGprotocolGδorG₃n₃lysχsGoδGsurδ₃cβTmoαχδχβαGsχlχc₃Gn₃nop₃rtχclβsGusχnεGYdG
”χTyx“G₃nαGnβ₃rTχnδr₃rβαGαχδδusβGrβδlβctχonGspβctroscopyUG 0

32 lGqusχonGoδGxolβcul₃rGtmprχntχnεG–βcπnoloεyG₃nαG”χlox₃nβGnπβmχstryeGlGW₃yGtoGlαv₃ncβαGsy−rχαG
y₃nom₃tβrχ₃lsUG2023SGXZSGY[c 0

31 –πβrm₃lG₃nαGoχβlβctrχcGmβπ₃vχourGoδGPolymβrTm₃sβαGy₃nocomposχtβsGqlβxχ−lβG”πββtsG₃sGsχεπlyG
”t₃−lβGoχβlβctrχcGx₃tβrχ₃lsUG2023SGYWYZSGXTXY 0

30 Polyαop₃mχnβGmoαχδχβαGnu”Gp₃rtχclβsGδχllβαGcβllulosβGδχ−βrGδorGpπototπβrm₃lGconvβrsχonG
pβrδorm₃ncβUG2023SGXdZSGXXaXcc 0

29 lpplχc₃tχonGoδGpolymβrGn₃nocomposχtβsGχnG−χomβαχcχnβUG2023SG[XZT[ZZ 0

28 ”χlχc₃T−₃sβαGpolymβrGn₃nocomposχtβsG₃nαGtπβχrG−χomβαχc₃lG₃pplχc₃tχonsUG2023SG]WbT]Yc 0

27 mχoβnεχnββrβαGmβt₃lT−₃sβαG₃ntχmχcro−χ₃lGn₃nom₃tβrχ₃lsGδorGsurδ₃cβGco₃tχnεsUG2023SG[cdT]Zd 0

26 “βcyclχnεGw₃stβGsourcβsGχntoGn₃nocomposχtβsGoδGεr₃pπβnβGm₃tβrχ₃lseGzvβrvχβwGδromG₃nG
βnβrεyTδocusβαGpβrspβctχvβUG2023SGXYSG 0

25 xoαχδχc₃tχonGoδGn₃nom₃tβrχ₃lsGδorGn₃nostructurβαGcβmβntT−₃sβαGm₃tβrχ₃lsUG2023SG]TZb 0

24 pmβrεχnεG₃pplχc₃tχonsGoδGn₃notβcπnoloεyGδorGβTnosβUG2023SG]bTXWW 0

23 lpplχc₃tχonGoδG”χlsβsquχox₃nβsGχnGtπβGPrβp₃r₃tχonGoδGPolyolβδχnTm₃sβαGx₃tβrχ₃lsUG2023SGXaSGXcba 0

22 ”χlχc₃Tno₃tβαGxχcromβtβrT”χzβαGw₃tβxGP₃rtχclβsUG2023SGZdSG]XadT]Xbc 0

21 ”yntπβsχsG₃nαGlpplχc₃tχonGoδGqluorβscβntGPolymβrGxχcroTG₃nαGy₃nop₃rtχclβsUGYZWWdaX 0

20 oβvβlopmβntGoδGπχεπGpβrδorm₃ncβGεr₃nχtβGδχnβGδlyGαustGp₃rtχclβGrβχnδorcβαGβpoxyGcomposχtβseG
structurβSGtπβrm₃lSGmβcπ₃nχc₃lSGsurδ₃cβG₃nαGπχεπGvolt₃εβG−rβ₃kαownGstrβnεtπGpropβrtχβsUG2023SGY[SGYbd]TYcXX 0

19 syαropπo−χcG₃βroεβlTmoαχδχβαGπβmost₃tχcGε₃uzβGwχtπGtπβrm₃lGm₃n₃εβmβntGpβrδorm₃ncβUG2023SG
YaSGX[YTX]c 0
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18 ’u₃ntχδχc₃tχonGoδGχntβrδ₃cχ₃lGstructurβG₃tGn₃nosc₃lβG₃nαGχtsGrβl₃tχonsπχpGwχtπGvχscoβl₃stχcGεl₃ssG
tr₃nsχtχonGoδG”χzYVβl₃stomβrGn₃nocomposχtβsUG2023SGYbXSGXY]bdc 0

17 ZoGprχntβαGδχ−βrToptχcGn₃nomβcπ₃nχc₃lG−χopro−βUG2023SG]SGWX]WW] 0

16 Polymβrk”χzYGnorβâ��”πβllGnomposχtβGP₃rtχclβseGPrβp₃r₃tχonG₃nαGlpplχc₃tχonUG2023SGXZSGZZ[ 0

15 “o−ustG₃nαG”c₃l₃−lβGtnG χtroG”urδ₃cβGxχnβr₃lχz₃tχonGoδGtnβrtGPolymβrsGwχtπG₃G“₃tχon₃llyGoβsχεnβαG
xolβcul₃rGmrχαεβUG2023SGX]SGcbZWTcb[X 0

14 ”ulδurGcπβmχstryGχnG₃ctχonUGyβwGpβrspβctχvβsGδorGorε₃nχcGsyntπβsχsUGXTXW 0

13 –πβrm₃lG₃nαGαχβlβctrχcGpropβrtχβsGoδGP oqVPpzV”χzYGn₃noαχβlβctrχcsGδorGδlβxχ−lβGr₃αχoβlβctronχcG
αβvχcβGtβcπnoloεχβsUG2023SGYSGXWWWYc 0

12 zvβrvχβwG₃nαGδunα₃mβnt₃lsGoδGpolymβrGn₃nocomposχtβsUG2023SG[XTaa 0

11 tmprovβmβntGoδGsβ₃tG“βsχst₃ncβGoδGqluorosχlχconβG“u−−βrGpmployχnεG χnylTqunctχon₃lχzβαGPz””G₃sG
₃Gnπβmχc₃lGnrosslχnkχnεGlεβntUG2023SGX]SGXZWW 0

10 Prβp₃r₃tχonGoδGnomposχtβGsyαroεβlsGwχtπG”χlχc₃Gy₃nop₃rtχclβsG−yGPπotoχnχtχ₃tβαGPolymβrχz₃tχonG
“β₃ctχonUG2023SGYZSGXdcTYWb 0

9 lαv₃ncβsGχnGtr₃nsp₃rβntGpolymβrGn₃nocomposχtβsG₃nαGtπβχrG₃pplχc₃tχonseGlGcomprβπβnsχvβGrβvχβwUG
2022SGaXSGdZbTdb[ 1

8 xorpπoloεyG₃nαGPπysχcoTmβcπ₃nχc₃lGPropβrtχβsGoδGlntχδrχctχonGppoxyGy₃nocomposχtβsUG2023SGXabTXba 0

7 tmp₃ctGoδGsχεπGnoncβntr₃tχonsGoδGnβllulosβGqχ−βrsGonGtπβGxorpπoloεySGour₃−χlχtyG₃nαGProtβctχvβG
PropβrtχβsGoδGWooαGP₃χntUG2023SGXZSGbYX 0

6 qromGwooαGw₃stβGtoGwooαGprotβctχoneGyβwG₃pplχc₃tχonGoδG−l₃ckG−χoGrβnβw₃−lβGw₃tβrT−₃sβαG
αχspβrsχonsG₃sGpχεmβntGδorG−χoT−₃sβαGwooαGp₃χntUG2023SGXcWSGXWb]bb 0

5 Pπotoc₃t₃lyzβαG–πχosulδonyl₃tχonGoδG”χl₃TβnynβsGwχtπG–πχosulδon₃tβsUG 0

4
”yntπβsχsGoδGmultχδunctχon₃lGru−−βrGcπβmχc₃lsGYTprop₃nolSG
XTOYT−βnzotπχ₃zolyltπχoPTZT[ZTOtrχβtπoxysχlylPGpropoxyÜGsχl₃nβG₃nαGχtsG₃pplχc₃tχonGχnGn₃tur₃lG
ru−−βrVsχlχc₃GcomposχtβsUG

0

3 Poly₃mχαβGXXGn₃nocomposχtβGδββαstocksGδorGpowαβrG−βαGδusχonGvχ₃GlχquχαTlχquχαGpπ₃sβGsβp₃r₃tχonG
₃nαGcryst₃llχz₃tχonUG2023SG[Y[SGXXc]aZ 0

2 lαv₃ncβsG₃nαGprospβctsGoδG−χoαβεr₃α₃−lβGpolymβrGn₃nocomposχtβsGδorGδuβlGcβllG₃pplχc₃tχonsUG2023SG]ddTaZb 0

1 ”χlχc₃Gn₃nop₃rtχclβsGsβlδT₃ssβm−lyGprocβssGχnGpolymβrGcomposχtβseG–ow₃rαsG₃αv₃ncβαGm₃tβrχ₃lsUG
2023SG 0
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