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PET/ US95/ 05805 : Al br asi on-resi stant Conposite
Sheet - BACKGROUND OF THE | NVENTI ON Field of
the Invention S This invention relates to an abrasi on-resi stant
conposi t e shecWORAST® a process for making the sheet. FOTASISOS805
particularly, the invention concerns such a conposite sheet in which

pile-like groups of fibers are immobilized IIXLE by a resinin aposition

that is generally vertical to the AHfa%ﬁﬁ%e@i‘st&n@EomheSheet Descri ption
of the Prior Art 10 [t ) St 3 pjoven or

nonwoven fabrics to resin AL IRUUND D SIS ts intended
for use in thernof oFidld of thednvention nol di ng processes For exanpl e, such

conposi te sheetsgare dis Stggedﬁ% ARFE46n
4,298,643, Zafi rogl u, ?EE at.ent ]ela§7s5to§ % B #rlln%manese afgat ent
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have a'surface Iayemﬁt%ﬂ%fmgogls ar e&“ﬁ&éﬂ%ﬂﬁﬁ@géiﬁl y ve |ca ‘the
surface of the fabrmoldinggpeocesses; & pxmnle.slclpmramste ets arg disglosed dn o g
4,876, 128, di scl oseMigagawdetsdl) Ichbmdmnsbsusszaﬁr i, Q0. 8. Patent 5,075,042,

AR AR Z’%ﬁﬂ?a%é’néﬁoilﬁ*#%&fﬂ 162238

i ncorporation 195 Mdd@leeemposmﬂmgqbewuuhmegnp @,ﬁoﬂsA/\HQWQVCr
Japanese Lai d-open suchc ﬁ}@p%%&

di scl ose a floor mat Wﬁgﬂeﬁ%é%m tuft%d-glle’ ﬁi #lch a

rubber resin is add%ﬁ‘ceﬁ
0.08-g/cnferr] pil elﬁggbgesmfnwdaymtprotechﬁworkcloﬂmsghemﬁtymkﬁ, efm.| e

fi:ber and.resin is:62. % e MR mﬁtﬁ
The conbi nation has an _aver gggéﬁpﬁﬁni@g V:S;O;;fﬁi%err
. The mat has a p

g/cnferr]. The presgmerﬂly/whodtbdhmskmftmoﬂthyfdlm AlslopZ/aﬁrdﬁu,beSrPatents

concentration in cogbymaseend 475 BE MiRILR MR stlchbritie BSESH WhiRA) | OW
- pile paraneter does row | on resl st a

(b) 35 even if sugg" ﬁ%ﬁef' ﬁ"’ﬂlhy M ? aﬁﬁ‘gﬂ‘Fem n

at the out er gmnps bf ﬁbersf Génerally, end( fabyics aré hiot dibd:lo'sédefaremcmpomaﬁdm

top 1 nmof theyp p aHSGv @ﬁﬂﬁorn

- Seh f1%or mts SSL?S e pg,gsi’%ea;d' iqe' lf‘&s&ose pktel
mcludes a tufted-pile fabric to which a rubber resin is added. The tufted pile
has an 8-mm pile height and a 0.08-g/cm3 pile fiber concentration. The
combination of pile fiber and resin is 62 % by weight pile fiber and 38% by

30 weightresin. The combination has an average over-all density of 0.13
g/em3. The mat has a pile parameter, P, as defined hereinafter, of only 0.1
gfom3. The present inventor found that (a) such a low pile fiber
concentration in combination with such a low over-all layer density and low

» ~ pile parameter does not provide the mat with high abrasion resistance and (b)
35  even if such relatively high piles are have a dense layer of resin at the
. outermost tips of the pile, (e.g., with all the resin in the top 1 mm of the pile)

such a resin/pile layer is stretched and torn apart by strong abrasion,
Increases in the abrasion resistance of such floor mats would improve their
utility.
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PET/ US95/ 05805 Watt et al, U S. Patent 4,808,458, discloses
fl ocked pile fabrics. ' wherein a foaned resin is located primarily.in
the bottom 75% preferably t he bott.om 50% of the pile |leaving the
remai nder of twesBss¥8nearly free of resin, for the purf§gEEoEpssos
obt ai ni ng a suede effect ‘Such products are 51 neffectlve I n_resisting

severe surface abrasion. Wattetal, U.S. Patelgeft,808;g$& dlsqiosgsmpk&mﬂe%wscat i on
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conposite sheet 1§ haghrectlonsm% pgﬁﬁ:;h&&#mmm V.@l ve
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present invention p e
‘sheet has an upper @%ﬁ@“ﬁ%‘?ﬁ{eﬁmﬁﬁ%@%{n %@ggﬂg rg'xselglaneof
groups of pil e- i ketheilayers Resin impregnationafisnely yersprovides a
snet-wor k- 4.5 | pampedteshevrthat leaisdmdbegsididsistdnce tint d$ Superiop to Agesipper ... .
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mechani cal | y connecmwml%mmmem desinedy al | y per pendi cul arI y
fromthe planar fibrous Aglahrof tépres@itiinvention is to provideerdonipusite sheet that

ot pileclike 1 B e M@%&F on clerr], of et
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conposite sheet. Therogpsobpil ﬁbequenp fibrausinetwonlks,
network are CO”DOSGﬁlﬁéatédbmeﬁEnﬂm afﬂleléoﬂteuppefaﬁulbwasaﬂ'aces

" dtex). Further, t he b Gofipdtitd ifst "Thé Yflup ?,?pﬁe.iﬂk w&am%e,

0.5to
PCT/ US95/ 05805 30 the upper and lower surfaces and are mechanically connected to and protrude

generally perpendicularly from the planar fibrous network. The composite
sheet has a stretchability in any direction that is no more than 25%. The
groups of pile-like fibers have an effective pile concentration, ceff; of at least
0.10 g/cm3, preferably in the range of 0.15 to 0.4 g/cm3, and are surrounded
35 and immobilized by the resin in the generally perpendicular position.

Typically, the resin amounts to 30 to 90 %, preferably at least 50%, of the
total weight of the composite sheet. The groups of pile-like fibers and planar
fibrous network are composed of fibers of textile decitex (i.e., of 0.7 to 20
dtex). Further, the pile fiber/resin layer has a thickness in the range 0£ 0.5 to




3 rrm‘ preferably 1 to 3 nm an over-all density, d of at least 0.4

gfcnjerr], preferably in the range of 0.5 to 1.2 g/cnferr], a
stretchability in any direction of no greater than 25% preferably
no greater than 10% a verti cal conpressibility of no greater than

25% pr ef er abl worss/3gg7@at er t han 10% and a 5 pile paranet er PCI/US9SA5805
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further provide abﬁa eﬁ al:t ie avi n eae?nératmnog sta
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schematically r reﬁfé}%ﬁ of an
abr asi on- resmtgﬁt surfta ﬁ:b (tage |n\éﬁate &ﬁ{ E c SJ}' H‘(a)

like groups of fibePBt: stabil ps @ Fbﬁ 1attgching

U- shaped I ooh&lﬂsﬁc(ﬂemmtgmﬂdwmbdsm@&t. \/\/m ch | oops 10 are

i mobilized in resin 15 s 30 7 cﬂﬂwhﬂg‘ﬁ{ abridigiee
18 of the resin- lrrpregna?‘hgl venﬁsﬁ Gfdéﬁsﬁﬁﬁ@dﬂ&l ¢ .l 3
WD 96/ 35578 resistant composite sheet attached to at least a portion of the surface of the
PCT/ US95/ C68C6 30  articlé.i Thevempesite sheétseprovidesuifice iayepsthat adel capable of
perpendi cul ar to UpQeh il Wybénbeek 40-grit abrasion-testing (as described hereinafter):

with a loss in thickness of no more than 50 microns/1,000 cycles.

B ) N OF THE DRAWINGS
. The invention will be better understood by referring to the attached
35 drawings. Figure 1 schematically represents an idealized magnified cross-
. section of an abrasion-resistant surface layer of the invention, in which pile-
like groups of fibers are in the form of generally vertical inverted U-shaped

loops 10 of height H and base B, which loops 10 are immobilized in resin 15
between upper surface 17 and lower surface 18 of the resin-impregnated
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of the layer and contracted el enents 20 are generally parallel to surfaces
17 and 18. Surface 17 is the surface that is intended to be exposed
to the abrasive conditions. Fig. 2 represents a segnent 11, of a .
yarn or of a bundle 5 of fibers in a nonwoven fibrous |ayer, before
buckl i ng or cowO3s578n of the yarn or |ayer, the segnﬂﬂ""?ﬁ?ﬁ’ﬂﬁ”s

| ocat ed between stitches or fixed points 12 - and 13, which are a
di'stance of S apart ﬁWWaWOO&&WlWWW“PP%m”M
\llvould gppear after g aweg\(ﬂom armatosurfacesﬂh
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the base of the |ayer Asusedﬁaem‘,lﬂhrm:ﬁs m&msbeﬁmwm pidelike br ous

| ayer, a knitted fa ly, as
sh)c/)wn in Fig. 1, th b?@%‘é“%&%‘é@%wﬂ tléﬁw&% than 3
nm from out er sur f abuckied nonworen layess of el

~.abrasi-on. :The resi nfiberspithin/tach bPRsS pile lil&@ oﬁlﬁb\éﬁ!‘hswellasﬂléﬁ%ersof

“".ItOIhLGI Llly(l;re :‘NLI;ﬁr? 10 from MDVi %ﬁfr@m S| dqerF'Ege si de_ .or Jflroa O&Fﬁrllgl%%%cf’fo

" nor il forceB%erO@pcltep.eat ed cycl es of abrasion or rubbing. The
conposite has a w;gw -&éﬁst&iﬁ sitélafuei‘nvbﬂiodmsedsth@ea
d .3

conpressibility (ne sure des rib ere| naftﬁeé %2; which is
6% F%flchablllty

no greater .than 259
and conpressi bili ty;mmobﬂmdbyellys:amthmthe trude
fibers can be npyedgiidmyppéiperdicalafly ﬁwamusnemrmhmtﬂmdcmam be

col | apsed from thei h?prgeﬁégng%'culrta Bﬁs',l%aﬁ&emﬁ Me%rattheba&%?&%'l&fer' S

subj ected to condit
4 WO 96/ 3557Fhe fibrous network can be a nonwoven fibrous layer, a knitted fabric, a

PCT/ US95/ 05805 woven fabric, of thedile0 Typitly s dhowbicinl Fige mtmmbraﬁsena%ﬂace.

| ayer of the abrasi t t
. range of 0.5 to 3 nﬁ&“ﬁ‘?f’%tﬁﬁe@:@hétﬁgﬁ&"% ﬁgﬁﬁﬁ% ?ﬁﬁﬁ%ﬁ%%#{}gd
because it is dBdfitoibeexposedriahrasion Theresin 15 and the fibrous network 20 prevent
the pile-like fibers 10 from moving from side to side or from collapsing into

the layer when the surface of the composite is subjected to lateral and normal
forces during repeated cycles of abrasion or rubbing. The composite has a
stretchability and the resin/pile-fiber layer has a compressibility (measured

35  as described hereinafter), each of which is no greater than 25%, preferably
no greater than 10%. Stretchability and compressibility, respectively are
measures of how much the fibers can be moved from side to side and how
much the fibers can be collapsed from their perpendicular position when the
composite is subjected to conditions of severe abrasion.
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stablllze pile-like layers if the to-be-abraded surface is further than 3
fm s away fromthe horizontal fibrous network. The effective
concentration, cl[err], of the generally vertical pile-like fibers

within the surfacelayer is in the - range of 0.1 to 0.5 gramicnjerr],
preferably i WQME5%nge of 0.15 to 0.4 g/cnferr]. I'n tlﬁgr’gﬁ?ﬂ”%
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the | ayer. The overeslﬁlahtctﬁnpom;hadathickhbssmtﬂiémtgelmstosmm I’Heicknd3ses

the o compos ST e'f'%*para ARG esilse P ginicl ‘?“F%%S@"%%ﬁa o

g/cnierr]. The pi Istabilize pile-}§ theoto- g-ahmeﬁm@ B e
root of the pradu ﬁéﬁﬁh@hbﬂzm&lﬁbrouhhbﬁvéﬁkbelh&m%rmaﬁ@ﬁ, tog,

overal |l density of suréql 'aXIepxle-hﬂeeﬁ%E}se tln% ressed
i

by the fornula, P™=
layer of a conposiranges 1o 0.5 gram/cm3nprefierably in the rangec Q;lﬁr#bﬁﬂ@/ym%tl | ed
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nost fibers and résins ., " |t ruelnt

densities of at Ié&gp@%ha%rfﬁ? Q m le \Pegr/&f] ?P €s of
aﬁ hi gh as/ 1rr[2 g/(patmct}:rPaaddeﬁnalliemgi;sthesqumrerootofﬂiepmdueeefﬁfep;leeater .
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i ghter wei ght an%ore ?ﬁ%&ﬁ&f@pﬁei’%ﬂ e@%s r ayﬁvo p ©
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erml oyed in the CO”DOSI’ﬂy@icaﬂbﬁﬂ:d’ﬂtﬁcéM@@ﬁﬁ%ﬁpﬁsit@ﬁhe&bfﬂ%iﬂv&ﬁhoﬂisberS

i nventi on hav ﬁ;r%?%iﬁ@xﬁﬁs%%mﬁ%”@ﬁﬁ bl BAR Eoall

0.1-g/cnferr] | i nivoidsa Argpuer-albdensityrafithe surface Iager of gdoast 84 g/c
| ‘*lpreferred F?r fe'géhéféﬂbhohiﬁieﬂﬁn%du‘lbﬂ%fcﬁ@ automancaniaﬁhpne;mrﬁréﬁbbens
~lower percen [ eS|
" Various types Pg &é‘@b‘ﬁ%&#@‘g‘f%’ﬁ“‘ \*tfg i(?a,%lq%eanﬁ%m?sﬁ%
fiber bundl es |n mmcyemimwyal\mhmeafﬂpkymbmammmﬁbmgnM| -
ol yosters, 35 Suatle for el Wm‘“ﬁeﬁ“"@w““‘e‘?“%’s o des.
copol yners and Ifwé%&w@ﬁﬁﬂ%p%sy&aﬁ? ngfgmg ﬂﬁ‘g&
t her mopl astic or densities ofigneates ¢han h.g/ere moﬁmemplatetkforﬂucmﬁmnnNmMﬁt
SuTtanl e for a2e Fo e e ot Tty UL s O e
Th the i nvent i on JGHERE QS 0] ES%RES Profeired. Haually, digh Aotits of fodin afd
5 WO 96/ 358mployed in the composites that have Jow concentrations of vertical fibers in
IF’ng /e rUS9% 328g§ fﬂw surfatedayé&! Foi leihﬁplw?ﬁgm%:bbﬂmfs dt?af m\}eanim garamn

yer. v | | but | S u y
di stributed throu&#&'ﬁv‘fﬁi& b%cqqeggﬂ'aﬁév car tiie Tower Wery t bI y S
concentrat ed Aear eonstitating 7 maowmm:spmfemdamwanvelyhlgh
end mechani cal |y ﬁb&ﬁé&%&nﬁﬁh&ﬁ@l@ﬂ&ﬁ&ﬂéﬁgéslwﬂﬁﬁoaﬁwskd(eF530-so%) The
resins can be applied RP Ihet}%els%ffréstixexsrageaéﬁtrabieq‘ %moi) BS54SR fibers or

fiber bundles in the generally vertical position. Particularly useful polymeric

. resins include polyurethanes, epoxies , synthetic rubbers, polyesters,
| 35  polyacrylates, polyethers, polyetheresters, polyamides, copolymers and
. mixtures thereof and the Iike. The resins can be thermoplastic or

thermosetting. Very soft resins, for example soft rubber latexes or resins that
are highly foamed, generally are not suitable for use in the present invention.
Resins suitable for use in the invention adhere well to the fibers and usually
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conventional ways, as for exanple, by dipping, spraying, calendering,
applying with a doctor knife, or other such techniques. . The resin may be
applied froma solution, dispersion-or slurry or by nelting a | ayer of the
resin and forC|ng it into the layet of vertical fibers. The resin
al so can be ™O9¥3ssWoduced as adhesive particles or as bi ndePCI/USS10S805hat
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Af ter incorporati oapplyingwithaplobmr[lmﬁ'e, éndtherétmhmhmqnesr Thieresin miay
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abrasion than as| asherdesiraé density afosticsl Mmmmerlaymh&bwmr whenier ,

relatively nore we ﬂ:ﬁtﬁﬁlﬁcé fndiro ~
the fiber/resin Iaxer t|o oV, ala r of 18840/ esarre
resin i's not contalnlng

no fibers or ﬂlmg@e[ﬂhetmbafbgeﬁeﬁbzmhmﬁeebpnsmoned yers
of. corrp03|tes of th‘ﬁermc Srati G nitS FheSp ﬂé—ﬁk@ﬁﬁeefr’]ltﬁ?

resi st ant e rocess qof heflr
provides a fab??c FW%H' nventio ‘"‘f i‘;ﬁ jﬁfﬁﬁ
pile-1ike fiber | aﬁberla?amseﬂpﬂss&dmﬂudhessbyashﬂemsﬁ%,ethtpﬂe-

layer” neans a sur§gh&they r }m

posi ti oned gener al %vertlﬁalw%ﬁéﬁ?ﬁsu f f th 1@1&1 rlt%an&k&ﬁlﬁnﬁ@

6 . WO 96/ 355 eet ha eCr onICSIStance

PCT/ US95/ 05805 The smfaenlaym@fdaumoute sheee of thermucm:mn ismmch mobre he
process of the,s quo \@g,ﬁ o' vadtic dl

derived froma sub&%géhgﬁugﬁ ﬂxﬁ % r ous onvvove |ch
is subjected to a t og{ayﬁrmw ch % e@éageet%%mc rP°§

fibers to buckle oexamlile;dmﬁdsaesofﬁnenwmbhdmwng&erm%ﬁhesmasmmfabr| c

to formthe pile-Ilj bﬁi‘beSOto 150 Ha& ol the
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30 harder, relauvely more wear-resistant resins are employed, the advantage of
the fiber/resin layer of the invention over a layer of 100% of the same resin
is not as great. However, compared to surface layers containing no fibers or
containing primarily horizontal fibers, surface layers of composites of the
invention still are very much more abrasion resistant.

35 In the process of the invention, the first step provides a fabric that has,
or has the capability of forming, a pile-like fiber layer. As used herein, the
term "pile-like fiber layer” means a surface layer of a fabric within which
fibers are positioned generally vertical to the surface of the fabric.




I n pért froma nonbb_nded fi brous nonwoven, typically have an average
spacing (i.e., base B) in the range of 0.1 to 2 mm and a hei ght-to-base
ratio 10 of at least 0.5. Loop spacings as small as 0.1 nm and height to

base ratios of as large as 15 can be achieved when the layer is

hi ghl y contr asneee/ass78g. , by a factor of 10 to 15) and REBVUSOHLSEPS

el ement s capabl e of formng pile Il e- like fibers are included
in the structure (e.g. Inahmrdmwitgseﬂwnmb@mnnﬂshﬁ'theprocessﬁthehl ng
patterns). Practicqgﬁqoﬁ, \&?uéd!ﬁbb’r Eauxmam&s%mﬁalythe |
| oops, are describe the .est

A typical nonwoven Pﬁ%\sﬁ &”oﬁ&eﬂ‘g’ ﬁ“’(.hntﬁ Pﬁﬁ'ﬁp%ﬁqwonm '

process of the |nvethanoansessﬁhersmgoupﬂpﬁﬁbmaommﬂomlﬁyheﬂammdfm of

staple fibers ok cGfrl qﬂ&e&t’,hex ﬁﬁ?ﬂ

materjals are refe edt lggtlvy#/ﬂ&da?d The ers are
20 naturally occu rﬁ'ggﬁl’m*&@%i BSbers
t hat are snﬁhmdt Ushapedloops,aftheight §band base B- &uchlmps;whenlfoﬂned

short interval (e 'ﬁi%sﬁ&ﬂ%bﬂﬁfﬁfﬁ%“%ﬁs%m%%%ﬁéiﬁ% %Pﬁ%‘%vf ¥

range of 15 to 100 Sg#@ﬁg)(’sﬁuhﬁs&B)mtheW beight-torhagyratio
g/nferr]. Suitabl eofatkased.s. tspacif mﬂlaeﬁlmﬁﬂxﬁ/hﬁghtiwmsdtiwdf

I ncl ude carded web

fabrics, spunbonde%sg%géfiL Q:aig% %#@B&F’s%’ﬁm&(ﬁ%ﬁ%&& 8- bya
webs, felts, adhesf8@py emsscana m fAvpile-
sui tabl e; smmmawwmm s&ﬁeuﬁt(égcbﬂierh@nlvlﬁﬁc thor t

i nterval s. Kk .of h an
be acconplished i nm%m%‘ WM&% ﬁ%‘fgaﬁ%ﬂcﬁ%f’g
el ement, or array dhe loops, aredemhedtbelowmﬂmmagap ontﬂstmeﬂmds;ttent |y
attached to the fi brousA al nonwoven fi W?&E@W

| ocations is typi cal east mg t o, a
buckl i ng. Then, th®T m M]r?'ss“@taﬁggéléﬂo?ﬁfmd%gweb of
contract so that t Isﬁpkﬁhemforlcbnuﬂudnsﬁlmnbmsaftemlddeemdm&ﬁhrbus:ant |y

and-. 35 --groups of. I re the
and. . 35 910 ;ﬁatpmﬁms fhf a&ﬁ%ﬁéo gﬁ?ﬁ naﬁé}@ THE BbeRShre

contraction 'car?"be H&ey%g ‘g’é*f‘“ha

over f eeding the Iamsmdlerhhamﬁmmmgmans-mmaxemfmed Prefertedch t he

contracti ble el ene o 3 . : 7
V0 967 35578 HbFous layers are capable of buckling over a relatively short interval (e.g. as

PCT/ US95/ 05805 ~ small as 1 mm)and typically weigh in the rangepfol S.40-100 grams/square
suitable for use i md&uepmfembl;tlessthanﬁﬂg{n@ntSmﬂbldfmatemkﬁwﬂ;e startingonwoven

sy ver, éﬁ”ygﬁg%’g%*ﬁﬁh %‘?ml“de Wﬁg&i -1*3%5&*-‘&% o
%ﬁéhsets,asl £i .aﬁwr

are suitable yarns SPapla EE’E»lsBPE
stitching, the tenmmmemmmmﬂedmmerﬂmdlkemmtsmmble,

contraction and brg |ng
el e e e”e“t 1 ﬁwﬁy offhe, i HW“ FERIE A
hydraul i ¢ ent angl emmbfseveral wa)adtﬁmexample,atwntmtﬁhielelﬁmﬂmm amay of t he
like. Thereafter, CEARAAbIOPIehidfts, can be intermittently attached to the fibrous layer.
The spacing between attachment locations is typically at least 1 mm to aliow
for efficient buckling. Then, the element or array of elements is cansed to
- contract so that the area of the fibrous layer is decreased significantly and
35 groups of fibers buckle out of the plane of the layer. Before the contractible
elements are attached, additional gathering or contraction can be imparted to
the fibrous starting layer by overfeeding the layer to the apparatus being
employed to attach the contractible elements. .




o extended el enents can be rel eased to cause |ayer contraction and

buckl i ng. O her types of contractible elenents, which shrink
on being treated wi th heat, noisture, chemicals or the |like can be
attached intermttently to the fibrous layer without initial tension
or extensi on WP6BE578 enents. After attachment, the cRFI/ERISNIBAS of

the contractible elenents can be activated by 15 appropriate treatnent.

Still another way of acMamytypesiofsontractible elements.are snitable fon ysedn the present
fibrous |ayer IHVOMﬁnomtBbmiahqﬂtIthenbﬁmbemﬂbﬁdneliyebbwbebﬁmhboﬁdech

Thee o G ecti oSl oRER Ridel pafioh, oxfinbl Bl orsgéié BPEAE. | i

substrates, 20 whpandex yamsiaad the msnltsbbm dﬁﬂ’@ﬁht ically
teﬁpeil ence 5. bﬁttehagt Iﬁatérm stitehing; smbltmsfmbx@m measédt@cmswdd:mtdlh n
e transverse direction an ne e
anmount of stretch. W andbu%mgﬂftﬂg ‘?‘WDSY% tipéﬁ?dgﬁt&ﬁf‘ﬁgh%n g
fibrous |ayer to t klastic elementsinghe form ofwarps,cross wetpsy Blmsor the dikec¢anbe and
necki ng-in operati &Qnﬂ &‘aﬁﬂ Eﬂaﬁ%&ﬁ%ﬁ to the
conbi ned | ayer and &ijﬁstraéﬁﬁﬁcﬁﬁ&gggfﬁﬁrégsnltag ebreas t et’ ea of
the fibrous |ayer & B?‘LB&O‘B dikes | %&o‘F&fui red
by the processiof e#endeddunentacanberdeasedtocatselayérmonmmhmﬂihgi he

i nvention, the pile- I| f o i onal
yarns in a knit Orw%:iqep ei‘éﬁfec E t?& cohs ruct ?1 c %i’ﬁg{l}tl bl e
el enents. Wen the e like can be attec eﬂmnéy B®he
fabric decreases sﬂ@rﬁﬁronsahthwnﬂawmmmkmimorextensmmeheehmhtsjm of

the fabric to gath on
~fromthe horlzgnt a%ewmer% MN’I n aﬁg%ﬁanbeacmﬁy

enbodi ment, th& pi ARrePREde -ncI udes I 00ps of fibers that project from
35 wapping yarns thatSﬁEm complishinphie dontrettion iand Gucklivg of the
contractible Ao yar ns

t hat can be contrac@%&gwﬂ aﬁﬁ’ibuw&%%@;@?mgmﬁﬂé Iayers
than do cont r act edstegtehable substr ation, that is yrensversei toghe 1 esi n

L&?B@QE?SSZSE‘“'m“t‘h"""“‘“‘”“‘*t’““m“ ““@h o2 ekap @mth’“‘”“ﬁ“’a |

C e snhel W e
yarns possess B pi m&&cﬁe‘ﬁ’gg &%F@%m%ﬂ%w -
buckl ed nonwoven fsmballsam\@mblecontracuon(le mclsm)mﬂtﬁmvm@armS
of the invention, By @ k@otitthat BX&6 o 2ireb times the amofisy ofstdtdh. OTh, -

conbi nation of a c onwoven
fabric, |oose w appi %ns’%@%{w ﬁ%%gl{#g%& sﬁretcilabﬂ and/ or
a buckl ed non-el as® tbgfore th grlmmmm @pymg

like layer is 3r ngg st forbeertotuaainhmnéd sk subgtriR] S sighificastly rom a

ati sfactory yarn GRS @%gf@g“ﬁ?l‘%@e% %gﬁﬁéﬁm%@‘éﬁﬁs%ﬁﬂm
buckl i ng, 10 heoasgequiredby the inweations m | n yet another
enbodi ment of the mdm%&wmﬂmbﬂmﬁﬂvﬁﬁ@,wﬂshmhymfﬁmﬁbto

of 1 ﬁZ‘SSr22&?61‘?1%@@#&&“&@yamd!*%@é#ﬁ?\&?ﬂ%%%ﬁfl on yarn
means a yarn h¥vi rRpnstructed witheontragiible glements. e Whenh mmca"almgma#sa astic
or shrinkabl e yamcontasg tikaea of the fabric decreases significantly and causes the

conventional yarns of the fabric to gather and buckle and project in a vertical

direction from the horizontal plane of the gathered fabric. In another

embodiment, the pile-like layer includes loops of fibers that project from

35  wrapping yams that were loosely wrapped around the axis of the contractible

core of an elastic combination yamn. Generally, yarns that can be contracted

and buckled provide denser pile-like layers than do contracted and buckled

‘nonwoven fibrous layers. After resin is applied according to the invention,




15 by'anon-cqntracti bl e conventional "wapping” yarn or "covering" yarn.

TFhe wr appi ng -or covering yarn may be of any natural or synthetic

fi ber. The wr appi ng nay be conbined with the elastic core while the
elastic core is . under tension by cenventional w appi ng wi ndi n

pl yi ng, cover WR96/33578 et entangling or intermngling, WP%R%

The core may be a yarn or 20 npnofil anent of any elastic materl al. Cores
of spandex yarn aréhpmmpta@mposneshwtquemﬂabwﬂgdymmsmmgw

| O?S eldyd( el g. ; fEV\Bdhrhéiéﬁlréhdtaﬂeet t&ﬁaﬂlﬂhke wiade with buckled honwowaieSbrui layers.
ext ended el astic core @ﬂﬁi@@ !é E@%ﬂ
contracts and the gﬁgﬁyﬁw éﬁtﬁtﬂd& ggtn %%F%&et he
core. \Wien a fabri fram awe: nfia l‘9§$n
tzﬁe nder tigfln%gontr ct“teh 0% wiRphilg R ar o{)ﬁg&e ¢ tr gﬁPbﬁ
. ut i

pile-like fibers t or bu W%%’%g%ﬁtﬁm ym%%rﬂjleyar n
i s wound t oo tlghtllgkelayerzsfemdpam%etmll)cﬂomwclﬂ@ fronyar n
'h the bontract | on it afwhletPlabeic, the knitie? v A

n the contraction ste e ess e
fabric from which t%‘f?& W&‘;‘%&F& ;OVB’ Ya 3’““@1‘3&1 miégﬁéuqa‘iié‘ﬁo
. of at Iemst lmveprﬂtdengﬂp atieaételmm)ghwtaﬁoﬂmrtﬁxbadﬂnmmftthaes by a
factor as | Vet mﬂ'{]@: d ekl rﬁ’engﬁir

“during appli catlon 0 n,1§ resin. gr gﬁ)g ca,nno%a%eg con %ﬁ?egﬂe
after the resin ha@?&c@ﬁﬁ%&awﬂwﬁ zj%apmwsﬂ the _contraction
step;the concentration Museﬂﬂterem,lamxhbmahonyaminlekﬁsi vimg 4he surface
| ayer of the fabric C re
[ rr¥mb| lized in pl ac g@ﬁ‘#&@%°%8%&$§p§ﬁﬁbe§*e%h%mmﬁﬁ
amount in the r¥ngédys non-contragtible conveantional Iwreppina? yem ansoverdng!- yarn. Th

contai ning | ayer (lmiﬂ&fﬁov&ﬁng?ﬂhwﬁebfhﬁyhh@dfdr@h&uclﬁ%g%@

h
bCT/ Usos/ 05805 WHRPPITEIuRY,be pemmhined wit he clastic cors wiils tHE SIRSHF 88 Is,
at | east 70% of thmmonbycowmmwmmmmvmanﬂesm

-.1s disstri buted uni f me e Igaygm fibers..
However, as Io as th I ke ‘I Re orﬂall?hké Thé%fe%%ﬁﬁel | zedlﬁiQ d

" "Subst antial | y tl%ﬁ?‘o Vi W’g‘atqms(?ﬁs? p@f
somewhat non- uni f or. mammgymlss)mhmpdl@pseb{ g, fme;éhamMumSAnch)omhn
the layer. The voi dstefigionédimd AvRerPthiEReRsion ig ﬂfe ahe core

vol une of the |ayer. di n ela er of volds to etely fill th
aver w1 h GBEBFS 84 g WRARpYSE yain n#raetﬁan@@@"ﬁﬂe Wﬂ@m%
pur pose are avoi dedore. Whenacﬁbaazskmhemmmnmmﬂeémb@mbmmnmh
the fibers and jgef hger teASion, When teiehsioh iFreldask® Hont fHle RAMihatsh vy al

pile-like fibers in the resm/f

i nprovenents in ab/%ER &N ﬁgé"rﬂmﬁmﬁweg&’eﬁ Sﬁ&bﬁ?ﬁ{‘fgﬁb&rﬂ

Zheet S bOIj t Be i nverthé surface layer However, lfﬂlem'mppunglylm is weoupid| too Itightlyf abri cs
escri bed above, ;
can be produced fr mﬂ&e etff\{sg;gagf’ the coembxﬁﬁﬁ&i abrii csoﬁgﬁc h%ﬂ??ggbﬁ)l e
fabrics, velvets, elours so long as the fabrics have
apile hei ght aad a pi | énfhdmnmﬁlepa)flthﬂmmsﬁ of the énvention, the area of the
fabric from which the vertical fibers are derived is contracted by a factor of
at least 2, preferably in the range of 3 to 10 and sometimes by a factor as
high as 15. The contraction step is employed before or during application of
. the resin. The fabric cannot be contracted after the resin has become set.
35 As a result of the contraction step, the concentration of vertical pile-
like fibers in the surface layer of the fabric is significantly increased. Then,
the fibers are immobilized in place by adding a resin to the surface layer, in
an amount in the range of 30 to 90% of the total weight of the resin-
containing layer (i.e., weight of resin and pile-like fibers). Preferably the
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requi renents of the present invention and the fabrics are capable of being
conbined with resin to produce a |ayer having a pile paraneter of at |east
0.3 g/cnerr]. Such starting fabrics typically have pile-fiber
concentrations in the 20 range of 0.05 to 0.15 g/cnferr]. In co osite
sheets made WMOHPSBEIB f abrics, the resin typically a

| east two-thirds of the total weight_of the pi I ke r/r
surface |ayer. The fs&mm‘&f@ﬁ&hﬁtiﬁ%tﬂﬁé%ﬁtﬂﬁ%lﬁ?mm%}ﬂp

Itaygrgl s gener a}'ﬁ{“’é’ !hyérgﬂ'yﬁbﬂﬂy,]ﬂleﬁ‘slhfﬂrcﬁktﬁbmdunﬂrbrmlylﬂnough@tS
) gl/c
prefered because tr@ Ia]y?é ﬁﬁ@ﬁ%rhgyg Q&‘paféfe%@fﬁ eﬁéﬁ a?é
conpressi on and pi mmqtﬂ&edmasu stontiallse W angﬁ%ﬁﬁil on
?th ep gnd ul ti maiel %becsaﬁxelmmnéﬁxumﬁonnandmmmtsaqu lasdeovdid fietion in

e abrasion-resis urface | | n
o rest atant o | atbyiaet TRE Fois il Empaiighs aﬁrﬁaﬁﬁ*g%#ﬁﬁ%w
stretchability 30 volmmiof:ﬂmiumsrm&dmg layeeof-voigeotn camplately fillthe layer
cheet Is affect iéer‘ﬁ&#“‘s‘ﬁ paneoespary: % ot equcs o 433 plpose AERRIA i ch
t he prIeIrkefrbe ﬁ?%mm Wﬁ"ﬁb&hﬁ% “ﬁr‘%@fﬁ‘i‘s
fibers protruddo Arﬁherﬂﬁommmrposmom MNextical piledlike fibers\in the resin/fiber

ocated wi t hi n abottiye? afEsbntidl foOMh GnpfoVehAf abhibfor FAGRBRoE Brovidéd byipar !

35 non-stret chabi I| to th esl nabi her surface layer. For |o
stretchability andtﬁé’ rG\ﬁEIE BEB 'ir a hard resin rather than a

softer one, is preferre&laddmontotlmtpﬂeelllkesfabhésdes,cnbédnbwecoompemamletset

in any linear dire tﬂ'ﬁm# ﬁﬁ,ﬁﬁg B&'&ﬂﬁgd% of
strong, substantlal tret e anBE fficf ets &ebs

cross-warps or #hefa VEG quettes,and m‘ssolongas

écc):T/ o5/ O\é\18)026/ SSWQfabncshaveapﬂehexghtanda lleﬁberconcentrauonmthmthe |
made

by any conveni ent ‘e‘l““a"%?r’fégans ?ﬁésﬁa% ul ng %Eerrra‘{sq’g@ |ng or {zﬁ%

i ke. capbinedwith sasing Iaex having 8 pile peracwater k&t 1eass.3ar o

suitable for. g/ask Suchnstaing 1canyhﬁ+eepﬂe-ﬁba-66meﬁﬁaﬁmmehe

nol ded into var t0501§r39 m@%u@a ﬂig#&h%hﬁéﬂ ttﬂéal e
| ayers, or can a%@éaq‘}"?go% varlou ans surac
portions of the suF?%% ot Jeast two- dsaﬂﬂ‘héF@%‘WE‘EbF ﬁbﬁé’ﬂehe
articles with abrahkelﬁbeﬂmshtamelﬁmr Theopewall density oftherpileilike fibeekésin of

the invention are V:] fa \,
aut onoti ve engi ne ﬁ%;‘:i;@k I] %ﬁeir FIH %ﬁ%ﬁ%wg‘ﬁ og %r‘gf” 10
protective pads, WB(@F# Sﬂisprﬁbe
surfaces, etc. z?hehighbﬁdaiyitgq:immmismom msﬁh@eﬁds iléﬁbbra

irrg\r/gnfjia(r)rgndl ng A g%?gdsﬂdﬁ conashfqmg’ gn?é&%%ipﬁrﬁﬁxﬁﬁfep %hggl teO '

portions of shoes, mege gbgrasion resistantlayer HaYeadust ri al bags that are often dragged
on concrete floors, beamgbnﬁbhmmﬂﬁnfméofmmmposﬁgsmwmenivemﬁs

soccer balls, heav fSvert
pads, and the Ilkey“"l%git"%n @WL&Y cﬂcomp?%fgxﬂ,oylféow ng é%ods
and procedures%r e and eoMPEESHbULY 9 apmaaswsheetcmcbmyﬁdsw%@m
resin-inpregnated Thé stretehatiilityhef the comipbsite sheet is affected greatly by the horizontal

fibrous network to which the pile-like fibers are attached and from which the
pile-like fibers protrude. An inherently non-stretchable fiber network,
located within about 3 mm of the outer surface of the composite, can impart

35  non-stretchability to the resin-fiber surface layer. For low stretchability and
low compressibility, a hard resin, rather than a softer oné, is preferred.
Lateral stability of the composite sheet in any linear direction also can be
achieved by the attachment of strong, substantially non-stretchable strips,
films, sheets, webs, cross-warps or the like to the back surface of the
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20 In conposite sheets of the invention, which have vertical
pile-1ike fibers farmed by the buckling of a nonwoven fibrous |ayer
or by the buckling of yarn segnments over. short intervals, inverted
U-shaped | oops are forned from buckl ed groups of fibers or from
buckl ed yar ns WO96S588i ght H and t he base B of the U shZEEHPSPHYIES of
buckl ed groups of fibers'are determined 25 fromnagnified (e.g, 15-20X)
phot oni crogr aphs ofbuasinneregistant layer. oThe atachment mayvbsmagde by uyicopyenient e

| oops in a plane pwcyu@yhg ﬁﬁ%ﬂ;ﬁmﬂmaﬁ ding drihe like, fibrous | ayer.

The data are then used t %B@ogﬁ%%&o%@emﬁysmbée&rﬂy o

magni fi cati on i croscop
pernmit direct neasmsemany) flifferentcaraclesis The

30 equal to thg |ver
& aﬁt é@%s‘;éiﬂ%lé%‘ihﬁﬁ 6@6@% Mcﬁw

m or ot er averagemp%ma“ .15, s crporg dfdr?ps siiand o Vi SE‘gI

probe which appli emlestoprovmaﬂwmlasaviﬂt abmbenmmcedmetamﬂe A
digital mcroneter dite ﬁé&“m%@%ﬂm‘ﬁ ﬁysh%g? g%o%}k\]apan

I s- convenient for t measur enent I on*t

above-descri bed me%@s a eaPPPF °9’éﬁth!%1°
det erm ned by asa Mpﬁsmmgﬂsbbekbtbodssbagsluggagqfsaﬂms, seating

fiber/resin | ayer
during resin applnf‘:ft{i%“L a r M%ﬁ%ng tlon oﬁ'jﬂfﬁ“ﬁ@ﬁ%“g& U

IS . seen near aﬂh me-’tﬂ'ét ctlon
of straight © abrasion condmons, such as toe, heel and/or sole portibhs of shoes, ¥Bttoms

96/ 35578
PCT/ Us95/ 05805 Of indusisial bags that are offen iragged.on concrets floors, hraring susfaces
readi |y observasl e of futetacting mechanical partscsuceer bails, héavmdMyﬁvdIkbootSaglms,ur

during resin appli qehRByclitt &fifrel pads, ardfedkee i n pile-fiber layer

t hi ckness during resi I |cat|on can decr ease t he abrasion

resi stance of the ﬁﬁ%ﬁ%om te sheet, espeC| ally when the pile S

fiber concentration is ':i‘hafollowng mmmsdmmmmmS
“-sui tabl-e for.use.i thé?ééﬁl g%atedfabncs ofmelﬁehgbﬁhabl lity, S,

is determ ned b a tt eC| asurin m WM.

10- cm lonhg sanﬁXe from HT%F*&EF% ertic p‘g’t'gﬁ%ard

length, L[err], onfibers fopnedbyﬂaqohuddlhgmfmmlenrfg:mmyar arby the)buckliog

suspendl ng a 1.0-Kiyf 3 he
wei ght suspended, re % the.' tm%ge %ghﬁ?éag%iaps(ﬂ%ﬂx%&

| engt h bei ng desi g and the
stretchability, %SbaseBofthé:)U-shhped bupsloﬁbn&lﬂedcgﬂﬁ@s(dfﬁberq are detexmmed

Llerr])/L[err]. &ﬁ{sgns

measuring the C angqe |n )¢ 60%21%?, e sur e- | ﬁeo

| ayer of the conpo (b)
under a pressure oﬁbﬂﬁiswymmmhﬁemquatemfmmerAlowA

t hi ckness gage is %ﬁ/

onto the pile fiber eshu g{,‘blé= ﬁ ﬂgl; cal oo of 1/.4- %lﬁch
(0.64-cm di anet er PEFRE tﬂggﬁ Si by
20 the fornul 39 ‘Vé‘qualft@ﬂlc(miaimess of th@ eonﬁadte(! fibrdus lamerawdtemmdy,uhe

ot 6551 bl o hor i 2 "?“‘% ?‘o“ H BitPbe fidiBfe PR e dnidom &0 T ayer
antrzlrp to assure that (0.64-cm) dPameter cyimd{}cﬂpmté*%m& lies 5

lo-gram load to the contacted surface. A digital micrometer, model APB-
1D, manufactured by Mitutoyo of Japan is convenient for the measurement.
35 In addition to the above-described method, "verticality” of pile-like
- fibers can be determined by examination of a magnified cross-section of the
fiber/resin layer. If loops are "crushed" or excessively "pushed down"
during resin application, a relatively long flat portion of the inverted U is
seen near the outer surface of the fiber/resin layer. Deflection of straight
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characteristics of the pile fiber/resin layer that are bei.ng neasured, the
horizontal fibrous network is carefully renoved by sanding until only the
25 pilelresin | ayer remains. The unit weight of a fabric.or
fibrous layer is neasured according to . . ASTM Method D 3776-79. The
density of thWO9685578i npregnated fabric is det er ni ned BGTGIEOPABOYn;
wei ght and its neasured thickness. The void fraction of the |ayer

can be readily det Gbstsmryamsdiomiacvertion] positionalsods readily chservable: .Snch
density of the | aygéversdefidetiondf pite fiberrcancneut dwingfesinapplichtion.aAB30%

resin in the layer . d

total gather are ng%emgﬂe fiber repo?@&g ﬁeregms%%&%gﬂ%%%%

how nuch an i ni ti atherabsasior resisjance of en thepile ¢

?;ttge %e‘r:ﬁt Qggf gg. to th ﬁ!ﬁﬁrﬁh&loﬁ@re the to;]fgﬁ nvent oﬁdv\,h ch
[ [ [ i nv [ [

enpl oy a buckl ed @W&i’@%f? %g&’g&%fl ned as the ratio of

the initial area of a ssmtchalyllm S;ml:temnmw (n)amngespmmneaemnng

tsPletlcﬁ)t/)g;\d: nm;eglt ael|to ldt’nwgdé caus sﬁiggﬁ?&gﬁgﬁ E‘ﬁ?i&t‘g&é‘:ﬂ n&es |on of

lengﬁ € specimen p to o €ns1o!
12 WD 96/ 35
PCT/ US95/ 0580510 suspendmg arbﬂ»kﬂnymiwmghtﬁnm specitherefor 2amirmtesp(d)cwith the s

being fed to the OFH mmg%ml ‘Oﬂnér@- ge of
t he amount of furt contr ct.lon N\WOV er un es a
result of the speclength Pgnhate r(e)‘falﬁ’lgﬂ t%e ?Eﬁé %?

“stitchbonding and byetlmﬁmnnla,ﬂ@tsllmafolubms t o whi ch the 5 i brous
layer was intermttentl|

ed as
the area of the fi rous ? I as ’t @hgrs E% épem I'C opera vi ded

by the 3 ea sin Lnyenaf ¢ FRIMpOte; qbpe(%
operation. The tOtﬁixdaaio sure, mcbramtmwmmnasoﬂs(snelenZ)

Che reci procal of ﬁé&?ﬁ%ﬁ%ﬁﬂ%ﬂg é#?qz?%'PWKﬂZ*‘"@q%f
the final area of OWO pile exlmcqmpqsmﬂmughmcyhndmaafoq
st-arting . fibrous | @/64-cm) diameter: Then, 26impyésibility, %G}‘i&calculatedby

IR e D e

pi l e-1ike) positi odetarminationsyeansed by the presenceaf a sompressiblg hogizontsl fibroyss e
~to abrasion: For fadtiogl withinthedmprdpmatid Iaydridad tb abwuire that it islthe ved

ciective PR o e A ﬁf@kiﬁm@’é%ﬁ'ﬁ%?‘#%ﬁ% 5 yarns

in aunit of area honzontal W?f ﬁé’ai arly
if the pile-lige ypﬁejfesﬁfhyerremamsprow ded by buckl ed yarns that had been

| oosel y wrapped around fh"?‘%ﬁ @ ggﬂ},ﬁlt%sﬁ%uygg,g,{sfm&sﬂ&% anny agf‘d‘

permtted to contract W appl ng yar ns

i ncluded in the caAﬁMMﬂ@dP@Héng&nnﬁﬂmﬁwsﬂ'We ted fabgicds | but
the wei ght of the @gdtamined Goncits Gnib Weight ahd iie theabwred thicksess! The void sheets

o 415 oLt ok o 38 A i o o
30 over-all density of the layer and the weights and densities of the fiber and
resin in the layer.

Over-feed ratio, contraction ratio and total gather are parameters
reported herein which are measures of how much an initial fibrous layer
contracts or gathers as a result of the operations to which the layer is

35 subjected. The over-feed ratio, which applies only to the embodiments of
the invention which employ a buckled nonwoven fibrous layer, is defined as
the ratio of the initial area of a starting fibrous nonwoven layer to the area of
the layer immediately up-stream of a first processing step (e.g., &
stitchbonding step). Over-feed causes buckling, gathering or compression of
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25 Iayer is included in the calculatlon of the pile-fiber concentration.

The present inventor found empirically, that the

abr asi on-resi stance-versus-pil e- parameter data for conposites -of .
the invention_correlate nuch better when - only half the vve t of t he
buckl ed nonwoY¥M?435B88ous | ayer is enpl oyed rat her than RGH 5%9

wei ght said | ayer. ThIS reflects .t f.act, t hat e-Jike fibers forrred
o buckl ed har d’ §i RERSE 1Ay the AESctiagn.which i is being 4 to the Gpérgligh.
more effective in mmwodua@mnmlwammumtoﬁtheammhefﬁmmsommomhe

than are pile-like @%QCM :
fi brous | ayer. Thusth?ﬁe eiwd&éwﬁ%ﬂbg& t,ratjion, err 1::
10[err] kw't, Igpted £¢.8-» gelease qﬁi@n; iop from 819 e
buckl ed nonwovesp flﬂbrmssla aﬁwaémmmwamyattahédy mkd:mrhcnanmmsdeﬁneﬂ,asw

s the unit weight
and t is the thi ckﬁgégggﬁf%éewg%m%yer Inﬁld%egfﬁé?g e&éﬂaww
To deternine the al@ressofihe fbrousilayerasdt leavesthe specifip f@m Thetotalgather

1? ect si Onv\;/)‘égg/ ggié défiriedrds theproduet bf thebver-febd dhdlesmtvaction kstios| 'The of

PCT/ US95/ 05805 %“%“P\% qf aginal grep ﬂ%ﬁ*"s‘“‘%“&kﬂf tirtqta) spther and ’sgﬂ“t“’%lﬁ'é‘r y
cloth wapped dfouiteithe ratio of tha-finalsres of the fitrouslayer torthe dnitiabarea pfgheir um i s

osci |l 'ated back an ﬁbrousl eraCross the face of the sanple at 90 cycles
er mnute under a |loa ounds The St
(F:)onduct ed in accordancer&FF# ﬁ?%ﬁﬁP%W%%mﬁﬁmD
- 4157-82. The t hi ckiconcentration ef fibers within the serfacecdlayer of the comiposite sheet which
~aforenentioned thi

abr asion cycl es to%er m ne@(ﬁ?ﬁﬁé—ﬁﬁm?ﬁﬁﬁf%ﬁcﬁgg&@ﬁ%%%éstobe
cycl es. drardabrigs-inwhigh the Eﬁb&%l‘kﬁ“@@eet s
of the Invewbuclded\haﬂym 8., Mn@e&&d&wuﬁﬁtﬁbﬁepﬂﬂéwveycles

iEia?rgInZisde{ ﬁg fabrpggﬁﬁgﬁciiéghﬁﬁéég%ere togr%%hﬁdyﬂgﬁbﬁ%'&%ghgé% "
r Siraidardy, df therpile-ble

conposite sheets. o divided

si‘m | ar corrposnte aéd Bﬁclaé&yﬂukmmlbeen Eh%ramﬁtrétehedla-

sheets of the ven A TACTRY brasj. h
conpar i son com &s@ g 186 B &?witﬁ%%ﬁa%g!%ht 4L
Ar abi ¢ numeral s anmmmmmemwmmcdp@Gmﬂmommmofmepﬂe
Conventional war p- tbﬁ!&h@ Ioﬂwaastscmdsﬁ@rﬁenﬁeabwofb asitd cul ar

repeating stitch p | oved [ e

20 stitchbonded f%‘?‘ﬁ% @eg&gﬁ&gﬁgﬁgﬁp&{ éa%#f@%q
and records fabri capnwnvmeﬁhmwlam $0% ofiths nomioaren &brens cs
of each conposige ﬁs&?ismeﬁzdwhﬂmﬂéiﬂaﬁhmme Mﬁarma@iont MEhesheet

In th | fab t d

sequence (1] r emovEtPsFROAVERRr FH %ﬁ?#%%ﬁ@ﬁ?@?ff%@&%&fﬁwﬂ%
achi eve an initial parameterciatafor composites efthe dnvention comelate nmchibetter when

bei ng | mer eRR; Rdlf theivirdight Sthe butkied nefwbéen fibfoul dyeriis einployeds)

92219 18 ) Bl e e L

30 ers formed from buckled hard yarns and tufted pile fibers, for example,
are more effective in providing abrasion resistance to the composite sheet
than are pile-like fibers formed from contracted-and-buckled nonwoven
fibrous layer. Thus, the effective pile fiber concentration, ceq; = 10-4 kwit,
wherein k is 0.5 for pile-like fibers provided by buckled nonwoven fibrous

35 layers and 1.0 for buckled yarns or tufts, w is the unit weight of the pile-like
yams in grams per square meter and t is the thickness of the surface layer in
centimeters.

To determine the abrasion resistance of samples a Wyzenbeek

"Precision Wear Test Meter”, manufactured by J. K. Technologies Inc. of
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anounts of stretching in the longitudinal and transverse directions during

t he heat setting were used control the final anobunt of contraction
experienced by 30 the fabric. - Two di fferent pol yurethane
resins were used for inpregnating the . . pile-like layer of the

conposi te sanpMeBBSTER', a clear poI yur et hane finish SREHUSRSOE5 t ed
Gl sonl te Laboratories of Scranton ennsyl vani a deS| gnate herein
as "PU-1", was used °ER‘¥ ovrapped 8ro

softer pol yuret hane theascﬁnaﬁaig duhyoﬁheiaesu@um :ﬁnﬁls,oshﬂated(h‘acBenﬂfmﬂk New
Hanpshire was used f tsml, té‘%ﬁeﬁ .
formul ation that vvasa%}Eﬁ ?ae Srwgﬁ ésf?% \éﬁoﬁéﬁa The
sanpl es were resin- inavnd g(% 5& dﬂﬂﬁﬂﬂ' e

applied resin wag S;ﬂieéémesvuﬂmmqtlsv-w mﬁmw&néssla&hewﬁprelgm@math
14 W 96/ 355

PCT/ US95/ 05805 with theafprementioped thickness gas hrfors apd afier a giyen.pymbes of
hours in a hot-air abeasionCyyoles to determinethe weean rage immicranslost peril, 800 egcles.or

fabrics inpregnated y hivvidd alle ﬂﬂewearreﬁﬂnc@% ?ﬁi fsﬁé&téﬁfﬂle
| npregnated with PU,2. The co r essi | t |t ri.
a[)nr)as?on wear rates ipysntion, ?3?)9P ‘ég :@ a‘?’f‘f\lﬁ?ﬁ"g’?s'aelgda

5-mmt hi ck | ayerioof tebelsahsfacmrjcont ai ning no f| bers were as foll ows:

Shore A % Com Density Abr asi on ReS| n har dness
ressibilitt lcnjerr ar . rafe
li). 1 o 9009 cierrl In the itollppgtilg Examples, thefabncatlog and abrasxog rgsistance of

4,500 10 Exanple irmonseomposuesheatbbﬁﬂwmwﬂtmnmmmwdvmmwmw

resin-inpregnated cQips n

that i s outside ltpheﬁp;égg‘%&cpomtfmﬁiﬁ;}&e%&&ftﬂeﬁésﬂsmmé:f?%ers are
formed of Kevl arlPer fithe invention E‘}OIE E@sm Nenour s
& Co.). In Sanple 1comparigen drsitefshbaESSm le%@f&lmbvnﬂdaﬁarelﬁslghmahﬁﬂg

of Kevlar[err] yarn qim r Sﬁﬁ&h fibers
are formed from budagéﬂllzev arfer 'ﬁbnng arns angpgﬂ%ﬂgc ‘nonwoven

fi brous substrate o enplatmerais used 19 cnhe

S?;rplf o @ﬂfehl %ngmetﬁﬂmm
effective pile er

pilelike groups’b Wm@%ﬂﬁ%&%%@% oS sk stdlfnle

| ayer of Kevl ar[err]iln mosmnl Qfmwn
have between about 3aélPcémp osiRh aﬁhen&mibabrasxon &Q&mdn%a@fﬂoésheet.

conpari son Sanple A T
' shggt of Sarrplrrg 1 was a m%wmphgﬁ%rﬁ‘%%ﬁﬁak%@g%\éﬁx%c epar W|th a
"Li ba' machi ne oper sequegce(1)memgyed fonpthe fabric fosming,machine.{2) pllawpd fo cm)
and 22 courses psr iafkigvé ﬁnhﬁﬂrcowhon&bqs) subjected " boil-offbfreitiienf by Geitigt h

400 d 440 d f

cattern of 1-0.4.5 M@?ﬁﬁ@‘&%ﬁ“ CXE‘%@%PE%‘&& (4 Bhib8 ofd igh13) ' "0
conbi nation yarn t hkeatsghon sitentersframe fonl-dSrmimes. 4 3805F (183°€)- The particular
spandex el astic cor gmodfBfitretehid indhe Iingithiinalwidwansvirse diretticns difciig/ thech

heat setting were used control the final amount of contraction experienced by
30 the fabric.

' Two different polyurethane resins were used for impregnating the
pile-like layer of the composite samples. "ZAR", a clear polyurethane finish
sold by United Gilsonite Laboratories of Scranton, Pennsylvania, designated
herein as "PU-1", was used for the samples of Examples 1 and 3. PU-2,a

35  softer polyurethane resin, sold by K. J. Quinn & Co., Inc. of Seabrook, New
Hampshire was used for all the remaining samples. PU-2 is a two-part
formulation that was mixed, applied to the pile fibers and then cured. The
samples were resin-impregnated by conventional dipping techniques. The
applied resin was smoothed with a doctor blade and dried and/or cured with
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30 (2.8/cm, a 70-den (78-dtex) 34-filament texytured polyester yam Upon
renoval of the knit fabric fromthe LIBA nmachine, the as-knit fabric

wei ghed 159 g/nferr]. The as-knit fabric was then boil ed-off and heat
set. As a result the fabric contracted by a factor of 2.6 and

i ncreased itsWRMHHS 0 413 gine. The back bar yarn buclBCTFSPH0I88s m

groups of inverted Ushaped p ke 35 fibers. The tjght w apping of
‘the conbi nation yarthe famgtimn foxjatjeast um%%)h??'ﬂS@Mt Ovene

formation of pile- den eﬁh&umciﬁalhtdwasatﬁﬂq@‘forﬂ‘md‘s with®{-1 and

not-air oven. Crar 4t ?2‘%5?@!*%?%%%%6%}1?“ nsﬂgg?éﬁﬁglé’?ﬁfsﬁﬁﬁw d

are r ecor ded 40ngrit:ahrasion peppates (in microps/1080 Txcles) and Shore A hardness of
PCT/ US95/ 05805 .5 aS-mm-ﬂnckTiﬁr%E%aéhmﬁédﬂtmﬁlﬂ oﬁb&s@@éfeqs&bnoﬁbeet of

Sanple 2 was a two-bar séﬁ&gx)ond?idoﬁ)rl C med with a

140-inch (3.6-neter) wde, two for

stitchbonding a nonvvovenm oushardness . D&S_Slbilﬂachm—was weéargdaléed to 14
gage (14 rows/inch or 5. and gpnserted § 5 stjyches pergggrch (3.5/ cm

in each row. A 34-g/n{er?]yiype Zéjﬂl Sontari[err] 0 spynlagced fi brous
substrate (made by E. L ont de&“Nenour s ot : lar[err] 29

aram d fibers do 1.Exampledl. 7 dtex) per filament and 2.2 cm Iength

was fed to the LIBAvmtIfnﬁg Qgﬁ# Eﬂg%al?@q
stitching threads re ga}e[ Ss t age-ghﬁ:g léﬁg ﬁﬁﬁﬂ Composi
opposi ng 2-cour se \/QSF% Wgﬁ sfthqu

fabric fromthe LI Bém oﬂfld;l ﬂédikelﬂbematerfonhediofl(eal m:lﬂbe:sc’(wldbytE I.du

AT an |t Bl 6 ek RO S IO By

heat set and resin

except that thdsar émckling of Kev] soinjaknitfabiio; In Sgmplei2, thapiledik

contracted by a fagkof mﬁed%&nwdk&hxed&@mg Sands' dHidO BudlddPhon:

had been overfed t e Shi b .l epced a tot

Gat her of 4.3, Fur PO PSIrAE SRAE P EF rstbonded Bhe "B w@# 1ch
of Sanple 2 are ||s°e,emch1srm@e|th@mwnuonbecause ofxtslomeﬂ'onpwpﬁerﬁber
€onposi te sheet:; S%Bﬁbﬁtﬁnon&%dllé pile-like gpad dDflbsera e Vel ght.

- Stietbar st ehbaR: W@x@%%ﬁ@&nﬁﬁky&ﬁ@h@& EoSRnBIE 1.0,
of 4.7/cm and |nscndarfyemmn@mesmmha\(ﬁmabméms%ﬂmﬂwabmmon
Compari son Sanpl e AResidhfic th hayer was overfed 25% and

Ztn:jtghei \i\ll':)h tzhg f:ggat&?lﬁ |nat|£ﬁ %Sén as vvassg%e;ﬂ |Ma§§%:139 Sa Ig
r2es :Dgt ;irr}o;egpat ed, khmfhhtilc that mm aQ'Lngzlzdnnengy(r;nngﬁam)lgeagd and
: 7 percm). The
fesi stance. o?aconpbg&sﬁ 400 n SN e A K28
sheet of conpari sodorseinglagepeatibgmattemn of kOci-3 stitchps.c The ftont her waetlreaded 30
3.1 tinmes as abrasiwifh 4 8&binfibn Jard that 66HEREd £ 280.8eh §320-dtex) Lycra®
spandex elastic core, around which was tightly wound, at about 7 turns/inch
30  (2.8/cm), a 70-den (78-dtex) 34-filament textured polyester yam. Upon
removal of the knit fabric from the LIBA machine, the as-knit fabric weighed
159 g/m2. The as-knit fabric was then boiled-off and heat set. As a result
the fabric contracted by a factor of 2.6 and increased its weight to 413 g/m2.
, The back bar yarn buckied to form groups of inverted U-shaped pile-like
35 fibers. The tight wrapping of the combination yarn of the front bar yarn did
not contribute to the formation of pile-like groups of fibers. Then, the fabric
was impregnated with polyurethane resin PU-1 and dried and cured in the
hot-air oven. Characteristics of the resultant composite sheet, Sample 1, are
recorded in Table I below.
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WO 96/ 35578

RCT/ US95/ 05805 ' . Table | (Exanple 1)

Sanpl e Identification : 1 : 2 A

Starting Materials - Nonwoven wt.,. g/ nferr] 0

34 - 34 woboenssi®ver-feed ratio RCT/US9SNSY0S47
1. 25 Hard yarns wt., g/nferr] 135 104 0

Contracti bl es wt., g/ni &he]starting fabric for tidcomposite shéet of Samplei2 was a two-bar
Total wt., g/nferrlgitchhonded fabric that with al 840-inch (3.6-Réter) wide, two-
Gathering 10 ﬁ? cied w., gl {r}r . . 47 537
361 Cont r a8 olban Haghte ‘“ﬁl"'E bt stitchbonding.a ponwoven filyrogs layer., ;5
Nonwoven wt., g/ ni d&Bach bar was threaded to 14 gage (14 rows/inth or 5.5/cm) aad inserted 9
Hard yarn wt., gf ”[sﬁiéﬂesperinch(&S/cm)in%i%hrow. A3%@§n2TypeZ- lgSo ®

Nonwoven total gather

) . % of

ggglication % oi | K&@n%rammh 24 029 i ﬁB&be]l.Sden(l.?dtex)perﬁlameﬁQ&d%.Zcm 566 0
o pi | e4hei .

Surface layer char éﬁﬂgﬁi“?ﬁfg@%thfwmt‘g%weeﬂl ack-bar and front-bar

657 1013 stiding threads were thesamesas these used for Sample 1, but formed 1.1

g- 29 1. 4P' o o gﬁ%@-&dﬁrsh eQA;liﬁseﬁtchpattems. Upongeﬁoval of te §ﬁch4 bonded- %6
. i [ pVe . . . .

Pile fiber conc., ﬁ%ﬁg}’ ﬂem&mefaéhgfox}&actﬂ&nﬁeamd&q@sexggswmgm

Ef fecti ve pile condo 184 g/mér The stitchbondedfalyic was thenimiled off, hest set and resitpj | e
Paraneter, P. g/ Cniifpfdgnated in the sdiind'tharmer as %or> 8ample ¥ ekBept that the ahYF base,

gf 6rrm 5 0 Sang)_nginainoiliqg gnd/ngaggpqtjng cgim'actedby a factor DF 2.9 and ‘I"O46
56 74 38 nonWwoven fibrous layer, which had been overfed to the stitchbonding step, 58
59 % stret e 1 : : 10
o compr essi bi 111y CRpLidnckd a total gather of 4. jFurther d ofﬂ:efabncéﬁonand

40-grit abrasion r Shamcteristics of Sample Pare ligted in Table Ibelow. | cycles
>5 >5 >5 A comparison composite sheet, Sample A, was prepared from the
| ~ same type and weight of Kevlar® spunlaced starting fabric as was used for
20 Sample 2. A one-bar stitchbonding machine, threaded at 12 gauge (12
needles /inch or 4.7/cm) and inserting 14 stitches/inch (5.5/cm), was used for
‘Comparison Sample A. The nonwoven fibrous layer was overfed 25% and
stitched with the same combination yarn as was used in preparing Samples 1
and 2. A 1-0, 2-3 repeating stitch pattern was employed. Sample A was
25 resin impregnated, boiled off and heat set in the same way as Samples 1 and
2. Details of comparison Sample A are summarized in Table L.

The data of Table I clearly demonstrate the superior abrasion
resistance of compositc sheet Samples 1 and 2 over comparison composite
sheet of comparison Sample A. Samples 1 and 2 respectively were 2.7 and

30 3.1 times as abrasive resistant as the comparison Sample A.
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35 Wear, mcrons/10[err] cycles 23 36 110

% normal i zed wear* 21 33 100 Not e:
na = not applicable; * = Normalized to Sanple A : .

17 WD 96/ 35578 .

PCT/ US95/ O580W096/35578 Exangle 2 In this exanpl FCHERPN3H0S
sanpl es of conposite sheéts of the invention and conpari son sanpl es
simlar to those-of Exanple 1 are preplaks I {Bkanplehl) sof ter

pol yurethane resin by r&le3eingipp! yurethane resin PU-1 of 2 5 Exagple 1.
Each sanpl e and conpari son sanpl e has groups of pile-Tike fibers )
formed from Kevl ar [ &F#qtiag HeFerigtBer s, Sanpl e 3, Sanple 4 and
conpari son Sanpl e E, ném@pecwitvelgyn? cont ai n th® sane Pabrics 3%

Sanples 1 and 2 and gﬁ@@“",sggugarrpl e A of Exanple ilg7The gosgosite
sheet ,of Sanpl e53 includes a contragted fabric thatnﬁad 10 been Kknit

with an el astic conbP#rd FerpeyWtr 8/P°ne bar and a Adh-el asti®® yarn _
on the second bar. Tbenteactinied atshegih?of Sanple 4 pacl udessa contréact ed
fabric that had been_prepared stitchbonding a fiptous | rwt ne bar
of- el asti c conposi te'ré)taa ngtdddggar?e bar of non-el ast:lcgzgyar n. qﬁgrrpl e Eh-'o
i ncl udes a Gerkeringed fi brous |ayer that had been prepared by
stitchbondi ng tige | agsdrradtea wt.l,NgAn?si ngl e bar of ghsstic egpbi natsan yarn.
Addi ti onal conposite_sheet ...conparison Sanples_B and _C,resp jvely
are made with the safPERECPITE® - fabrics as gé?‘rpl es 3'2nd 4‘,230&ut with
di fferent amounts of Nenwsven aspi iodu? Further details14h the 176
fabrication, charactggissaaswBNdgah® asi on perfor nagse 3020f theo
resul tant conposite sheet sangl es are sumarized in_Table I4I 3 Tabli2 20 11
clearly shows the abFePYe3fR F8E}: A advant age of ®nposi '@*sheet ¥ “nade
Wi th pile parartstersscif briginghlagea See for exanpl e38t he abB&si on- t2st
results for Sanpl e gl ehahSapigpar i son Sanple B and Sanple 4 versus
conpari son Sanple C. Also, the gbrasion wear results for these sanples,
and Sanple E, ver susnﬁi“tﬁe'c@f’%espondi ng sanpl es PP Exanpi®881 shoW® hat
25 as long as the respins heigbhbilosge the fibers and @rovi de bow 0
conpressibility - Surdﬁ’%lgdn?sgeéﬁggg&w“;o the | ayer, increasing resin

t-

har dness apparently does n I ncrease abrasi on resistance of the
conposi tes of t2e i n¥eedi hrs 948 eases in - pi P& fi-bert®®Bncent$8% i on
and pile paraneter atrmickhéss,ckdective . 1.1l n ada.oi on tn4t he
above-descri bed conpgsi S %$. containing fabric 0 1 pi |l g-doi ke
groups of Kevlar ar a{r;né'%ft"ﬁ"bg?gé two noge conposi tesé 9zet s\,/“'gb 6!S'aidr?pl e 5
and conpari'son Sanpl Bi¥8 fiher yeighhr &d®°Starting faBftcs foR®Phese 37 two
sanpl es are made by pile Engeracdnc00Qymeat (1, 100 dt ep)aKevl a.perr]-@Q3yarn

into a 119-g/nfgrr] Lé%lluye ggﬂgggngseg [err] spugp#ded b yest glogs
honwoven abric (made Dy Reemay, Jnc., of O I ckoroy, Tennb') at 16

tufts per inch Pile Parameter, P, g/cm 0.44 .32 .18

Loop base, B, nm 0.7 0.5 0.4

Locp H/B ratio ' 3.6 5.0 3.5

Wt. & resin 46 56 74

30 % voids 51 58 59

% stretchability 10 10 10

% compressibility | : 10 10 5

40~grit abrasion resistance

- Test duration, 103 cycles >5 >5 >5

35 Wear, microns/103 cycles ' 23 36 110

% normalized wear* 21 33 100

Note: na = not applicable; * = Normalized to Sample A.
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35 (5. 1/cm at 14 gauge (14 tufting needles per inch or 5.5/cnm). The

tufted fabric was stretched 20% w th an acconpanyi ng necki ng-in of
about 40% to contract the area of the fabric by a factor of 2.
Further details of the conposite sheet construction and performance
are summari zedWoR6EMB e | | . ' WO 96/ 35578 PCT/USISAS805
PCT/ US95/ 05805 Table 11 (Exarrpl e 2)

Sanpl e IdentrfrcatIE!E!.ﬂ.P.!s_ 3 B 4 C :

gz art |1 28 Mﬂ Srr al?j1 resaitple, Séveralsaniphss df composnesh&tsof the mvenﬁén
na na 1.25 ands‘f%n%%ar ns ?# sﬂﬁ%l#[toth?seofE fégbu% :
205 205 O U-2 @P#F@Srﬂd IC%PU-

0 0 44 5 addcom arison § lbhas@&u

314 314 87 ' , g/n err] 413
413 537 537 63@"%%%%&%‘1’11 m%@@%‘?r on rat i 0 2.6 2.6
2.9 2.9 2.0 2.0 4.Samples, Samphcﬂqand/@mmnsongsammm respectively, contain 0

égg égg | 41g Othe sﬁ@ fabncs as S ﬁd‘2 and ccn@éﬂidi{ Sdmple A oﬁﬁiampﬁﬁl

41 n t.ot,a at .
4.3 4.3 na naP Tge Qompggte she 5? ?lug?%%l onetracted faggc thar%%d
35 49 49 10 24been knit with an elastip combination yarn on ofebarandta nozgelasmm

846_ 302 1363 16i¢the 5e86hd B0 Thbfbiﬁpxémsxte shee?/ngr féalrgicalugrelﬁ’g%oggacted 0
Total wt., g/n[err]fabnc%até‘gqgew % ia ebar

Thi ckness, - of elastic cbnipositd yarn and. dhe ba? oﬂnon-zla%tlc yarh. Samﬂle E includes

Density, g/crr[err] ﬁdm%

Pile fiber wei ght émf ?h}@g@th&hﬁ%ﬂﬁﬁﬂi%&éﬁk %eglayer
Pile fiber conc 5g/ c e bar ef elastic-pombination yarm.» Addittonalcopaposate sheet o5
Eff. pile.conc, Cotingparison Samples B and C 1éspetivély ke nfadé with the safde Qthrting

Pile Par arret er, g/ 3

Loop base. B, es *s%"'rﬂeg’éarﬁ“ Bng&tﬂ%%&*%&ﬁ%%“@ﬁoﬂ&ﬁ

Loop H B rati o Further detailg on the Eabricatian, charagteristicsand abrasion performance

W.: %resin.- : oftheresultﬁe&comp’b%xtesh&#sampﬁﬁareslﬁﬁnmzdﬂinTab&SH TBle &

voi ds
. stietchabili ty Hclearly%ﬁows@abrasn&ﬁresxst%ﬁ:eadv&éageof’%mpositgsheetsmade
conpressibility with pile pgrameters of highyvatue .1 See for gxample,the abrasion-test
40-grit abrasion ra&slﬂtsefbmaxggesversﬂkeedmpuﬂsahlﬁm ¢BladSample4arrstd 1.5

gg 762 :238 6% n?p%@éon Suinple cVadko, it S:2834 Fdshitd ¥t hise s%glples 80
: and Sample E, versus of the corresponding samples in Example 1 show that
25 as long as the resins immobilize the fibers and provide low compressibility
' and stretchability to the layer, increasing resin hardness apparently does not
increase abrasion resistance of the composites of the invention. Increases in
pile-fiber concentration and pile parameter are more effective .-
~ In addition to the above-described composite sheets containing fabrics
30  with pile-like groups of Kevlar® aramid fibers, two more composite sheets,
/ Sample 5 and comparison Sample D, are prepared. Starting fabrics for these
" two samples are made by tufting a 1,000 den (1,100 dtex) Keviar®-29 yam
into a 119-g/m? lightly bonded Reemay® spunbonded polyester nonwoven
fabric (made by Reemay, Inc.; of Old Hickory, Tenn.) at 16 tufts per inch
35  (5.1/cm) at 14 gauge (14 tufting needles per inch or 5.5/cm). The tufted
fabric was stretched 20%, with an accompanying necking-in of about 40%,
to contract the area of the fabric by a factor of 2. Further details of the
composite sheet construction and performance are summarized in Table IL
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20 Different anounts of tensioh

% Nor mal i zed wear * 36 160 50 132 60 120 100
Notes: * = normalized to Sanple E; na - not applicable;

19 WD 96/ 35578

PCT/ US95/ 05805 Exanpl e 3 Thi s exanpl e further _
illustrates tiwosémssyey effects of total gather and of JREFTEEBIE/PIOP on
of pile-like fibers on the abrasion resistance of conposite sheet s

of the invention. Corrposi te sheet Sar’rm@_m ?nmdl& 2and conparison - 5
Sampl e F each contajn icht il fibers gre deriv
from bot h aa%ﬂ’g% %x?t%%gﬁt\ggnonm 5 d b%kl e no% el agil c
stitching y afvastinanMakarhald son Sarrpl e G the buckl ed non-el astic
yarns are not NoRG&EaNdt., g/m? o Toopremare tske sfrartiyveg fadric
for each sanple, a flb | ayer of 26- 10 g/ rly nta [err] L7
spunl aced fabri cs of °t’(8 ﬂea&ggl yest er er s“ql n1e4r7 2 "nﬁ ed t §%
two- bar "Liba" Stltd‘hbérﬂltng weaclg/mé. ThiSS r o¥a5 bawof W:e ‘205" 205 | hy 0

formed a repeating Q%h&ﬂd%iﬁcalw&.%r@ stlj.qchesuvmtbocontmnatl on yarn 44
that was a 280-den 1l -dtex) Lycraferr] cor, ht |
wound 9 turn(s"?"Fﬁ{:H’t('S gjf‘cn) W th ’7%0 f? 82 )5%4 dr%g %7
pol yester yarn. Idathéxicgpt for the fabric of corrparl son Sarrpl e G which

enpl oyed no bacfey barcontracted Jthe J}ﬁﬁk bagasf orgymd aszsepadyi Nngapat g3gn 2ka
3-4, 1-0 stitches with a 210 d

33 dtex) 4 fila hi_g
tenacity Type 62 Dac‘i"’Bﬁ’fﬁ‘F‘f" ﬁ&F’gﬁester yg‘r '%Lyczr Al g‘}\’f’ ar?dg 4.15
Dacron[err] are eaatmneo&e:k bty..DuRc?nt The 16 ba O0a 1wSgauds (140 0 176
needtes per inch or .8/ rmcm%z I NSggqt €d3ghd CLY4r SO5paPErgaENCR1ES. SheM) .
re inposed on the conbination yarn used
to prepare edionveraspbetali gathar di ff'&'r entr@anftndt  A-3conPRact P8n Rhén
. the fabric 15 Wa.,sofqgmggchfmthe Lidgsa. Tee castracsi ongef the 24
conbi nati on yarn causei a layer of pile-like fibers to develop. The
pile-like fibers weh¥PARRECHRon contraction and buckling of the
nonwoven fibrous | ayssimmt.buafe?i ng of t6A6 282 pIRE3- haA2noVEBR| o $EPc 1020
© stitching yarns, \/\hl,pg,_fé:q,g nlggj,the corg ractg on @f o bhe o o
conbi nati on yarn. Then af é!ﬁ % F contract ed fabrics were heat..
treated on the tent¥FEpFY T’o di mensi ons of the fabric.
Thereafter, the2df abriatalatph e/mlier e |rrpr%2;j7nat§§ WA A9 pcﬂ#ur@@ﬁané’ﬁesﬁlﬁ‘PU-

]iL, bt he saﬂe resin as,h\g_/gﬁné*gg% n Exarrplhej_,];, tp;f iy | |37,oht e epi l2e6l i kea 30
fibers. The inpregnated, sa were t n9 18 60" §N3b eocégnqp%t .08
rrg %d § et u4 S" L

sheet sanple. Sanpl PeR&YH" abr asi r 2% % dPe Lifmarize
Table 111, bel ow. Pile fiber weight g/m¢ 351 351 447 447 415 415

Pile fiber conc g/cm® 0.32 0.32 0.22 0.22 0.16 0.16 O0.16
25 Eff. pile conc, g/em3 0.32 0.32 0.18 0.18 0.16 0.16 0.08
Pile Parameter, g/cm® 0.54 0.36 0.40 0.24 0.36 0.25 0.29

Loop base, B, mm 0.7 0.7 0.5 0.5 0.8 0.8 0.4
Loop H/B ratio 3.6 3.6 5.0 5.0 3.8 3.8 3.5
Wt. % resin 64 22 74 30 80 57 85
30 s voids . 24 66 28 712 32 68 10
% stretchability o 20 o 15 o o
% compressibility o 15 0 15 0 0 0
40-grit abrasion resistance ' :
. | Test duration, 103 cycles 13 1.5 25 7.9 25 6 13.2
35  Wear, microns/103 cycles 18 80 25 66 30 60 50
% Normalized wear* 36 160 S0 132 ~ 60 120 100

Notes: * = normalized to Sample E; na = not applicable;
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20 WD 96/ 35578

RCT/ US95/ 05805 Table 111 (Exanple 3)

Sanpl e |dentification 6 7 8 "F .. G

Starting Materials Nonwoven wt., g/nferr] 26 26

26 26 YW096/85718 Over-feed ratio 1.2 PQI/PS9S05803 . 2
1.2 1.3. " Hard yarns, g/nferr] 71 71 71 71
0 Contract i [Exam mé, g/ nferr] 31 31 :

Total w., g/nf err] ﬁltth&@ﬁusu'atesjtﬁ@su'onééﬁects ofﬁﬁal therand
Szzhe” ng égnt r act rac@%agonofpﬂe-'ﬁgﬁdeﬂs gpthea onres? eof;? osite g?’g

Nonwoven w ., g/ n{ ersheets of the inv@ition. ngmsxte sheet:Samples6, 7 and§ and comparison

Hard yarn wt. I§[erﬂalnpleFeach@éiﬁamala whxcﬂQﬂepﬂe-hﬁ@ﬁbers ar€ derived from
Nonwoven t ot al % of

original area gat h%oth buglgedgbrous;_;pnwo%enlgerandhgcﬁefngg-epasacs&%@g}gn

application yaes, Inwomparjsor Sample G, the buckled aon-elastisg4rns are 466

499 986 1ﬁ.ggﬂhﬁahel ght | oss. 10 9 15

8 0 Sur fface yer characteyi GS Tot al .. wt . / ]
1489 1485 1360 %&mgsfg fﬂf@@ﬁh%‘n fibros lafler Of Z6-
1.8 2.0 1ol 2Sbnt‘ara® 801% spunlaced fabrio of npnbayidedipelyéster fibers was 0. 83

0. 30 0.39 0. 13 Libaytorm dmea@sfpa combipation yam
0. 25 0.33 0. 11 thdt vdsa 280-den (3 IHWWWd& elastivdore, tightly. wdund 9

048 01490, g s sim) wib REOBT -4 W lamen oyt g
6.6 7.2 154 Exceptfor the fabric of pggpanson Sample G, which employed npback-bar,
gg 538 73 the l?i’ck b formed’a iepesing pattern of 3-4, 1-0 stitches with 3210 den ig
5 0 % S%??p? 1% r‘ﬁ‘ﬁfi“é“ &”‘ty Type, 62 Dacron® polyesterygn.
0 are each sold by DuPont. The bea, a 14-gauge (14

. needles per mch-or 5.5/cm) machine, inserted 14 courses per inch (5.5/cm).

20 Different amounts of tension were imposed on the combination yarn used to
prepare each sample with a different amount of contraction when the fabric
was removed from the Liba. The contraction of the combination yamn caused.

a layer of pile-like fibers to develop. The pile-like fibers were formed by
contraction and buckling of the nonwoven fibrous layer and buckling of the

. 25 back-bar non-elastic stitching yarns, which accompanied the contraction of
‘the combination yarn. Then after boil-off the contracted fabrics were heat
treated on the tenter frame to set the final dimensions of the fabric.
Thereafier, the fabric samples were impregnated with polyurethane resin PU-
1, the same resin as was used in Example 1, to immobilize the pile-like

30 fibers. The impregnated samples were then dried to form the composite
sheet sample. Sample details and abrasion test results are summanzed in
Table I, below.

0.74  0.75 0.50 % a two-bar "€
601 705 184 2‘; b Jlﬁl‘b ?%zfdnég% éﬁgﬁ%ﬁﬁdﬂ 8’%&“’
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40-g‘rit abr asi on resistance Test duration, 10[err] cycles 23

31 25 2.3 16 35 Wear, mcrons/10[err] cycles 32 13
12 80 92 % nornmal i zed wear 35 14 .13
87 100 Notes: *Nornalized to Sanple G

21 VO JE036B55I8 | PCT/USIS0S805
PCT/ US9/ 05805 " Exariple 4 In this exanple conposite sheet

sanpl es are prepared fromcontracted ZIzble IZIp(Bxamplead) was si ngl e-bar - knit
wth an el astic conﬂmﬁglﬁgnymbm&ng a g |oosely wougd nore el ast igc
wr appi ng yarn. The Ilkeflbgrs are forned 5 fromthe wapping yarn
when t he conbi nati o Sanmples 9, 10 and 11 and
conpari son Sanple H \mneomcwlrr- kng /i t h a 26 one- I12&r "Li " nekdhi ne 26
form.ng a repeatd ng RRLLEFRBaMatls 0, 2-3 stitcpgs W tfza 3.2 coffy natinsg,
yarn that had a 280-den (31l -dtex) Lycrafer r‘l:h;spandex el astl c.core

| oosel y wrapped at affB&® ¥Br88x §/®s/inch (0. 6/ wi th a 70’Hen (*A- dtex?P
34- 10 filanment techtraetdimusyest,eg/wfarn. Eich samspl e wasi madedwi th ke
Li ba - operating gs/inch (5.5{g1 andsthe peedl r at g0
gage (i.e., 20 1%%%11% BHZ'% inch or 7. 9§cn) (rai%gept garrpl gﬁlﬁi whi g%
was made at 10 gageSathering The fabrics for each sanple were knit with the
conbi nati on yar p undebneracted wtdj fg/a? ent tensieoon. Usen reaxwal 28 t he 544
fabric fromthe kni ttdoggf(@?m Rg.gnd 15 tgnsiongdg the cg)nbl:p%tl on ygr n
was rel eased and the as-knit area Qf the fabri’c contracte

factor 11.5 to 14 ti FegwowAnt¥E-angMconpanyi n3? 288uckl #HYy of i‘he I66§el y

wound wr appi ng yarn tgqra(yaghtm Q},Pe li-ke Iayﬁr 418 Polowir etfygne resgn,

PU-2, as was used in Exa plied to the pile- Iikeflbers
of each sanpl e. Furtlﬁ'@?“’%ﬁ‘ E‘a‘g*pl e faﬁﬁ cat |"Io A and®sbrastdn 2007
performance areldi st &dobeixﬁtw.nul ii&bl e |V, whixsh al sas4i ncl uxkes Saspl e Gief
Exanple 3 for furt o) B, Pur poses. The abrasion test
results listed in sftg %ﬂﬁ%\% hat high pile concentrations and

hi gh pile paranet ers”&ﬁH‘ a’Ecorﬁdﬂnyl ng high 3%sio®®® - 6%%si <4%8nhce P8R be

obtained with fabrics ke rReignt! odsi ke groupsaef fibers 2515 provisded byo

- only buckl ed yarns. g.Ihe [ qgg&]t gh&l‘ egh eppistrate the i mport-ance of ..
e co

avoi di ng excessive Stietcha osite sheet. Note t hat
the pile-tike f#ber/ TetdhEur ﬂéﬂe Iayer of 4R% conPd8fte 10t SB3 . 1263
conpari son Sanple H I'mulagsa, m@asi n content of. a)nl y 25 wei ghts % mas 1.6
readily stretchabl e @/éned an 11 to %85%: Meg, 94 eatgr,sabréal%bon d.3be

than 30 did conp05|te 3 ampl es 9,11 o e invention. Unless
sufficient resin is Plle ﬂPﬁ%d’Pb%t%’& in th#% i ber APLsi n 1%yer 18&ven?/?
ot her characteristiceiné giber|cayer, g/em® are.isn acoosdance.as t p.1he 0.17

invention, the gOMPoglke ShE&IaM Igyend 11 184 0.26 0.33 0.11 0.085

Pile Parameter, p, g/cm® 0.41 0.44 0.49 0.23 0.26

Loop base, B, mm 0.44 "0.30 0.25 1.0 0.30

Loop H/B ratio - 4.1 6.6 7.2 1.4 5.3

% resin : 70 60 48 73 78

30 $ voids 31 as 38 58 34

R étretchability 5 5 10 5 o’
% compressibility 10 5 10 15 o
40-grit abrasion resistance

- Test duration, 102 cycles = 23 31 25 2.3 16
35 Wear, m:i.crons/103 cycles 32 13 12 80 92
% normalized wear 3s 14 13 87 100

Notes: *Normalized to Sample G.
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resi stance to stretching and abrasi on. The abrasion-resistance data and

ot her details of the sanples are sunmarized in Table IV and clearly
denonstrate 35 the superior abrasion resistance of the conposite sheets of.
t he invention over t he conparison sanples. The data again show that a
resin-i npr egnawve g6/3ssTae- like fiber |ayer neeting the reqBCT/ERENSESOf
the present invention provides a conposite sheet with highl y effect Ive

~abrasion resi st ancg&xample 4

WO 96/ 35578 In this example composite sheet samples are prepared from conuacted
PCT/ US95/ 05805 mg% Egmbgn%ﬁ

Sanpl e Identificat Ifgm-mthatwassmglegbarhutvirglane
Starting Mat er| al sloosely woundnopr-elasticuwrapping yams | The pile-like fibers areformed

0 . g 65 e dthc@ﬂ?p hefl the combmauonyaméb%tram. ha ”ao
(r)la C Wap yarn \rNeI Smp gilap 1]1 andé:gmpansonggfmplel-lvﬂeeachlgggmtha 0
Contractibles w. ogé-thef'lr.i,ba maﬁhnefomnﬁgarepeahng(paﬁemd&l-OZé stitches with a

Gathering e”gsmbmgg?garmﬁ*w 2A8yden 511y LychS, spandER sl can
544 Contra ﬂmisimsh (2 )S‘Wtha (7§1 itex) 34-g
Nonwoven wt., g@éni ﬁlmilent textured palyester yarn.CEach sam;ﬂewas medle witlethé Liba

%Og‘gﬂygpnt\% al g?ﬁ% at 14 cofSes/inch (§3/cm) and gratzbog age (12,20
of original area ne es per ingh or 7.5/cmy), except Sample wasxggdeat 10 gagesi n
application Th&gabrivs\for eacly saimpl 6ivmhutvnﬂ1tb9é&nbmaﬁ6ﬂ9am1mdéﬁi

84 20 96Ssgrface Iaygeﬁoé‘g%ﬁtgﬁ'{%p gbl Cgmofﬁe@g%ﬁvﬁmmeﬂn{ugg&mﬁemd L

1186 1285 15 12tepsion ig the combipation yarn wasygleased glsdthms-lmltareaofthe
1.5 1.5 1. fabric cbnfracted byt factor 11.5 tocIstings, veitlt 4 8¢dompan 323
mé‘“é

0.86  0.91

276 294 276§“°”§'F7°%‘5%1°°3°‘¥|‘F‘§‘lﬂ ‘E@E’ﬁé‘%ﬁ&a’ﬂ%f?ﬁ{ @i’jﬂ‘l

0.18 0.21 0. 1Bolyurethame resin, PU-2;as wasi used én Examply 2, wasrapplied to the pile-
+.0.18 0.21 ° O 1fike BbeiR%feach samplei Farther d¢tRile6f sanplé fabrication and abréision:

| 8 ig 8 ifg 2% 3§e:foxgn§ge are listed b{lﬁﬁr&pm&f%?q gﬁ whith also inchudes Sntgg%%i of

12.5°  14.0  12. Examplp 3forfrther compagisom purposes.
/8 o 25 TBhe abrasion test results listed in Table IV show that high pﬂe

concentrations and high pile parameters and accompanying high abrasion
resistance can be obtained with fabrics having pile-like groups of fibers

25  provided by only buckled yams. The results also demonstrate the
importance of avoiding excessive stretchability in the composite sheet. Note
that the pile-like fiber/resin surface layer of the composite sheet of
comparison Sample H, having a resin content of only 25 weight %, was
readily stretchable and exhibited an 11 to 18 times greater abrasion rate than

30 did composite sheet Samples 9-11 of the invention. Unless sufficient resin is
incorporated in the fiber/resin layer, even if other characteristics of the layer -
are in accordance with the invention, the composite sheet will still lack
resistance to stretching and abrasion. The abrasion-resistance data and other
details of the samples are summarized in Table IV and clearly demonstrate

35 - the superior abrasion resistance of the composite sheets of the invention over
the comparison samples. The data again show that a resin-impregnated pile-

like fiber layer meeting the requirements of the present invention provides a

composite sheet with highly effective abrasion resistance.




% voi ds 35 28 24 79 34 : %

stretchability - 10 -5 5 80 0 %
conpressibility 10 5 10 15 0 :
40-grit abrasion resistance 35 Test duration, 10[err] cycles 20

18 23 WO86/35578 16 ‘Wear, microns/10[err] cycl es PCEEEIS05805 4,
43 450 92 ‘% normal i zed wear 33 43

47 489 100 Not es: ~ *Nor nul iZable IN Gxapple &)

23 WD 96/ 35 :

PeT/ Usos/ 0ag0s . Bhiels, 1dencisication 0 tht? exadte, ©  ®

resi n-i npregnat ed ESAFFEERINRtERELs were prepared fromcontracted

t wo- bar war p-knit fajéiwosen Wee, aya®ti ng fabrioc for @ach ofo 0 Sanpkes
12- 15 and Conpari son_Saml e, | s knit on a -barliba 555 hi ng, 3w th
one bar thr eadeawitho"a'an"'rﬂcg1”?1‘15t'l'im}(:R onbi nati on ;%’\g?n ha¥/+ng aml nﬁ?oosgrz/
wound non-el astic w By NgﬂFar'ﬂ“énd the secon® bar t%reade® with®

non-elastic textile yadg yarkh@eigneptg/mdr formed repeading matterea of o
1-0, 2-3 stitches wt 280-den $311-dtgx) Lygsa[err), spagdex agpund
whi ch was I oosgf’vx\ﬂﬁ{}ﬁg,ﬂ é{'tg'br?gmt urn/ i tnz?h (0. g?cn), ﬂa? 70- gn. s?
(78-dt ex) 34-fil amenotdlowkaxalmed pol yester 4farn. $he bad® bar %For nef€a
repeating pattejpn QfatRedng-0 stitches with a 150-denier (167-dtex)
conventional polyester texti]e yarn. h sagple was, .nad ith e
Li ba operating at 14"8%‘?.5‘5%%‘;/ Y’h‘dhg(%z. 5/cn, L gg{’:ept %asrrpl (;%5?42 ar?gb
conpari son Sanpl e J, Coftirabticer zatdach made wWik§ 22 11.5 4@ sekl-fer Bméh
(8.7/cm and with thgoachbing.| ymaded at 20 gauge, @nd 1o Sanple 337
whi ch was made with the nachine thread at 10 gage. Tension on 1tohx;
combi nation yarn useloRBVER &F5rL HBERR anpl es Mas adPlist ed ®o t h&PR .
when the knit fBbri cweas yaswrseedy/ifom t he Li2y8, boi2led- of #94and 376at sel,

t he as-knit ar gabé)for%&g'{aﬂggc contracgqd bygayfactprg of gle9 to17.
The contraction of Tho fabric was acconpani ed by contraction and
buckl i ng of the | ofe8ty appbicakiRhd wr appi ng yarn and buckling of .the second |
baryam Pol yur et haneresin wtPUgfm¥ sane as i n #0anpli002) wass7appl i9%4d t oSé&ch
sanple. . . : Fyrst h risgati on and gbrasi per f@r man detaigs
of the sanples ‘a#lieltesﬁén%%?ﬁfgg in Table 1@ bel 0\?;,;I in V\ﬁch %erpl e C?of
Exanple 3 is al¥o surfacq payerjekpregtenigkiafer conparison. The ‘abrasi on ‘wear
results show that 2%ectLIOWPa igp Sanpl es Cassed | ,2265hi baz2ead bedrdeen 128dut
2.5 to about 20 tine ag_much abrasio ar gsgdi d Sgml s gl2- 15 ef
the invention. The p?'f’jégl?'fﬁae' o fibers oP’";gﬁe fgﬁ?i c O%S'QSa e_,_isg I 2.0
apparent|y were def| Berei¢ys /Pt he vertical ©-7% %88t i Br?ldu%)ﬁﬁ 0.79
application of resinpipé sibsh waigd, hyymRhe 31996l 0ss 27@ surisce 276 | ayer

hei ght and the_ri;fsuf fole £ %QI’%‘C?E%{'%E%}&B ratyog 30 p.78 dIA repdbtSo.17

summari zed in bl e V'Showe ntraction of the fabric for
Sanpl es 12-15 of theBEfiv@ile (ﬁ?ﬂ?esﬁﬂ"éd in Quistan®r3® 1y Rt fet®  0-085,
Pile Parameter, p, g/emS 0.38 0.38 0.44 0.38 0.26
Loop base, B, mm 0.12 0.12 0.10 0.12 0.30
Loop H/B ratio | 12.5 12.5  14.0 12.5 5.3
30 % resin : 76 78 77 25 78
% voids . s 28 24 . 19 34
% stretchability 10 5 5 80 o
'$ compressibility . 10 5 10 15 o
» 40’—;:& abrasion resistance
35 Test duration, 103 cycles 20 18 23 0.8 16
Wear, mic:ons/103 cycles 30 40 43 450 - 92
% normalized wear 33 43 47 489 100

Notes: *Normalized to Sample G.




pile-like fibers being formed. The pile-like fibers were derived from both
the contracted wapping yarn and fromthe buckl ed second bar yarn. In
contrast, the fabrics of conparison Sanple | did not provide a satisfactory
35 pile-like layer and was not adequately resin inpregnated and
accordingly WO96/88V8 bited nuch inferior abrasion resi st ancePCHUSH/IS8AS
despite it very high - - resin density did not provide high abrasion

resi stance because ExampleS| ow . effective pile density and low pile

parameter. In this example, resin-impregnated compositesheets were
96/ 35578

Tabl e V (Exanpl e 5)£rom contraggz}rgr% "Fﬁ%’%%‘“‘é%’% cﬁ The startmgitjﬁgg gﬁiﬂ

15 | G Sagipdes 12rd 5 end Gompagison Sample,hwas knit an 8 twgr e,lrlbq 0
2a 2a 0 5 Qnachind wxﬂﬁone ﬁtfthreﬁ&aﬂwietrhﬁdncblasnc combmatlon na
2 0 W JB°%‘FS? Wé’“éﬁm m ifls Yam,gnd the 3gcand b%““"%‘i’d

0 contracti lﬂoaslmctegﬂn{yam] barfMedrepeannngﬁemszﬁl-O 2§2

Total wt., g/nferrlsisches mth]a5§80- §311-df Tuﬁg

Gat heri ng ntr cte zt ? 3/0 299
saa 0 Cont r acpossy o dso (04/?‘“6 stn §-dtex) 34-ffjamept ,
Nonwoven wt., gbni mext]n'ed polyesteryam O'I’he back bar fofined a répeatiny Fattern of 3-4;4+0d

yarn wt., g/rr[err] 15(?—gémer dh Yarn

}vé& véﬂtgonalpoﬁestﬁg‘éxm ?"
w., g/ tof al
gat he? rerr] na samg Wasmdem e.’c@a?"l’mgat%m"ﬁeﬁéﬂ HO- P@&pa

28 14 9 eXcept Sathple 12 and compariséesSamplp J] whith were each madBewthn2av .

ST 0ol 7 g i e 0 il

" characteristicds Sampled3 svhich was made ayith the machine threaded a10 gage: Tension
?32 1263. o Tlonakse eambination yarn used to p@eﬁﬂm les was/adjustedso thilt7 3
. nSity
25 Pile fiber \/\/elgl%‘ ?rﬁr{t br]lcwas%gxém diﬁgit#t,&e

Pile fiber conc , @s&n¥ f%\ef@nmactvdéwa@cmofd &mh’&qcontmﬂon
‘Eff. pile conc: g/ofﬂidefabhcw&a%&m ariied by cartradtionandbutKling 66¢he loosely

P T ) ik s i b sl g e
: PU-2 (same as in Example 2) was applied to each sample.

Further fabrication and abrasion performance details of the samples
are summarized in Table V below, in which Sample G of Example 3 is also
included for further comparison. The abrasion wear results show that

2s  Comparison Samples G and 1, exhibited between about 2.5 to about 20 times
as much abrasion wear as did Samples 12-15 of the invention. The pile-like
fibers of the fabric of Sample I apparently were deflected from the vertical
position during application of resin, as indicated by the 31% loss in surface
layer height and the insufficient contraction ratio.

30 The results summarized in Table V showed that contraction of the
fabric for Samples 12-15 of the invention resulted in substantially vertical
pile-like fibers being formed. The pile-like fibers were derived from both
the contracted wrapping yamn and from the buckled second bar yarn. In
contrast, the fabrics of comparison Sample I did not provide a satisfactory

35 pile-like layer and was not adequately resin impregnated and accordingly
exhibited much inferior abrasion resistance. Sample G, despite it very high
resin density did not provide high abrasion resistance because of the low
effective pile density and low pile parameter. '
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30 Loop HB ratio 5.3 8.9 85 85 43 5.3

W. %resin 65 74 38 60 65 78 %

voi ds 46 38 51 33 59 34 %
stretchability 10 5 10 - O 5 0 %

conpr essi bi | i {0 96/35578 10 5 10 0 25 0  3BCTUSIOH05,
abr asi on resi stance " Test duration, 10[err] cycles >25 >25 >25
>25 4 16 Wear, m crons/ Zabke V] (Rxpople S) 28 40 8" 5
100 92 Y8440% BB deR €1 VRGN 122 B A0 159 1 5g 109
100 : Not es: na = not a&&licabl e; * = normal i zed to sanple G

25 WO 96/ 3559¢srting Materials

PCT/ US95/ 05805 Nonkwenpire. ,6g/m? O In®his%xanfl e, QonmpdSite
sheet sanples weje piopa4sd wijeh had na [ €Sdan- | 'Y egn@t ed.gaor k.Beedl ed
pile-l.ike fibrous |ayers. 2 The starting fabri sf%rz'Sa le J
and 16 were prepar ecBaAoYAERE M, 9/mS o/ ¥ ] 3% 13% d Wb of 1. 5-den

(1.7-dtex), 3-inch (wkap-ygashslwng dimde 54 33 acr AY er 1P pol2gest eP fi ber
(sold«by E. I. du Po SABIRHLS, & ) that was 23 Rlkacegguponzand
fork needled into a ‘%‘g?g/ rr_berr Fiegirr‘&ény[ er%réJr spunbonded pol yest er
fabric with a Dilo ¥R Med ¥2* The need?®™® wa¥ a 1% gadde *P* % fork
needl es per inclo oreéenetidyd nuchi ne that nade about 130 insertions 10
square inch (20/cn eégnu“tlago&s: /mfzi ber e £&y meghon 4o Sibef acgqeof the

o)
Reemay[err] that was opposite tO The side the needles entered the |ayer.
The | cops pr oj LantERFtdpB At 5 nm abdve th® sttBactr-df th& 8-2
Reemay[err]. GRimasvdrs @b, SapaR € J was doi |l ed of fo heat seb, 277
i npregnated with pol yur et ha PU- 2 d en ie Sanpl.e 16 ,was
treated the sane way‘;’“dl%‘%‘x%'ﬁt 9?‘%& pri %%nt oﬁ]‘ne 2at ijl'-"’sse]\'ttirgr?gs, 0
resi n-i mpregnat iHn aWmkpdyaxnnet. Sa/mf e 118 1616%as 26% et289ed 148ngit&@inally
by 30% with a correspoRdidf+6a" 6aSRrI 0 na aROUL gh7% Qfa it Sa0righnal
width to provide the sarTBIe with a contraction Jcn area tg% a fgctor of
2.1. Further fabrica}®notioiart 8%8&aract e stith of % he sanﬁ’?es and
abrasi on wear test resml agplacetisammarized in Table VI. The 20 summary
al so includes data fgr,,gomparigen Sanpl e gof 15582MPidy 3 9207 408  dger t her
conpari son purposes. Table VI_clear]ly shows that qonpo ite
‘sheet Sanpl e 162f th@ile height 3o on  colf ai nithg 2%il e i ki beP 1 ayer
prepared by fork-nesctfiang lager charactesistiasti on, is 6.5 tines as abrasion

resistant as a sim|@hly q.ePgi2d 25 coRpasi hgeFheeds hdsding d3or krgesedl ed
pile-like layer that was not contracted. Al so thejn.%orrpo ite sheet of
ca

Sanple 16 was 4.5 tiFHSkAeSSaLsi on resistetht & 17 osit*® sheet
of conparison Sanpl epdnsaty,Exfien? € 3. Theoes eOul4 sp.59 0.8lenPiHlsi g9 as was
shown in the prggedi eeIg lﬁ'ﬁgﬂf’ Yokt hbat 84 Déde 621  ApAranemer of
the resin-inpregnated pile-tiber Tayer,is ver¥ I mportant in 30 p&%\éi ding a
conposi te sheetwit h Beativen sRE stHfPe. 02 pPet®c0ut? (fe?3 017 0. '

Eff. plle conc., g/em3 0.28 0.16 0.37 0.33 0.17 0.085
Pile Parameter, q/cm3 0.43 0.34 0.47 0.51 0.28 0.26

Loop base, B, mm 0.3 0.3 0.2 0.2 0.3 0.3

30 Loop H/B ratio 5.3 8.9 8.5 8.5 4.3 5.3

wt. % resin 65 74 38 60 65 78

% voias 46 38 51 33 59 34_

' % stretchability . 10 -1 10 0 5 0

, % compressibility 10 5 10 o 25 0
35 40-~grit abrasion resistance _

Test duration, 103 cycles >25 >25 >25 >25 4 16

Wear, microns/103 cycles 28 40 8 5 100 92

% normalized wear* 30 40 S 5 109 100

Notes: na = not applicable; * = normalized to sample G
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i nvention had a pil e paraneter of 0.37, while conparison Sanple J and G
respectively had pile paranmeters of 0.22 and 0. 26.

26 WO 96/ 35578
PCT/ US95/ 05805 ) TABLE VI (Exanpl e 6)
Sanpl e | dent i f WOBGIISST8 : J 16 G PCT/BOSPS8P Mg
Materi al s Nonwoven wt., g/ nferr] 272 - 272 26
5 Over -feed rat iEExample 6 1.3
VC\JﬁO“t ra/CH bl eiS wt ., 9/ nf ghkhis examfile,cémia osite shéétgs t’g,lesw ﬁd whx&phﬁl

., g/nferr ering
Contracted w., g/ rFF%‘Pr‘Fpregnaw%g k-n g&pﬂe—
Contraction ratio estarungfabncsfpoSamplejapd leerangparedfmmamamven
w., g/nferr] 2 air- 74- tal
vt her 5 g/m ao%lmﬁ%boﬂsiaén 17-dte£) :?mch}qlII w26k 54
100 48 D&‘E’On polm&.ﬁkea&pi E&E Lyfu P‘i‘ﬁ ﬂ@g a’&ﬁﬁt"@? r]
720 930 Qfisiced upon and Mkméadldlhnm llQ»gém Reema spunbonded 0
0 - 0 I
g/nferr] &Q& g14&ugen%
5 4 2 5 fogc esp or,5 5/ etlmtmadeabout Oms egtions
(2).730 0. 7£F9) 1o fsqumxﬁchem/cxh%) Iamp;mf,ﬁbgtmteeefdnnedonthe?ﬂﬂ‘aceoftﬁal

ile

Eff. pile conc. g ﬁfatwag ggﬁff% th%sxggtﬂ:ﬂéeglqgéh&gdthehyelo ﬂ
Par aneter, g/ crr[ er rPOPs pro ecte(babgg 5 mmygbove the susface R“‘EBY)% base,

mm Compétison Sample J was boiled off, heat set, impregnated with .
| - polyurethané, PU-2 and then dried. Sample 16 was treated the same way,
15° except that prior to the heat-setting, resin-impregnation and drying, Sample
16 was stretched longitudinally by 30% with a corresponding decrease to
about 37% of its original width to provide the sample with a contraction in
area by a factor of 2.1. Further fabrication details, characteristics of the
samples and abrasion wear test results are summarized in Table VI The
20 summary also includes data for comparison Sample G of Example 3 for
further comparison purposes.
Table VI clearly shows that composite sheet Sample 16 of the
invention, containing a pile-like fiber layer prepared by fork-needling and
" contraction, is 6.5 times as abrasion resistant as a similarly prepared
25  composite sheet having fork-needled pile-like layer that was not contracted.
Also, the composite sheet of Sample 16 was 4.5 times as abrasion resistant as
the composite sheet of comparison Sample G of Example 3. These results,
emphasize, as was shown in the preceding examples as well, that the pile
parameter of the resin-impregnated pile-fiber layer is very important in
30 providing a composite sheet with abrasion resistance. Sample 16 of the
invention had a pile parameter of 0.37, while comparison Sample J and G
respectively had pile parameters of 0.22 and 0.26.
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Loop HB ratio 3.0 6.0 5.3 W. %

Fesin 73 62 78 % voi ds

65 50 34 % stretchability 10

0 0 30 % conpressibility i 15 0

0 40- gwiot96BE878si on resi st ance Test duration, POT/EFSOS8AEC| es
5 - 15 16 - : Wear, mcrons/|O[err] cycles 130

20 92 % nornmal i zed WeREBLE VI (Example 6) 141 22

100 35 Notes: na_= pot ' le; * = nornaly zed tg sanplg G

57 WO 96/ 3cEampls 1420014580005 g b2 g

PCT/ US95/ 05805 starting Mprerizls In this exanple, two conposite
sheet sanpl es were moap@.;eadww L §/m2 resin-igrregnag¥dl vel omé fabrics

prowdlngtheplellke for the resin/fib | aygrg.

The starting fa‘lbrl cs F’c')r ’fi‘i 17 and 18 were %r‘epare on a 1%0-

inch (3.3-nmeter) w dbntmtghlﬁgew*{-mg{ﬁedl es/i ndd%or 2¥%/cm), 3%hree- bar
war p- kni tting machi ngeudivel, fymRed 64 course pesgoai nchagP5. 2/ cep. A type
KS3P ,machi ne, manufactured by Kar! Mayer of Frankfurt, Germany, was

used. The first baP*¥k85M%hreaded with a flat (ie., not textured) 70-den
(77- 10 dtex), 24- faohermtedpdl.yesm@r yarn and 349érrred8%11repeéﬂng pattern

of 1-0, 1-1, 4o ?cbgtgdtg_gy%ﬁ;rhe second bary,gas threadedgppth a flat,

100-den (110-dtex) 40-fil angnt pol yester rn ap for a repeating
pattern of 1-0, 0-0,Nopwqven wt., 9{®5 cnes. ~ The th'ﬁy'%d baP ha ”%9 2aded with a
flat (i.e., not textmed:)an?ﬁaﬁéngather (77-dtexd.0 24-2;1 amerito -pol yester
yarn and formed a r td “ﬁﬁ of 1-0, 15p90-0, 4g1 stiyghes. The

vel our fabric that %ggf o"lrl%e machi ne had a knit backi ng

(i.e., base) | ayer%ﬂ#&tﬁmé#g#ée"SM g/nferr]. and | ayer of | ooped
yarns that neagsired ghe®n W, Dighk? wei ghed 231 g/nberr] 93chad aegéfective pile

fi ber concentration of /c err]. le 17, ,in the
as-knitted condition® %%*‘Fﬁ%f g%%ﬁ ed with 20 Jol yure hane r2sin PU- 2.
After resin curi ng,smtﬂaeeslanrp#@hhmt&ﬂpﬁﬂleﬂpar anet er of 0.31

g/cnjerr]. Sanple 18porhd Jth§ gknit condition,eggas heei setizas a
t enperat ure of 375[ #@%191&;”]0) to stabil |27_g the,fabric ,dgmensi ons.

Then t he | oops e’ He set Sanple 18 Wwere sﬁeared to provide a
pi |l e thickness20f Denﬂi'qwzgim Sanpl e 18 al so%#&s i PpPRgnat®dwith
pol yuret hane resin Fg, giber weight, g/m? 272 571 277
Pile fiber conc., g/cm’ 0.11  0.23 0.17
gff. pile conc., g/cm® 0.11  0.23  0.085
Pile Parameter, g/l:m3 : 0.22 0.37 0.26
25 Loop base, B, mm _ 0.8 0.4 0.3
Loop H/B ratio 3.0 6.0 5.3
Wt. % resin 73 62 78
% voids 65 50 343
% stretchability 10 0 0
30 % compressibility ‘ 1s o} 0
40~grit abrasion resistance '
Test duration, 103 cycles 5 15 16
wéar, microns/103 cycles 130 20 92
. % normalized wear* 141 22 100

35 Notes: na = not applicable; * = normalized to sample G

27




25 which after curing al so provided the sanple with a pile paraneter of

0. 31 g/cnferr]. As shown in Table VII, Sanples 17 and 18
were conposite sheets of the invention that performed quite well in
the 40-grit abrasion wear test. Compari son Sanple G of Exanple 3 was
al so included WO9%RMabl e VI1 for 30 further conparison. As PEEHSIRE0S o
the conposite sheets of Sanples 17 and 18 of the invention with their
resin-inpregnat ed Jiample Fabrics, the conposite sheet of conparison
Sanple Gwith its resi nihmh@ﬁﬂﬁpl%dtwo compésitei sheét edwvitkioven

fibrous |ayer abrac{_ggl %m%ré a&d%eiMproudméﬂﬁ éﬂ& Aﬁﬁ 17 and

18.
96/ 35578 resin/fiber layers. PCT/ US95/ 05805

TABLE VI (Exanplse 7)  The sta?ﬂﬂ?fébﬂoﬁmsﬁﬁlétlmd 18 were paredbﬁa130- 18

5547 ALY STl o uetep) e, 7 g (1§ nectitshiakn of 27 gfem), thope par
Pile hew@tp hnﬂmgmachme whmhformedl%com'se persinch (25.2/cm). A type

After heat settlngﬁsmhﬁgﬁéﬁ ﬂ,& Imgﬁ,t Kaks

ﬁ;l? 10 34I7:>| | e hei Qﬁ?g mﬁm‘ba"mmag w“g t(L 410¢ textured) 70- 1(77" 210

Resi n -appl i catilon dtex), 24-ﬂlhnentpulya§teryag!n£dafmhed a repeating patém of 1-02P-1,

986 % pi | e DpisHithed OPhe second b threa w:th g 100-den (119-dtex)
Surface |ayer char t | St | c ?L? %r %i f 683

Density, g/cnferr] stitches. 'Iheﬂnrdﬁarfﬁasﬂ:rﬂdwmthaﬂﬁt(m nottextureﬂ)?@dénber

wei ght, glinferr] = (g, lyestef df e&’h' éahB 1-
8{ ig{ err%). 18 01%8000%%t0h08 R4 Zesﬁﬂbs;lxc‘gjn m&ia 0.31

0.26 knit backing (i.c., base) layer that weighed 347 g/m2 and layer of looped
yarns that measured 1.5 mm high, weighed 231 g/m2, had a effective pile
fiber concentration of 0.18 g/cm3 .

Sample 17, in the as-knitted condition, was impregnated with

20 polyurethane resin PU-2. After resin curing, the sample had a pile parameter
of 0.31 g/cm3. Sample 18, in the as-knit condition, was heat set at a
temperature of 375°F (191°C) to stabilize the fabric dimensions. Then the
loops of the heat-set Sample 18 were sheared to provide a pile thickness of
1.2 mm. Sample 18 also was impregnated with polyurethane resin PU-2,

25 which after curing also provided the sample with a pile parameter of 0.31
g/em3, _ -

As shown in Table VII, Samples 17 and 18 were composite sheets of
the invention that performed quite well in the 40-grit sbrasion wear test.
Comparison Sample G of Example 3 was also included in the Table VII for

30 further comparison. As compared to the composite sheets of Samples 17 and
18 of the invention with their resin-impregnated velour fabrics, the
composite sheet of comparison Sample G with its resin-tmpregnated
contracted-and-buckled nonwoven fibrous layer abraded 2.2 to 2.4 times as
rapidly as Samples 17 and 18.




Basé,-B, mm 0.4 0.4 0.3 HBratio

3.3 3.0 5.3 W. %resin - 66 67
78 25 % voi ds ' _ 45 44 34 . %
stretchability 10 0 0 %

conpr essi bi | | WO 96/35578 15 15 0 40- gPCECSBY8Hn
resi stance Test duration, 10[err] cycles 16 15 16
30 Wear, microns/l0O[err] cycles  ZIABLE VII (Ex3@8ple 7) 92 %
normal i zed wear* 41 2 100 Notges: [err]
Only Sanple 18 wass???elgrjéd fltﬁ'f'incgééor?eans not appli cabl e%g & See
Table 111 (Exanpl eStartipg Mage¥dadf details about Sanple G _ * 0
wear nornalized to Sgu#el Payer weight, g/m? 347 347 na

29 2 96/ 358¢8

PCT/ US95/ 05805 5 Pile weight, g/m \%1 §§i na AVENDED
CLAI M5 Pile height, mmecej ved by the 3% erndt?onal B®&r eau on 25
July 1995-(25. 07. 9fter heat setting & shearing® original clains 3,

14, 15, 16, 17 and anended; 2

remai ni ng cl ai ns uncl:ﬁ?ﬁgg%”f S*Qpigaié's)g]’m 347 347 e

1. An abrasi on-r esi stidet weiohbo9/PE sheet havi n@¥3n uppa® na

surface and a hgwer siiefAc@m8NGm Ncl udi ng 1.5 1.4 na _

a planar fibrous network | qcated between and substantially parallel to

5 the upper and Ioﬁﬁ?"“sﬁ?‘f"ﬁ’@&’,‘” groups of
pile-like fibers | ockeedd wedghees/®he | over and 4f%per 422 986

surfaces of the shee{,ﬁgj,r}giggprig“ed to and prqfsr udi ngs gener alol y
per pendi cul afly fromthe planar, fi s .network,

fibro :
a resin i nmobilizi A3F%ace %ﬁé-?’i“ﬁéﬂﬁfgﬁtdﬁgof fibers in the generally
10 perpendi cullar poBstaloseight, afwtinting to i n 6% ral§e of WB3to 90 % of

t he Thickness, mp Ol @l Wweight of the resiynginpregrated pile

| ayer, 3 t he grougas of gl|e-|lk fibers and
the .pl anar fibrous neanRékXs 9éFMg 0.53  0.53 c%'t?%osed of -
fibers or filaments pfiet exidrl geidmej tggw? and 231 210 277

the sheet having a spretehali Lidy, of/ci® Oreatep fghan 23860 n gy

15 direction, 3 Ccharacterized by, in conbi nati on,
‘the groups of pPle-|Efe PHRFOGai $FDresent | f-¥he r%Bfn-i At%B8gnat ed '

Pile Parameter, g/om’ 0.31 0.31  0.26
Base, B, mm " 0.4 0.4 0.3
H/B ratio 3.3 3.0 5.3
Wt. % resin 66 67 78
25 % voids ' 45 44 34
% stretchability 10 -0 o
% compressibility 1s 15 o
40-grit abrasion resistance )
rest duration, 103 cycles 16 15 16
30 Wear, microns/103 cycles 41 38 g2
% normalized wear* &5 41 100

Notes: * only Sample 18 was sheared. "na" means not applicable,
See Table III (Example 3) for further details about Sample G.

- . * % wear normalized to Sample G.
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pi | e-like fiber | ayer in an effective-pite—fi+ber—concentr clerr]., of

at | east - and THlS SHEET HAS BEEN | -
20 t he resin-inpregnat eqluu“g‘“ﬂl%“ﬂim havi ng a jt hi ckngpg\ggm t he.
range cO. 3 an over-

at least 0.4 WOOBES8], a unit weight in PCT/US9S/05685
range of 300 to 2. 500 8 r&jerr] a vertical conpressibility of no greater

t han 25% and a pile paraneter P, cal cul ated by
the equation, P = [(Ceff)(d) 11 ekt hbrasibn-resistant composite sheet having an wppereast
0.3 g/cnferr]. s e and a lower Sandmclndmg 2. A conposite sheet
of claim1 wherein resin am)un at_ | east

50% of the total weightaplananfb MW%%W@WP@“WSR@WPQW
the effective pil etle Wifper aRdTWersaifages,i s in the range of 0.15 to 0.5

Y g tﬂg over - al I%§P¥W%P“F@e¥s Iggtedbe&ecelﬁr}ﬁgfo‘b&mauppgrrange °

1to3m"n IS

in the range of 0. me&@ﬂym%bnhgmqte‘&mdmmgmﬂb’east 0. 35

gi cnB, 8”#,’0 @q,oﬁmgﬂw%sm@s a 40-grit Wzenbeek
abrasi on wear of n re th crons.per
1000 cycl es. blhzmgtheplle-hke groups °f%b=fi\“b@ﬁ§9§'?{aé‘ sheet

of claim 2 whenei npm’pen&cuhrpbnhonam}anbunungtomtherangeof30t090%ofth¢|e
conposite sheet an rlﬁ‘fér” | mpr egnat ed pile-
ﬂ)tﬁlr\? eat er ;ti gﬂﬁtehfiﬂe

i ke | ayer are eac
4. A conposite sheet of REIEEPRRS bm#eﬁiﬁhﬂtwéngr%bfggsaﬂworkbms

pile-like fibers acemposedof fitersoofilaments dftextileddesitex] andops or verti cal

)(;arlntso 2 mm and an averagghfoc%m% %Oﬂﬁgrﬂ%ﬁ%%%?géawng.e gfal d

| oops bei ng f othreddmectiongk| ed yarns -

32 characterized ’mcombmaBEE,LACED WD 96/ 35578
PCT/ US95/ 05805 |
in part by contracted ﬁ@%%@iﬁ%ﬁﬁ&ﬁﬂgﬁg%g%{ﬁ&gm ﬂFe%nﬁfed east

conposi te sheet ofp@-%mmm@mmﬁhesmmum ceff; fEatISAYt i s a
knit fabric conprlollrgcm3cm&)| nation yarn having a contracted 5 core .

d buckl ed d
aroups of pileHike fi MM'&Q’M%%&W%‘%@?%%& of
clai'm 4 wherein t h@53p3m,piovetsall density, d, ofatlisrst 0.4 g/om3 b 8 URitiweightinithe

fO{ Lned W t[l attlSaﬁhgéwsbawz,soog/xha,rawmmdiﬂpxesslbmtydofno m{nm%yﬁm
Wi a contracte r I+
I's buckled to fornﬁ%%pgggﬁg %M@k@eﬁﬁoﬂ% [(cﬂ)eﬁ]m &.‘wn

7. A conposite sheleas 4 wherein the planar fibrous | ayer

conprises a nogoven fabric of A thnpesieshbét Giohilis1 whetedil tid resieandiaits to

8 A Commosi Lo ahelhieds spEot gl fkfimt B B el Miemaed pile-like fber e
conpri ses a cont r athesfifertive pile fbex-cancentrationgis du the angppf Q.15 8.5
tufted yarns. erthlclmessmmmemﬁfﬁt;wemmmﬂfdeﬁﬁ&bﬂhm

\é\gﬁ[ reggt tegenm%\?'f%@%e of 0.5 to 1.2 thO@Pie pifatneted i B lehdt 075¥ frchi30m 2

30 and the layer exhlblts a 40-grit Wyzenbeek abrasion wear of no more than 50
microns per 1000 cycles.

: 3 A composite sheet of claim 1 or 2 wherein the stretchability
of the composite sheet and the compressibility of the resin-impregnated pile-
like layer are each no greater than 10%.

35 4. A composite sheet of claim 1, 2 or 3 wherein the groups of
pile-like fibers are in the form of inverted U-shaped loops or vertical yamns
having an average spacing in the range of 0.1 to 2 mm and an average loop
height-to-base ratio of at least 0.5, said loops being formed by buckled yarns

This Sheet Has Been Replaced 30
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substantially nonbonded fibers of textile decitex. 20 10. A
gonposite sheet of claim4 wherein the planar fibrous - | ayer is a
stitchbonded fi brous |ayer, m “ MOndl ng yarn is 'a

conbi nati on yarn having a cont ﬁmlmull IIE |ﬂ a | oosely wrapped hard arn
W appi ng. WO 96/35578 * 19. A donposite sheet of cl a?ﬁ'@%’@/n
the planar fibrous 25 layer and thé groups of pile-like fibers are
bot h provided fromind theplanarcfibrbus network is pruvideak at dedst ihpart iy dofifréaoted: s-

| ayer, wherein th t chbondi ng yarn of one bar is a conbi nation
yarn with a contrdctible cor and t he st tch ondi ng yarp of the
second bar is a hard yarn. compos1tes claim "va'lefﬁ%mcﬂgﬂ’é%t of
claiml, 2 or 3 mmnmhmmncwmpﬁsmgummbmwbnmmmamm

network are prQvi %%gem b ﬁﬂlgﬁ'ﬁa{dagrgn a%%xﬁ%,otgetbgckledwrappmghgfeﬂglﬁl

process for making an a rasron-resi
conprising the st@@uRﬁOfPﬂe' e fi providing a fabric having a

. thickness of 0.5 to 3 nmw ti A 1tesheetofclaﬁthWﬁe1%inme|lﬂaﬂdriﬁbr6werS
are general ly perpendi gul ar. t rfa f fab I c_and,.are
resent i n an effé’efwv%lﬁalaiqmté‘?ﬂ%ﬁoﬁasﬁwﬁw Fi o B, o8¢ bey OVACing &
gramcnferr] and tqomlgnanq;syagnvp 2 contrastéd ¢ore gnd asccand-barprovidingabard
protrudi ng

1PishsBRRA t foruPtiR nor at a
surface of the suP;‘ ace of th; flabric atecsjh 86 Fpil IS ABers!
34 WD 96/ 35578 A’ composite sheet of claim 4 wherein the planar fibrous

PCT/ US95/ 05805  layer comprises anonwowvei fabrig of fibery onfilementsofitextileldecitexer s
in their perpendi %hé}%egro%:s uk%rﬁﬂwme%e&ag yatnkNg resin into the

fabric in an anount t utesLn e,o to O%Of t he
total weight of the inpregnat eﬁ of L’“”;ﬁi?fﬁg‘ﬁ tfhﬁlﬁi Pt ed
fabric with ansovdayaldomjnmsnponﬁactndhﬂfabxmddhe goups ofpﬁle-like?ﬁbersare
g/cnferr], and aplw ter of at least 0.3 g/cnferr].

;|4I eAI Iorkgcfe;sge?; i s increas rgﬁrwﬂes!co cen Pﬁ@hﬁwﬁf thﬁﬁéﬂhﬁ&ﬁiﬁ‘gws °

a factor of at Ieahapailoopsareformedmpmﬁ'omaﬁonﬁaqﬂecbnmmdnlawuoﬁ 14
wherein the fabri &aﬁqgj Qitdx) the range of 3 to 12.
16. A process of %“bl }rﬁ&iﬁ?ﬁwﬁgrel n he ta C,I knlt bri

that was knitt®d with conbi rwt iA ROTRRPSite %’ﬁﬂ%ﬁ’ ‘ii%‘%f' Mﬁlﬂlﬂ

with hard yarns, ﬂhyemsatsnt:ﬂbondewﬁbmslnwrnghmehasmchbmhngymmed vmth

G 15 Teast 1 e manAtth YRR TR (RduBLILE Lef A (AR PRenRl B

st ep. mg 17. A process in accordance with claim13 wherein
t he i mobi | i zat i on of Itlhe&gomppstaﬁhepi ofelainké Whebein theyplinaihfibrous
stabilization gf 4 andthe %r@ ﬁfv?dm&cﬁﬁ%d

isi mul t aneousl y by ratlon

two-bar sntchbopn od Bbrous layer, wherem e stltchbondmg yarn of one
bar is a combination yarn with a contractible core and the stitchbonding yarn
of the second bar is a hard yamn. ' '
12. A composite sheet of claim 1, 2 or 3 wherein the pile
30 fibers and the planar fibrous network are provided by a velour fabric.
13. A process for making an abrasion-resistant composite
sheet comprising the steps of
.- . providing a fabric baving a thickness of 0.5 to 3 mm within which
| groups of pile-like fibers are generally perpendicular to the surface of the
35 fabric and are present in an effective pile-fiber concentration of at least 0.1
gram/cm3 and the groups of pile-like fibers are connected to and protruding
from a planar fibrous network located in or at a surface of the surface of the
fabric, and
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20 ~18. A proces rdance with claim17 wherein the
conposite sheet is further stabi Uiﬁﬁ@&iﬂmmﬂrm,ng el ements of |ow stretch
to t he back of the corrp05| 19. A shaped
article havi n§¥®%43888ed to at |east a portion of a sur f ZEEOSHMSEES |

gg abr asi on-resi st ant corrpo]s)J te Shgegtrmlxgls o?cp?l%[l?l?enﬁga\yntx?heu?gapend?%f
position by incorporating resin into the fabric in an amount that constitutes in
the range of 30 to 90% of the total weight of the impregnated fabric and
provides the impregnated fabric with an over-all density of in the range of
5 0.4 to 1.2 g/om3, and a pile parameter of at Ieast 0.3 g/cm3-

14. A process of claim 10 wherein the concentration of the
groups of pile-like fibers is increased by contracting the area of the fabric by
a factor of at least 2.

' 15. A process of cldim 11 wherein the fabric is contracted by a
.10 factor in the range of 3 to 12.

16. A process of claim 11 or r 12 wherein the fabric is knit
fabric that was knitted with combination yarns under tension, and optionally
with hard yarns, the combination yarns having an elastic core combined with
a filamentary wrapping and forming knit stitches that provide intervals of at

15 least 1-mm length and the tension being released in the contraction step.

| 17. A process in accordance with claim 10 wherein the

immobilization of the groups of pile-like fibers and the stabilization of the
dimensions of the fabric are accomplished simultaneously by the
incorporation of the resin.

20 : 18. A process in accordance with claim 14 wherein the
composite sheet is further stabilized by attaching elements of low stretch to

_ the back of the composite sheet. |

19. A shaped article having attached to at least a portion of a

surface thereof, an abrasion-resistant composite sheet in accordance with
25 claim L.
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