ACQUSTI C COWPCSI TE FI ELD This invention relates to acoustic
conposites and to net hods of using acoustic conposites for providing
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have been wi dely used in a nunber of different applications for absorbing
sound. Known sound absorbers include, for exanple, fiber-based sound
absorbers (for exanple, sound absorbers conlpri sing fiberglass, open-cell
pol ymeric foams, or fibrous mEPVAIES GANMEQIKIH at ed sheets.

M croperforated filnms, for exanple, can function in the nmediumto high
frequencg}?@ﬁs&rption ranges with relatively good performance in the 800 Hz
range an . Most sound absorbers, however, do not handl e
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therefore typically controlled using |lots of mass (for exanple, steel

pl at es, |@aPOsiEsier poElding acgyyiabseroter pnd wrpmpsion loss. | n view of the
foregoing, we recognize that there is a need in the art for acoustic

sol utions that can provide both acoustic absorption and transm ssion | oss,
yet are rBRAGKIGROYNDght in weight.

Sound absorbers have been widely used in a number of different applications for
absorbing sound. Known sound absorbers include, for example, fiber-based sound
absorbers (for example, sound absorbers comprising fiberglass, open-cell polymeric
foams, or fibrous materials) and perforated sheets. Microperforated films, for example,
can function in the medium to high frequency absorption ranges with relatively good
performance in the 800 Hz range and up.

Most sound absorbers, however, do not handle transmission loss well. Relatively
low frequency transmission loss is therefore typically controlled using lots of mass (for

example, steel plates, lead, concrete, or gypsum board).

SUMMARY

In view of the foregoing, we recognize that there is a need in the art for acoustic
solutions that can provide both acoustic absorption and transmission loss, yet are relatively
light in weight.

Briefly, the present invention provides an acoustic composite comprising a flow
resistive substrate having a solid acoustic barrier material bonded to at least a portion of a
major surface of the flow resistive substrate, wherein the acoustic barrier material has a
density greater than about 1 g/cm’ and the acoustic composite has a porosity between
about 0.002 % and about 50 %.

In another aspect, the present invention provides an acoustic composite comprising
a flow resistive substrate having a solid acoustic barrier material bonded to at least a
portion of a major surface of the flow resistive substrate with a binder, wherein the
acoustic barrier material has a density greater than about 1 g/cm’ and wherein the barrier
and the binder together cover between about 20 % and about 99.998 % of the major

surface.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a structured microperforated film useful in the present invention;

FIGS. 2A-2F depict possible cross-sectional configurations of exemplary tubular
projections on a substantially planar film portion of the exemplary structured film of FIG.
1 along line A-A;

FIG. 3 depicts a schematic diagram of an exemplary apparatus suitable for
forming a structured film of the present invention;

FIG. 4 is a photograph of an acoustic composite of the invention according to
Example 1;

FIG. 5 graphically depicts transmission loss data from an acoustic composite of the
invention according to Examples 1 and 2;

FIG. 6 graphically depicts transmission loss data from an acoustic composite of the
invention according to Examples 3 and 4;

FIG. 7 graphically depicts absorption data from an acoustic composite of the
invention according to Examples 1 and 2;

FIG. 8 graphically depicts absorption data from an acoustic composite of the

invention according to Examples 3 and 4.



BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 depicts a structured

m croperforated fil museful in the present invention; FI GS. 2A-2F
depi ct posei2b%13T466SS- sect i onal configurations of exenplParyUSRanOkzs24
projections on a substantially planar filmportion of the exenplary
structured filmof FIG 1 along line A-A;, FIG 3 depicts a schematic

di agram of an exenplary apparatus suitable for formng a structured fil m of
the present i nFEnt% graphically depicty absowptips datadirmn agpegystiosorappsie ofigxi c

conposi t‘?n%nti%ﬁ%céo?éfi‘ﬁ?% EQ%IR]@%%%.”Q to Exanple | . FIG 5 graphically
depl cts transm sSion ross data Troman acoustic conposite of the invention
accordi ng to Biampdgmphicaligd&icts absorption data from an acoustic composite of the

invention according to Example 8.

DETAILED DESCRIPTION

The acoustic composites of the present invention comprise a flow resistive
substrate. The flow resistive substrate typically has an air flow resistance of between
about 10 and about 2000 rayls (preferably, between about 100 and about 2000 rayls; more
preferably, between about 200 and about 1500 rayls). The flow resistive substrate can be
any type of porous film or web. The flow resistive substrate can comprise, for example,
thermoplastic polymers, thermosetting polymers, non-woven materials, woven fabrics,
metal or plastic meshes, foams, foils, paper, or the like. In some embodiments, the flow
resistive comprises holes or perforations sufficient to provide a desired porosity.

The flow resistive substrate can be a microperforated film. As used herein, the
term “microperforated film” includes any flow resistive film having a plurality of
microperforations (for example, holes or slots) defined in the film. The slot/hole shape
and cross section can vary. The cross section can be, for example, circular, square,
rectangular, hexagonal, and so forth. The maximum diameter (or maximum cross section
dimension) is typically less than about 1016 um (40 mils) (preferably, less than about 635
um (25 mils); more preferably, less than about 381 um (15 mils)).

Preferred microperforated films for use in the present invention are disclosed, for
example, in U.S. Patent No. 6,617,002 (Wood) and WO 2007/127890.

In one embodiment, the microperforated film comprises a polymeric film having a
thickness and a plurality of microperforations defined in the polymeric film. The
microperforations can have a narrowest diameter less than the film thickness and a widest
diameter greater than the narrowest diameter. The narrowest diameter can, for example,
range from about 254 um (10 mils) to about 508 um (20 mils) or less. The hole shape and
cross section can vary. The cross-section of the holes can, for example, be circular,
square, hexagonal and so forth. Preferably, the holes are tapered. The microperforated

film can be relatively thin (for example, less than about 2032 um (80 mils) or even less
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FIG 6 graphically depicts transm ssion |oss data from an acoustic
conposite of the invention according to Exanples 3 and 4; FIG 7

gr aphi calwg 2d@pi3zies absorpti on data from an acousti c compodiSb@9nisehe

i nvention according to Exanples | and 2; FIG 8 graphically depicts
absorption data from an acoustic conposite of the invention according to
Exanpl es 3 and 4. FIG 9 graphically depicts absorption data from an
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10 graphi cal | y.sdepi ct s.absarption data from an acoustic conposite of the
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The flow resistive substrate typically has an air flow resistance of
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about 20QQ, r.awls; more preferably, between about 200 and about 1500 rayls).
The flow resistive substrate can be any type of porous filmor web. The
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t hernosetting pol yners, non-woven nmaterials, woven fabrics, netal or
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square, rectangular, hexagonal, and so forth. The nmaxi rum di aneter (or

maxi mum cned§erseatpandabi meneipbeies.ithermafly candugtive particlsrelestienaily 1016 (t m (40
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antioxidants, optical brighteners, antimicrobial agents, surfactants, fire retardants, and
fluoropolymers. One or more of the above-described additives may be used to reduce the

weight and/or cost of the resulting substantially planar film portion, adjust viscosity, or
modify the thermal properties of the substantially planar film portion or confer a range of
physical properties derived from the physical property activity of the additive including
electrical, optical, density-related, liquid barrier or adhesive tack related properties.
Copolymers and blends can also be used.

The embossable plastic material can be contacted with a tool having posts which
are shaped and arranged to form holes in the plastic material. Embossable plastic material
can be contacted with the tool using a number of different techniques such as, for example,
embossing, including extrusion embossing, or compression molding. Embossable plastic
material can be in the form of a molten extrudate which is brought in contact with the
tooling, or in the form of a preformed film which is then heated and placed into contact
with the tooling. Typically, the plastic material is first brought to an embossable state by
heating the plastic material above its softening point, melting point or polymeric glass
transition temperature. The embossable plastic material is then brought in contact with the
post tool to which the emobssable plastic generally conforms. The post tool generally
includes a base surface from which the posts are suitably selected in consideration of the

desired properties of the holes to be formed in the material. For example, the posts may
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The plastic material can then be solidified to forma solidified plastic
fil mhaving holes corresponding to the posts. The plastic materi al
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tool. In some instances, the solidified plastic film may undergo treatnent
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filmportion conprises at |east 80 weight percent, nore desirably at |east
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conpr i sesbonerderenmadepobfmérk endbxdnealedemincomechtptic\adegitive artd thepubstaaially
additives. In_.a further exenplary enbodi nent of the structyred film the
bt ant I TP aHEOn | RSB OT« Mo BB OBL Ve g et 2 o

t her mof orqgaidigy, Bt 8 abedt 5 @M N8astden fa'tdt&ﬁw@?ﬁ’t oTRRORE, CRBEPTilng UShidbes and

havi ng the above-descri bed average film portion thickness, wherein the
first anddddventhchuledrut s icddiestedrte addpyseshichfas thasg dagsribed abavenot cover ed)
s0 as to be pagifl.onabhe ANd o al! AENARLE Ly BlsShnethuRSb LAl o

The structured 1T Fe P ther Conpri $e °4 p uraYP{y of tRBuPAr pPo? 88t i ons
ext endi ngighongert (kﬁhérhfoﬁrn{mwlhat%ﬁﬁlffaﬁﬁingfthd st sidastant majok yurflcanadd fil m
portion such as tubul ar projections 12 of exenplary structured film 10
shown i n hevg the abaye-desgsihed averpes Bl pertien shiekngss ivwhightiy theghermpformmbla he sanme
t her nof or . it rn - { ially
pl anar fi lelﬁagrctgS ?1 n?esslc}nde(;%ﬁg% Egg.f%gf’@vr%’g%ﬁﬁ%%? fﬁ%ﬁ’ﬁg&i%@s@%{l ?lg‘ﬁl% i/t%%%'anar
film portliharfuahd dkbheppluecmabodiment oftthidstharturpd Gjreche sutstanaatpy plasareilm

conti nuous, .t her nof or ned tructﬁgre fogrred froma single tt}errmforma |l e
conposi t iRKIULTARATEPhY SBRE Byer phHherapiorpadls mleiahiirania Y iapferendnd

opt i onal _rﬁﬂ?f §ur®88s and havinglthe %d%fdegﬁ?deﬁ%@erﬁg@ﬁﬂhﬁ&@i 8 thitRsS Wagtanteal 1y
pl anar filmportion and tt%e plurality of tubtlar projections (1) conprise a
cont i nuousst andeseomidonaredsustacercire eepdsod (fedefanmie, arsnoigbecrehesormsftoberabl e

conposition,. a i c,free o ost filmformng, projection-formng

o orv at 19ntioReD g bidbr RIS Bt BRT et 1 m for i .

proj ecti on- f oryHcn@ublut&INtiadsi fRRherl cdmipsiesla bRirsl8$ 6F tudalas 91-‘6%&%’%9&@&_1&1&@(3 esses
used to formprojections and/or openings in a film Such conventional

pr ocessegbprethgdst maior sur@ce of theiswhstandiatly plagar filsy pestion midhigpsdelaparused to
form projecti i .ousl i dified fil r ne.(foar. | e,
not o ol e R Ay R SORIE 0 R g o b 1R Wi PR

punct ur i nge 8ésefably formed ffo@ thd sthad thtyncTbrnidbiibaipd3itiinastd @ forialye dve-
uniformy distributed gver the first nmajor surface of the substantially

pl anar fidenstpsdsrbyangially akaaniikn peréien Buenslcsived cpbrdimpnts thepgpsiantialyf ace.

In sone el;[%g i .t ¥ . rf%inﬁﬁfs. niformy

di stri but'e g\&;lg?[ %E)ﬁleonfapragl{?é %facl)llrt}; és{fut(ra Ig%twgeggo%ptl naFﬁ&ﬁgﬁ%%}l ?’espondi ng
portion dherhivdorsedandctosy ormsdifrbaceyinglé thcdnaofuingblarbmabtitiopt@nguisidig | m
portion. I n one exenpl ar nmbodi nent, the structured filmconprises a
plurali tfnsform%wg_ S ghoycceeniumsd eeba g aiorkadditsEbst anti al Iy pl anar
filmportion, WReIeiiBsiRA%nMod IR, Wb REn® Q] f5lak AR poRdndehd i) a hole

extending froma first projection end above the first mjor surface into or
t hr ough tierabybttaintlargirbjgctpiraiacofipkise poortinonys, (hdrmotorped prettinodomnaewal |
sur roundi at . | t aportion of the hole, th rojection si.dewal |l having
an outer iR uRBRE st 4 Fhate Rt Hos TR ial | surf ace,
and a pr qirgjetticHfosintRVeH dntdtidh C MR@SEd hé@Bid, thicitérin G oRf Rin®Edri@y, pffj&dtidn- L,
extending a distance fromthe first projection end to the first mjor
surface, fpremgioncatation’]is usdd tolfesgibsjcerydnandlerepehses used to forme pepjeatiage il m
portion thi t. 1§ atql t e i t t he
rati o of atrlllﬁgol‘§ %ﬁ%ﬁfé%stlflg nfﬁfné nsd]tcﬁ,%gﬁn_\,}e%? gﬁlatl Il])g‘0c§\s/sg % glgcg&(]}rgi %%%géé?%iﬂoﬁﬁpetdﬁ?takness,
t, is at least about 4.0. In yet other enbodinents, the ratio of the

projection length, L, to the average f-i1m portion thickness, t, is from
about 4.0 to about 10.0.



The tubul ar projections may have a substantially simlar projection |length
that varies fromfilmto filmdepending on the ultimte end use of a given
struct ur esof2oém374bgpi cal | y, the tubul ar projections haveCa/yse@pseiseon

|l ength, L, ranging fromabout 25.4 jim (1 ml|) to about 1.27 cm (500 ml),
nore typically, fromabout 50.8 ttm (2 ml) to about 2.54 mm (100 m ), and
even nore typically, fromabout 508 gm (20 ml) to about 1.02 m"n&40 ml)
The t ubultheMofeiEBg bepesadety Toan PLRYacHERs BesrieyiBady polidiBedny ptrydaer {for

i chnesc BRI ELSHILAR 18 ARLE bep o B R AR, < o

use of asgipven structured film Typically, the tubul ar proj ecti ons have a
proj ection hol e h ran |ngfromabout 25.4 ¢ 1 ml) ut 1.32 cm
(520 nil), TshetP‘JHaE‘é’l QNSRRI B, U i %ftrljaufree o48iglE 79" mm
(110 m ), g@f‘ﬁnﬁr\f@@f ﬂ'i@rsﬁbsrtéiﬁfaﬁ ha}‘rar fﬂli’l'p #BRYE raﬁggmmlg%@uﬁﬂlo)verttﬂe ?ilPsQUt
1.14 mm (4 , projection ter rangin rom about 25.4 m (|
ml) to abguot su@fa35 hm%@%nbndhmentmh@pm;qilty:af tfupylaf promcaiboudre 2Bifdrng (1 mil)

t o about 54 even ret ca 0 bot2541 .tm
(3 S b obadRe Mo b M T S B RBie doathE PP AR os e

rangi ng fseedndahapt suzﬁc? 1thé éubmahﬁan |BRRUImPBi@m (20 ml), nore
typically, fromabout 25.4 ttm( to about 254 um (10 ml), and even

nmore typicall ﬂn ohg cmrmﬂ@lmerlz@dzmgm 1411 stinlcrtt,uretié“llmw@mpnms?a rglnra(hsy of tupular
The tubul ar. SC int oj ection
o deval | Tpic s SEeRNE ATRY 8 b o AEY £EREBleP oo o BerTh el efieher

descri bedualavgojctiodenpredt ahylcaxtadingEim aatirstlpe@sétloal d@@rabbmrlefﬁrgthe
tubul ar projections have a projection sidewal] thickness equal to or

great er tAYAT $UERCA VP ahdrey ﬁhwrbrsraahallwlewéﬂel pogtiony{ii} hRrOkGHRR ant i al | y
planar filkm.par ctions
may have <|'1;1 va(rﬂrsetr qm% aleaes g8ﬂ%‘£4bgglge @el%t%rl%ﬁA e%gg%%lpgﬁélgp ﬁ%arp{“%le
enbodi rrerﬁrSJ,ectﬁdiesldi@balﬂl ﬂllrfapﬂf, (ahémtdr pﬁgedmmelchmﬁcdmbepamj &ptojeenorsidewall
posi ti oned. bel ow t he. second rfac S ally. planar, film
porti on. EWEIE%éﬂsaé‘ A B IIHEFHED: ol It raeine 1rtr1rﬁ?§b ﬁr& fliféfepfaleﬁ‘i“m Aty of
tubul ar g ol L&kt ABRr SRR Rcf b BRuR SEaRn 1@&@{,&&@%%& gyipgrtion,
wherein one or nore tubular projections rrprr se (1) a hole extending from
a first poojiecthidmesng issddaast aboet 3.5r $t ottmay cmb@hmfmts,ethe rto withd progegon t he

subst anti.al | | apar fil ortion ect dewal | .surroundi ng
2t Teast b RS Gy ereE TRE par i iy de BRI ESiehaR ) R RERER out er
proj ect i iiddeVMal, lthStakib A€ the RBjcbidiElen@hOL, %Ttﬂeodlzeﬁd o &M portoll thRgkRessand a
proj ection sidewal ‘| thickness, and (ii1T) an end-to- end projection | engt h

ext endi ngs &oth aboaht8 té peammttA&. first projection end to a second proj ection
end bel ow t he r For I F 2A and
2C- 2F, exenpl af%/ aﬁﬁb |8tr1((§)n%ecaf%' Ghs o bﬁ%ﬁ{m giem%rsje nlen tﬂl%ﬁosi tioned
bel ow sec@nds fmeQﬁlnﬁtbrﬁlﬁ%péﬁldlﬁé of u&sﬂammeelnhyls@bemgﬂ’veﬁ sthmuned filrn 11.
In sone enbodi nents in which one or nore Tubul ar projections have a second
end bel owrielly et febubajpsei catigns fave fbpr%eweoe l%gthaﬁt geing franaakaut 29 riMor ti on
of the sty I t L¥opave an
upper pro(j g@% :{é%ﬂ 1Ietnl jtﬁhcnggﬁ)Oqjélm?ﬂoqret sta %%ﬁ&téﬁﬁ?&g?ﬁlpﬁgj eclpr on end
to the f|2rs4m|rra(1@0 nsﬂpr iuat@zen\nﬂmeeymcaalyr ﬁb]ﬂl(}lbOﬁt J03eumiPPemilptoodbeat 1.62 | engt h
(for exarrF g] ection length, L) to the average filmportion thickness,

, Is at @e(é@n& out 3.5. More desirably, the ratio of the upper projection
| ength (for exﬁféﬁh@ulaﬂ;r@je@ﬁdﬂs%aﬂ S Gther d@scﬁ&dtlﬁ@crﬁl‘é%rf@r% ﬂrbjc@ﬁ&f’l’idlbon
t hi ckness, t, is fromabout 4.0 to about . tubul ar
proj ecti dntgtlrmyomatm lvlpdivjretyri o rsojdetival Sldetvrﬂlldhwes®51mh dmafmsmsl odl ong t he

projectio .Ienth f r exanml ectronl e -end
D o ect i qiFBAGY Ar RocBiBaRn fi i gkS Hu o FLiy oo Bl ad BESIEC i ons
12 may CQH@fdbﬁﬁrr rd}éc@iloﬁ%é\%rh srbféene holE NngkNRESink Mk ABD NS [ SYPSHant i al |y
constant along t projection l'ength (see, for exanple, FIG 2B) or a

proj ecti df ab@laévﬁ% crrn( OcrHk geore h@rca»l/lw freny ahpwri-§ wa (Bmoj)de e 2| 7e9rrgtrh (see,
for exanpl | n r or nore
t ubul ar nggg? eclb%gsev'%é@gg%% |Cr%s% fro Ia&gﬁr gﬁggéz% ﬂ)tg%rggﬁltgfé{]r On base

| ocated proxinmate the first nmjor surface a second wall thickness at the
first projection end, and a third wal I-%+hi ckness at a proj ection m dsection
| ocat ed between the projection base and the first projection end, wherein
the first and second wall thicknesses are greater than the third wall

t hi ckness (see, for exanple, FIG 2F). In another exenplary enbodi ment, one
or nore tubular projections have a first wall thickness at a projection
base Iocat ed proxr rrate the f| rst ITB.] or surface a second waII t hi ckness at

o, o o " o I



It should be noted that the tubular projections may have an outer tubul ar
projection cross-sectional configuration that varies depending on the

desi red cwozsesBeicsonal configuration and the type of t®oriusgoesers24 0 form
t he tubul ar projections. For exanple, the tubular projections may have an
outer tubul ar projection cross-sectional shape in the formof a circle, an
oval, a polygon, a square, a triangle, a hexagon, a multi-|obed shape, or
any conbiRk BOFOIEH ¢ diameter rqnging fiam abow Bp|%ay (EFBD P AR §-35fmihe

structur I]: . ] i O exanpl e,
ol o 15) a3t EffimoRREpEdIHof {dak bl WO B BREN P ot PRI B PHSTRL o
(W th or et houd typhallpefeh ibout@selemd] pahito abouw 254 hen (MOl aengda oj ecti on as
descri bed above).  As sho in FILGS, 2A-2B and 2D- 2F, exenplary tubul ar

proj ect i giIegBodaYalhickBess ranging Bemebpwiipst wind gnidre ag?%@ét%ﬁ?q engt h
fromfirst; i i i i A in Fl GS.
DA DB andT RS Bty oRein Mol sSCEANE R BB 204 BRHE miDf S AApdd

exanpl e, tFEiGBly, Zhanasishu D5 .2)m O milgtmedbous ibspmrid inal)l y constant (see, for

exanple, FIG 2B), along the projection length fromfirst projectjon end 16
o sbcond pr oj B EtareqsoR e iher ENathe i ingt dinmBhlonamdsSan

st ruct ur aflickhdsgie RN IS theivBlagt @illih tpYrifn thieREdsaI 7, BEsCHB&E dwRRS. AxdRNdi ng from
the substantially planar filmportion, wherein at |east a portion of the

t ubul ar prenekry emsodowph ptleagtia)portidnaféhefibelad pregectionshayefa prejectoroj ect i on
end above.the first major. surface through the.substantjally pl r film
port  on SRS AR T Ba R ML RS S B SBART RIS R £
portion pubMhdiang pihapfighipediohhr ough the structured film (ii) a projection
sidewal | surrounding at |east a portion of the hole, the projection

si dewal | havi ntp $evaun&IGpr )28 Ff@ﬁu@ﬂ%rdmepﬂ@mmaafc@yearvarlﬁtﬁeqf shanspect i on

si dewal | r J j i |l t hic - (e

ond- to- erbsr oy asr PR RuBEeiohs IR PSRl SRR i cplibdhaBEs, ot on
end to thecaslqeodctorogreigiostionedbelow the secdypinaglr syrfadelod thadubbtantigdiyoj ect i ons

extend substantially perpendicular to the substantially planar filmportion
as shown nqwat?l&.powﬁzﬁfl f%%@ﬁ?t%ﬂ@flﬁe_ eéW@H@&?ﬂ@ﬁéOl@Pﬁl?ﬁ@Wéﬁh%? j ections
relat'Vetﬁﬂﬂ&ﬂ%q&%?ﬁﬁ%ﬁ&hﬁﬁ@%%ﬁ%ﬁ%%%b%hhﬂﬂ@g?&h?Bhﬁ%@ﬁ%h?@h&eﬁhﬁw&ﬁope of

t he present 1 nvention. ubul ar projections may be present al ong
one or bonhérereludar sojcttapssonprishe) sbdls eatendiak lfyonph &induprdjedtiongod abave of t he

structure ilmat a tubu]ar projection density th vari es .dependi ng on
he " dest ABEITTS BTHAE TP B g hrogR ey DAY e e SR BT G Pepr Uy e
film I'n oneesamh@divg SMeadh FBARion IR KO Uh@proRicAbE SHERMS haify B &Nt
al ong one or both nahfr surfaces of the substantially planar Tilmportion

of the stnreisetinredddwaliusface animner aroipatiopeidcve sudiesi ad oproigstion sidbwell 1000
proj ect| ‘%[ﬁ%féf&g, oy RYLES gt 8 Profichidn iy Ehh&tesn‘é?étf‘&tst'aﬁée' ﬁﬂorﬁ'tﬁ‘@ﬁ{stf' I'm
y Iﬁy, YHe ¢ Far on

portion. pica ubu pr o] ections are esent along one or both

maj or surgraeesoodnditba ss¢ddgtproitttadnl shdesvathelsedondpndjbt Qirfacé. Fhexamplect ur ed
filmat a tubul ar ﬁﬁgjection density of from about 10 _projections/cn2 to
about 300 hoyREt Fisns 2anandAC-dht exeniplary fetailagmeejegfons HR cepbstamtqeanrd y pl anar

film portdqny positioned below second major surface 14 of substantially planar film portion 11.
In some embodiments in which one or more tubular projections have a second end

below the second major surface of the substantially planar film portion of the structured
film, one or more tubular projections desirably have an upper projection length extending
a distance from the first projection end to the first major surface, wherein a ratio of the
upper projection length (for example, projection length, L) to the average film portion
thickness, 7, 1s at least about 3.5. More desirably, the ratio of the upper projection length
(for example, projection length, L) to the average film portion thickness, ¢, is from about

4.0 to about 10.0.



In sonme enbodi ments, the structured filmis liquid inpernmeable (for

exanpl e, water inperneable) and vapor perneable. A net hod of making a
st ruct ur estof2odam3asef ul in the present invention conpri seSTANRIGMIZSY a Sheet
of nolten extrudate froma die; bringing the nolten extrudate into contact
with a tooling so as to cause a portion of the nolten extrudate to enter
into a plurality of holes |located on a tooling outer surface resulting in
(i) an air preHiggpluly groiseidonsinly vewaseicetion gdryallkihickpess skt varies alongn one

or nore - Of - 00l i d a.lower_ air p > 0 ter surface
of the mint B ateh MRy GBI oy iElc R, PP EOTBGBIET B

pl ural it ylewdthpriy shotindnF1@E o2&, exadnipgaryeutiuiadabectsansflaarsy @nmpweng ai r
within the one or. nore holes of the togling to nove in a directjon toward
the out erPreigFHREIGYalL hiekngr dias r%&%l%%}ﬁﬁ@@ngﬂbo%n@@n& Heng BSIPFHE S8 as to (i)
reduce t 1 r ifite I kil j i W t hin
one-or g A Bl e e e

ext ni dat erajectiql langthi(teg, ok eparoplefliGon 3 Atandf261-2F)n Istonaekemeldryf i | m conpri si ng
a substanti.all | anar fil mportian having flLrst d second mmj or surfaces
and a pl GPRTOYerls e R anerr G Qedr o E® bittehtishyf PEHESS HesmpleRt 1 ¢ ot
M) Or SUrfa8€Rcated proxiiketEiRPAUPr SoesR| R53toh® WANGhieknIB K tRE figst St ruct ur ed
film the bringing step may conprise nipping the nolten extrudate between

t he t ool imgicetan endniupl ¢ thiind, walhidrekinesstah e proedtiongnidenepen dsgted betyoicniley r ol | .
Further, the all.ow ng, st may. conpri.se, rotati the tooling.roll and nip
ol | so’ el B B sf s PaRehe Db g R W Phacs®Sy The
ol t en exdré pebatce thappRsthirg wdllethicidss (@e, fo cRdiplof FIGheFeXBrbeiey cxeiflags of
making a structured film one or nore process garaneters may be adjusted so
that the “ogineRY> ancay masg (budarprojeonp haycet firsbiyal dhigkngst #iapraiketioy nore of
t he tubul r.oj | r a, fli j - i ipnto or

t hr ough Jﬁ%agﬁﬁéﬁgﬁkggﬁfy%bﬁéﬁgﬁﬂ¥%Fﬁ1Sb?%#%ﬁ&“@?g%ggk%%gﬁgﬁgF%rs t hat can
be adj ustpedjcttivn ¢ndeandaithi@rvealhibickhedyiat e grdjectiodmidxderion &iceted bopaenthoon, an
extnidate tenperature, a fooling.tenperature t ool i n peed,. a tooling
hol e deptms)JeathPolratS%ﬁn@bﬁrfﬁﬁar@e Hetdy ¥ %rl?ﬁle%‘g,%rséran%ﬁ%f%@iﬁﬁﬁﬁ]&tcﬁ@ﬁsetshereof
I'n other exRuDiah YhdREAIS tRlkARK {0, Br Stdtil Yigdaki ! m one or nore process
paraneters may be adjusted so that the allowng step results in a

proj ecti on holle fuithdniercropleryoembshiments blitharstrpetojeddilimpnse otabregnbdads from a
first projection.end i.nto or through the sybstanti.all | apar filmportion
so as o FGPHASHRRDE B pSrErarrioRarTh BOu it eI Al Me proj ecti on
hol e. I n gubitentRMPHNAEAIm pbARNLMRRLAd BRES-sRAcABYrdayRAS id BSENtIy W t hin

t he substantial ly planar FI[H]DOFtIOU, (i1) below the second maj of surface
of the subahfinaertipnphataihinddresspeetiangharcebelpwithy sasendmpjor saerce(dfithe
Process pa £Sat n adj ust . bubbl e i.qn, i ncl ude,
but are nap BB AR, BRkE BEAh0 sl Rl SRk Mt Ras M mer at ur e
a tool i nget@npadahidd esosfsdceiohdl Ageas prRedor axdngft,ifG. PO) elnd@pichembddifatitgn
extrudat e sheet thickness, or any conbi nation thereof. In sonme

embodi nerftis of Mafp ubKlag PEUEEIoBS Bietd Wibblesporbemheer Giammpile bhlde pprtionrl@ t ubul ar
proj ecti : dp§q§ Rk, . St r i r.t i se
openi ng 3ﬁ§WBE€§}e p ?gﬂggiso aggf%mgfg@?g%tﬁgag%%%%n Xﬁkygggﬁﬁg%%gﬁ%letely
t hr ough ah®ugh theatnbulef prbjeetidn binl theseprdjodchdnts) she Biibdlegioetiorofandpgmesegt t he

bubbl [ [ [ ' he bubQl ' f
exanpl e, O ERRGCSBRETY Blaet BlPocops HBSC PhesisiRBubRUr EFoR (10
punct uri gyt APaRUPH | &ePRF X LRHIEMAG. Qéﬁ”ﬁﬂ SmMubthertrilRith&t Ol 184Ber sharp

object), pressurizing the projection hole, heating or flanme-treating the
tip of thwertarbdltee pabti¢ portioncambyrenmvbi tapiowiicah opheng buieedide sopidetic

openi ng steps. | n, ot.her ex | a t hods of. ki n structured
CTTm " onagR e U reeduS bt proidiFah shd o e el et st PREeiiing st ep
resul ts igdr@orPéu®blel fontidiol Balvhgd ScBn@B&I PT ofMRb@af pdjHcAbn P2 ShRed indis;. t hat
extends froma first projection end through the substantially planar film

portion & &vybe rgnexaddy aitiingdawblegostereHilage deshed fac Brid skywiy G- ubul ar
proj ecti (for exanple, without the need for the above-descri bed opening
step). Agai'n, process paraneters that can be adjusted to form an opening
extendi ng conpletely through one or nore tubul ar projections include, but
are not limted to, an extrudate conpoéption, an extrudate tenperature, a
tooling tenperature, a tooling speed, a tooling hole depth, a nolten
extrudat e sheet thickness, or any conbination thereof In yet further
exenpl ary net hods of naking a structured film one or nore of the
above-nenti oned process paraneters may be adjusted so that the all ow ng
step results in one or nore tubul ar projections extending from above the

o, o Y Y M o, o o -



portion of thernofornmed material bel ow the second outer surface of the
structured film if necessary, so as to provide an openi ng extendi ng

conpl et elwothovodgts6one or nore tubul ar projections of tireTAtSeao2sed fil m
froma first projection end above the first major surface to a second
projection end bel ow the second major surface. In this enbodi nent, the

nmet hod may al so opti onal ongrise a step wherein substantially all of the

C . .
t her nof or ned rfashouidhbe nesedithatithe dplahartirei cetians mepyridy e an guficf idBlap projession
structure i - - & - £ OlTpK i Ses a
pIuralitfz%%*?ﬁ%%%géﬁggﬁﬁggﬁﬂg%g%gEbnge%n{%ggﬁ%ﬁgg%&%%F%Fﬁgﬁéﬁﬁce of the
st ruct ur ednfighmion and the kypeateodagiuseditocivhadia@biilar prlogctieddldtbrekamplsj ng a
structure filp1conprjses the steps of extruding nolten extrudate froma
di e i nto 'ac HibHlaF BFAtesdoBR AR EAY LAt HHieh 1 higat RFQISCHER Fiopy-seaHanal shapcdp theg ni p
roll; forgj t f : ' a aly hol es
| ocat ed | AL FROg Ty 4P ol oo ARG iR, S HeRldtn®a Bl Bchindye, 2
di f f er entdrahy bembmenomtheicgher air pressure within one or nore holes of the
rotating tooling  roll and a |lower air_.pressure an outer surface of the
ol ten oxt ruddf@UshEERTRAN pRPe gt hEE SBRHG AT, o s B rat f on of
a plural 'ﬁrgie@tﬁorﬂﬂl@b@&hbl@'@for%kﬁﬁﬁleahdl@hSFékt&?&EﬂgMﬁetélyrtﬁl%ﬁgh tfeot ating the
tooling and nip rolls so as to allow air within the one or nore hol es of
t he r ot atsubgfantsdlyiphanar 6lrh ppgiopdwethijon wathdirrtbe neastotremayai perdionof e sur f ace

f th I d [ h i. [ f
or of oct | oHonR BORLATh URRRES v ' PEhuT BIGT A 2B oy 26 bt ng ™

cool i ng ttheulambrbrotiest RubaimeisafolcAiSuhalckicndOdlops Qicgrbdjeith ItAstA flogimst at ur e
bel ow a softening tenperature of the nmolten extrudate and plurality of

proj ect i dHicctiH] @dghbctmspennd preiestisd iyl 7o Aspbp VB AREHO YA Band 2BAF - us such
as exenpl r i . I 3,
exenplgpiﬁé%ﬁgggﬁﬁg&ggoggﬁg???@%b%yg%gé%ﬁgéﬁ%gﬁ’%@ﬁ%?§%¥@ﬁ?%ﬁ a&;DIten

ext r udat ecdinexxbitsntiaMylcorstareXtdecyfbaterardle PFIOGE @BJ along thxoprojectén whgthefroml t en

extrudate, 32 passes between nip roll 33 rqotating in a first direction as
noted by HprRIQCAioLGY § { ISF‘Hﬁldrpé‘PJFCt?@ ¥¢tidting in an opposite direction as
noted by arrow,dfe d&irdBfodfifbnt h st RtbredBih RbASRAs@ ARLkLB ORI R! ten
extrudate 32 into holes (not shown) wthin an outer surface 39 of tooling
roll 34. poofeenonsgxfeadmgIB®nothersupstargially 3Biniasfilny portimh) whenmatt heastredpdarson
optionally. coated with .a release material (for.exanple, a silicone or
PTFE) . A!fﬁ%q Bbio o gulet SERE (T2 Rl e@%efédmﬁ frURGWHY BRSS9 Y ace 39
of toolinge fith maist sgﬁgcettﬁmfugﬁ% RYstatiBly pidlat 8GR pdRidaAfto AisBedn@!projddiondi
pressure within individual holes (not shown) increases, formng an air

pr essur e aidfrlovetheisabstasialli plnar filinypestionprovidieg sy ppenig thironghile | ndi vi dual
hol es (na h and a Y ssure. er of,. .nol ten
oxt rudar SUsSNEAIE D Fulsfiiln Hob LSRR Y RAGE R 865 15 lhsor ng
roll 34 rebRtton Dadvedll Isvideadeoudd pedjcttidh JiddwallFarfase, dh $ilcapriedtibam out er
surface 36 of nolten extrudate 32, which allows air within | ndividual holes

(not showiievtal sufoes. end aarmcaisnsilswal thighiese apfl (iH) An erEto-¢idl RFPEGEOD hol es
(not sho : - is, toward
the. 1 owergth SHEAAn g Rkari FioE e ¥R ol PR R Ty MR et

i ndi vi dual holBgidahg; ths ndwher podjectiohe extend fidsandfloperpaaticulag to did 34 begi ns
to harden. It s belieyed that no]ten, extrudat dj acent _outer surface 39
of tooli r?@lbmt}aﬁsﬁaé}ﬁa himastoass Phatt & Bt ;%Wéi%gthﬁa?rm%_ﬁ Pbr to a
central pERILoREHSRIERAVEN! the SdstintifiRp LA derf?&?‘&ﬂe%ﬂﬁﬁ tHen@byd sual

hol es. As nolten extrudate 32 noves frompoint Pg to point Pc al ong outer
surf ace 3Be pfes¢nvabviengom.ol | 34, the above-descri bed air novenent causes a

hol e to devel ithin the.mol ten extrudate, which quickl ves .t oward

oo o ot e L s Mo bR TR b e b3 A qhenr Pyl iadef sy B GF sy

novenent sﬂBMaﬁt&ﬂ‘;”p‘laﬂa’f‘ﬁ(rﬁFoﬁioh@f%&%ﬁ@ﬂ@éd"ﬁlrﬂ ﬂtaﬂu&fllai%kb 86n dersubsant i al Iy
ten extrudate 32, bl e

pl anar film portion of nolte e (ii) a bu formed within
and/ or belapgs €¢nsnding onde desired tyblubas aroj¢qtiomdgayityl ard G cpdrsedf thxt r udat e 32,

(111) 2 hohguret @R0T AGrCO0BlaLE) b QDAL SHISL BN ALY, B LT |

portion o en extru a sécon on e second
maj or surface of the substantially planar film portion of nolten extrudate
32, or (v) any conbination of (i) to (ﬂb). At about point Pc, nolten

extrudate 32 and tubul ar projections 12 fornmed therein arc substantially
har dened. As nolten extrudate 32 with tubul ar projections 12 therein noves
al ong outer surface 39 of tooling roll 34, outer surface 36 of
substantially hardened nolten extnidate 32 cones into contact with outer
surface 40 of take-off roll 33 rotating in a direction as noted by arrow

A A A\ a4 = T 1 . ”~ ~ - S I



The di scl osed net hods of making structured filnms of the present invention
can produce structured filns having relatively |arge hol e depth/hole
di amet er watn@sl37466r exanpl e, in one exenpl ary enbodi nemrCI/ush@duzses osed
nmet hods are capabl e of producing structured filnms wherein at |east a
portion of the tubular projections have a projection hole length to
projection hole dianeter ratio of at |east about I: I. In other exenplary

enbodi nerfns or bpth rasisciwsiees fehnsibstagtieleplpeas| fdmarorieroefithe pgucdyred lm e d
filnms wheregj ki I j ' '
proj ecti gantﬁhlgﬁgﬁﬁokﬁg%d%gﬂgro g}”gclf:bt ?[];?rl]ﬁ E@Ote&gié gﬁrée%sg%ngrogfoiﬁ%e?g rf%t% eeagtosft about
3:1, and thssuhstihtialdy pladardiich guirgdrer Typically, thewiliubarprojetiéonalard preyent slopg ovi de a
relatively thin substantially planar filmportion allows for |ower basis

wei ght fi9@r bmlalire*i%%%as%s %ﬁt}%m%étj@w& PR BrROTEhelch® SEuAyst 1ieBef ons. A
| ower basj gpufei Sidlectig ddhifty ¥ Rt dbose1 d gﬂofezﬁeﬂs/&ﬁ%%sﬁﬁvo o RRal S0
translates into lower raw %ﬁterlals usage” and | ower nmanufacturing costs.
The di scldfsettr vetfitsdscaarfehcapatahealyf plpraydiiipogtiet r uct ured fil ms wherein at

| east a portion of the tubul ar, projectigons. have .a projecti.on hole length to
average {11 m pBSOTSSTDATERIES SeRgobgrash AT s AL ABEORDE Fomesadate i n some
enbodi menyer ithpRiREDE) 208 vERIrchBOBIh to average filmportion thickness
ratio of at |least about 5: 1, and in some enbodi nents, a projection hole

| engt h to averAgethod ahnpaking osiruchirek fbs gsefak inghepresant invastiomagsonprist®1 or

hi gher. . The. di.s¢l osed net hods of ki ng. structured fi . may utilize
 Pool | nging WSS pRIEN RIS Py IR DAY FRYSE S B Hengt h
L, as deswhidoeditabayinglors @Xadiid € podiod Wi tialheltdnosdtiubd e BRYNtEOMRY 4 S€ a
plurality of holes in an outer s,urFace of the tooling, wherein the hol es
have an alwpHgeftheksilomgtalome Wehrsower sisfacoroaplbing in (iIbapy pE8IEi 1) |1 n ot her

enbodi nent: - S| . I | t ool i ng
ol o depth gy S SehERhE 5 FretRe S bR M EhONS YT B A8 ) *ana

i n other lewbodt piesduse oman aver agct odihc mepltraleetrddps bppkité thervalbubnd’dij gm
(29.4 ml) to.about 1. 58.8 m]) Suitable toolipgs may al so have
hol es thef)P’é’Pﬂl,on\Mfé‘rPé‘i“ﬁ'S“ty%pP%‘BF@%O_nﬁé{?ég&ﬁ%d%ﬂn_Q’fHP IRSYTEAET YLBVIBREY | onal
shapes SQu@fin R §iRIIPldOHORE oPHRIEAIEAD ad¥R YA RYirBeiiRShH &M RE B8%r SRRk onal
shape. Suitable hole cross-sectional "shapes i1nclude, but are not imted
to, a ci raflties mahcrowdiuda® oppdsigchs tomlisgs@nseto (8 reducartigl @ paeshex digiengntial

mul ti-I obed s e, or.any cqnbination there .. I'n addition, suitable
ool | ngs ST haDE yieaitn FORNHBRUPrFohgF e rhyrakty Attt St ace. of
the tool ielitd Bk rﬁéﬂﬁ:’i’%’x&udalt@aﬂwfalﬁfalﬁ;ubf A6RcBSsab o0k kidectiel ifilm4) . For
exanmple, a tooling may have a hole density of up to about 1000 hol es/cn®2 of
out er surdompsismgassubstantipdlytpdasiar fitn pPisndaying firstrad sexsinid mep) prasirfacesoing a
density rangi. ro . bol es/ t. 300 hol e n2 of outer
surface ?léah@?of{tﬁbeuq%rg%ﬁéﬁéo.]h% ex{)enﬁf?]%ﬁffeg%(;ﬂ%@agﬁ% %rgtrr%gsof%uergagcgf the invention
conpri se acousghitife &k e eesmpatyanétibd dNeakia @ uStrctularfilirg theBingigadteshby t S
frequency absorption into the |ower frequency range and al so provides

i ncr easedfOlPARS MPPEIEdAe Moken extiidatsbetwersidhe FRONDE and A& Iodwwhesinthe ve

substr at & i J . ] . rtion of
at | east %Sér}g%o%%fp?gsgﬁij{dgﬁn 3§1¥a§£ﬁs@ﬁﬁé élgdr%ﬁggggglla#er?t r 1552%%%1?% t(E:lgbar rier
mat eri al tbslinpoodedd h lodtsh thajtlor nip uol saes poditidriee dveotive patir stiiface of thest r at e.
As used herein, tge term "bonded"” incl udes chem’gg5 arer? me?haigj cal neans
for acousPP!eR FUEYE SPPINYC (hnigpling, Injagy of My AREPLEX Meiieg$ ot Makiagdust i ¢
barrier n@yeftd fihe ohb6r &H#&%rﬁ@és@ paﬂaﬁle%@ﬁﬁ %@Q&ﬁﬁb@&@é that ﬂl'@%ll@%ﬁféssttépc
barrier material 1s distributed within the ¥I ow'resistive substrate (that
is, the acoutstin thelpaojcetem hvd¢ withal onicor hiars pite tuthdarfrirpjegtions to exterktomt i ¢

= Gens 1y G bhistiphind Borinto g B Bk BB RRG SRR aPiion, Rasibout 2
g/ cnB;  NYaLanidterk R BhY bOE G A& inthidB, WAk nod ligfiedBd, an Suirh @t orBFEMIEdY, C

barrier materials include, for exanple, netals, netal all oi/ls, nmet al oxi des,
gl ass, sidnexiveac tamneestaicsa toling iteiereratareay toabing spead, a tilia hiplecisptonat e,

bar i um suj, {3l S QAL S P ﬁllléﬁ(rﬁggs? or Qipydco%qna{tloﬁ%hereof
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The acoustic barrier material can be in any useful form For exanple, the
acoustic barrier can a particle, granule, or bead. In acoustic conposites
i n whi ch wheoadBusbi c barrier material is on the surfac@eCofuskéve/ofiisow
resistive substrate, the acoustic barrier material can also, for exanple,
be a continuous | ayer of mass conprising holes (that is, a "contiguous

| ayer") such as a netal foil conprising holes. Preferably, the acoustic
barrier nat erilgothes esemplatyarcthpdpiirmeking o sipucterd filmi ong BTMerePEICCHar ti cl es,
gl ass part,li | i : e . .acoustic
barrier il}gkagﬁeg?%gﬁa Q’gogﬁ%tegasgrﬂ%%%ﬁt %g)é)ﬁ %%Ftte ?g%'sgl.tﬂn afl%fe 1811%11 %ﬁg%é Igdi ment
of the i onentinans tubbkr pogetsione thhasxtewls fromt e ffirslprajsctinl cay éiito ©0 Hpough thy a

pol ymer such as, for exanple, ethylepe propy|ene diene. . Mclass,. rubber
(EPDV), et W@W@Y\H?Wlf é&@?ﬁ?@ S BY/EQ) {énBra t&% H?f%%{%@ﬁ %P?FH%W?CP‘?‘PI} ed with
particl es,hayi : | i t : It 11

particl e:‘m?gﬁlercbgo %tgygg{bgiyﬂggﬁteﬁbgoﬁg?%}’itﬁg@?g rilf)ltla(%‘!l gg)g%g%géhésdu' tabl e
acoust i ¢ voishrin ither substhetial iyl [danaf fiém fpoitlomy (ipdetovcthe sedvmdenmgodentace 9f thn gr eat er
t han about .| g/c¢nB referably, greater .than.abgut 2 g/cnB., re

br of r an Yo RESy eI Bh Bl BRdieh: o GPHeE) o) eRllidy Biboss irardis iR ber
particl esidiReddud Soredh BiBHR ?&*ﬁ@ﬁ Ml ®c, P@rdrdRd Hhit@t 18, arPd@ru@hR®bmposition,

m neral -based particles with a density greater than about 1 g/cnB. The
density ofh exhedgekgmperatuiet h taohiag témpasatugsap teadingspeed, & yqeilioalihple depdwmrabout
0.15 I b/ fntnozlt to Xfflbgu[te & ? hllcg</ fetsz.ora mb’?‘rrfatfao%%esrt ifc barrier material |ayer
(i ncl udi ng, Put " Hot P %e ol pol}yycf?erl RSt barrier material | ayers
cont ai ni ng fi lthgempanibogin®sys i@ avhiClOAPhbBISE phieibe ss PFmpEHitamadicdrsnordhe hol es
or perforations can be in any shape but are preferably relatively circular
i n shape.tulbparpigstigns, thyagethed f maldpg asirestuicd ShmapBURTBCHEAMREISE BBERIN20 nm
and are 1] [ di r

i cr opor 15 SO phfio SR oyt B SpertPBlieldELAHRLEL Ry REPLBRT oo
of this adoustubalabpuojdceondrelterstap ofl pyring thypbubdld portianges cobmprisadeololink0% t o

about 60% .By_addi hol es or perforations . tq the acoustic rri mat eri al
| ayer, | retimdffe %b\ﬂqqaﬁW@aﬁP%éX%Hac%t}n& P grﬁahaploaer Wtf%’f&? thetyBbico about
50% po %ﬂc&r&%%&%?ép&ﬂ@ﬂ‘ﬁo@&ﬁﬁié,%@a Radqrd &rd%h&%ﬁa@%bng,e by
bondi ng (for exanple, ITamnating) the above-described acoustic barrier

mat er i al prespenziog therprejicogprhiodle heatingarflammatreamg thotipof thewublels ipsttiongor
substrate. B B%ar%/.i ng #hhe orgsit.t{ f the gcousti c barrier material |ayer,
t he overeﬂnp'cé Bfipy Obthe ARRVe G GEPTLOREB§siPe can be varied. The porosity
of the acoust ifg oBiRIRRShHIBry Hethb& SR8 Ra EGll@FLAS odcd® iste Peddeds of the
acoustic barrier material layer nultiplied by the porosity of the flow

resi sti vepasampens greead)ptesk sorthiy| the allgyeing sicpsesuyts of a piegectienkglebyathin enc elcoust i ¢
conposite | t 0. 06% b %. (sor e prefe u .06% to
about 300}(’51 6%\@%%% r e]egtgoe teﬂ?aetl%fi%{asa %ﬁlta fg&@g@i% t ggna%%ﬁtb yaféﬁ/o © Stubgtal%imen

desi gni nglanr &Ga psition soQRREBiokRicla@ropanipakkictdingthrapgl oadriddte teigarof skil |
in the art can choose appropriate acqustic barrier materials using known
princi pl goisetigngdfor exgpple, without e need fiak the abpyicrdcssribegdiopeniae sieah Heribonded
to the fl i St R . US| S I ' f

sui t abl ¢ Ty wep el AR BRURIARrUch R R RUREREmPRIAPREEC . i g
copol ynmerancpomoet tuplikn grojemidnpolciudes iyt larneddt Yinated o, ab)exaadds campoditian,
pressure-sensitive adhesives ggi ch cure to a nhont acké state; a(gd

t her nos et& SHFUBHA FERRCTEHRTCC B 104D 8 IMRERRTF: & fopliag spies 4409 8591% Bihna,

phenol i ¢ RANLRINANGDeSLERLR ARlbimaddAtGbager s an epoxy bi nder.

The binder is typically prepared froma curable binder precursor. The
cur abl e bi nderlnpeetuthsioexeomtary orgirdds ef oralyangi acsttuhererollet, onagr stk ofthe
t her nmopl ai)ti c_mat.erial although this is,nqgt. a Leq) irement. Preferably, the

bi nder pra QV-LISP 1?%6(1@5 CEST RATRICCLS rp[&y be adjusc%ed So t ¢ allowing'step résults in

one or more tubular projections extending from above the first major surface of the
structured film to below the second major surface of the structured film. In this

embodiment, the method may further comprise, after the cooling step, removing at least a
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cured by radiation energy or thermal energy. Sources of radiation energy

i nclude el ectron beam energy, ultraviolet light, visible Iight, and | aser
l'ight. |fwolzoesamsiwbet or visible light is utilized a pheCoiuszemaises nay be
utilized Useful thernosetting curable binder precursors include, for
exanpl e, phenolic resins, polyester resins, copolyester resins,

pol yur et hane resins, polyam de resins, and m xtures thereof Useful

t enper at WnotiEef thermedonmpdrmasasticlayy tic veeond puiee suidseofithecytiygrred film, if
f I d - i ni . esi
bhenol | o SrEFAETY B TLS AHET A8 BB icel TR B KR Cor ROKRUBor ¢ o,

and am nqgpbjastians off fisadttucakedipofryest @it prefictien evd abolve est st medi pefacal Kyl
resins, ally] resins; fur esi ns; epoxi.es; polyurethanes;, cyapatc esters;
and pol yi'AFdELTOERIRFI el beareranainziuriee b O M B thy cured by
radi ati oy GRGS My L logqgnaQEB%le%ﬁgeeadst% ShBRAESLyARANLANIES EPBEHESformed
ethylenically ungatur ted conpounds, am nopl ast derivatives havi ng pendant
acryl at e matougddocaisideyan dtcssederd majpi wefschabihegtrattutedddm io nenpexddarihat
acrylate group, vinyl ethers, 0 resins, and.conbinations thereof.

Cectul ¢y Hotued P cBnaEHe sofRaTY 4Rl Bt 0§ ST esi ns
such as pglyet dstheneuandd pahypr opyl ene; pol yester and copol yester resins;
vinyl resins such as polyvinylchloride and vinyl chloride-vinyl acetate
copol yners; pdhywe dgdiredigmbodiment.h¢ micthwd od creakatees stenstuyed Glm egtprisesied udi ng
pol yacrylic and acrylic,copql rs such as acrylonitrile-styrene .

Copoty mertss B G B PR ELBARGFoT i B Lol fro Fsnt Midflbsepiine

The acousbilanbatstuiig AMPirel; fotcitonpheionof & bltdh cxtrailaieaito 6 Plurbiity GET
precursor) and then added to a surface of the flow resistive substrate.

Al t er nat ihpdasyocaiediinibrerotqting topligapll pesktingday) ap aH rressare difdcrentinl detvwssho t he
flow resigst: te C i i to the
coated supaEigel LA FiudRdat BERolIBIBARE Iful BB, ol AR R R

desi red patdsercron(dnarutesarfpdonf the ahottewextaidatcugppsitc the Mtatink tpalingeroll, eah be
obt ai ned, .fqr exanpl e, by applying the binder (or bjnder_.precursor) through
stenci | HY) PO&O@%}:P@&%W i awg%&ﬁm%@f){tm @emdét?rwrf_e%a ToipdRe B8 coat ed
onto the tBJ_)I%’g dRSiF FIN&o Y ReIINART Sir UHHhAOhE ShabY mo & IRAL AthOtdtdithe t68hlg
coating, die coating, mechanical placenent of aggl onerates, or by any neans
known i n roHé¢o motve irily gireddioh yoward ehaawersturfachalf the eroltenertridate eppasitdidebi nder

t oget her covyer  betwe about. 20 % and. ahout . 98 % of the mjor,.surface of
the 1| ow PRUTETTBESTDSE Popdo (e arariny oot URa s b 0e oo SR HsS 4
99.5% . projections! zﬁhdedﬁéﬁH% RMSItdnexWHSE ahdBlURARY SF hrojdR2abAd Bla tBRpSat@ 1S
distributed within the fTow resistive substrate, polyneric material

conpri si iglavhe seftwnirg feapbeaturt of theanaingixtrodaic bed plaraliidedproteatiensdaesi and/ or
pressed. Th t f _U.S.  Paten 4,486, .2 e | . al so be
Gsed for aphy Bl R RLARLute By rER h I ¥Ry opbe R0 W
the fl owghewhst FW@ ubstrate. The acoustic conposites of the invention
typically have a porqsité bet ween about 0.002 % and about 50 % (preferably,
bet ween about 48 shovgdp &G premplany appgFaupIbeampibiey a gistapsanbliBd donp. 5 % and
about 15 9% r.oSi he St ' [ : | of both

t he poro§¥%§h59§¥%ge%%%%%%?i?&%Wh@ggﬁé%ng&g§E§?¥%§Etgﬁgnﬁﬁg%@gggrage of

t he bi ndenolamxandats B2 paiyas béteremaipanil 8B rotating in £t difecsikn lé notad bhe art

will appreciate that .a n er of variabl es gust.be consi dered en

desi gni ngBY e BrsOPENg Blptkiofabing in 4 GRRISE IEBTHOGSH OIS Reyar i abl es
that can QRfifq6t n?%H%@'f@rc@?§ B&Rioh AP nfltdn EXANEHE $5inAhdI8SG0t oI Sifnle mass
of the acoustic filmand the resistive flow of the perforated film The
resi st i venfdupaw sorfaqeo¥9osi toglingfrotli3d. fQuiten shefgca Jeofgrip atledd isdfpiedty somoatine

absorption .characteristi¢cs.of an acoystic.system The nass he system
hos i b qhddy SURPRY bR ERif nall ETBHR LA ToR YRR, 4 HReR I 2TFEL " RasY hor o
di anmet er shpmasitidate 32 FRR9BRs (RALhSNEY ig vt RErfARBIYfitdRink! rOW3dAGE RASES) |
the absorption curve will shift to higher fre%uency absorgtl on and broaden

in the frietedropter andgece 3hofinterdlblde adipagpenre vethinpmdogdya) halss (red skewvipand
ther eby tiﬁgregs%g,lfg}nlﬁﬁg a];l lag\éxrésgﬁtre%ﬁf%&%ﬁtialFogt%\fe%g %%ré%te{r M B?e%gﬁ{r?wvf‘fhu th%hI ft to
| ower frequéenci’es and a narrower range in frequency absorption.

Transmi ssion loss is directly affected by Mass Law. Transm ssion | oss

i ncreases as the mass of the filmincré4ses. Mass will also affect the
absorption by shifting the absorption curve to | ower frequencies when the
mass of the systemis increased.



The materials sel ected when designing an acoustic conposite or acoustic
conposite system can al so affect non-acoustic properties. Dependi ng upon

t he mat erwal2goxtiowen, the acoustic conposites of the i npemtusern9mans2provi de
one or nore of the follow ng properties: radio frequency, heat transfer,
heat reflection, conductivity (electrical, therm or light),

non- conduct i vi tl#q(bel ectrical, therno, or light), electromgnetic waves,

light refindigtduaihhales @payhoming andimlowdr aiteressurg o surfp@domiimelien o

stretchablj conposites of the invention can conprise
one or rrgérxclgﬁléc{)at i OQPO%TE?%(%&L}%%%I e additional layers include, but arc

not limted t (As @ipfralb 83 Gndl t—l)pdihg 61034 mtz&erpjwer sufyer38 ofatip vall/&his dispthckdi t t ed
fabrics); paper | ay oIor con ni_n yer .(for. exanpl prin
| ayer) ; Hfredn Bifer e Ppisgmaliay Sririhin T S ou B i Bbingnd ol
pop! { Cat | 0w AP Abyd BRI 2200adi O3MRin hENRH Sl RS A LRSunf Bbld aYer o

films; decorative fabricC |ayers nbr anes [ms with controlled
per meabi | duter sufastB tacst rdmlsdnyesm;dateﬁﬁ(maes towendeths@wmmnsqrssstrbAamlﬁw,t etc.);

I emboaimente DR S ARG RROR S PO e IR e ¢ ne

f1 ow resitgélinterol BaYehak € RATRI. | BeSHdlbel @bt MOMESIARS ad}a@@nt%ﬂ%r Quirfdter €
addi tional |ayers nmay be present (i) on and/or in contact with tubular

proj ect i o¥? dragingepBddiand iyodealthioke didaven] waﬁams hgdeha peonio atchtgtral
fS:JP:E agf, iyaolrtll(%/ | Onrn%?r Sf)(ltl'luggltg)%{ Etl Iﬁg r%ra‘i);ocatl(?n gft 1n F@ﬁlf I l %‘%‘f %n e %

ection

ends ext endh@@:sb“ﬁinopbihhpg SEFANIP TEDOE oSter M@ee @9 ofﬁﬁhﬁglhﬂtmtth@dﬁoyepl anar
filmportion_(for exanple, second projection ends), (iri) on and/or in

contact wiesHiteH@IIBRSHENHEIUSPS BhRle rdevstonyighia ﬁlﬁsmah@q atiudats) whigh film
portion %?%1;%%0?4 t%wa%&ﬂgldsu%beoés H&Bﬂ&eémmﬁigt‘é)sszg?\ *hhéér}beﬁ%ﬁ $d e o7 (V)

both (i) he acous i C conposl & imvention can be
di sposed ane@ovandne iﬂa@céswllgn $i) fafh@beedtendétgf intesorahwagh k yubdtatielie pleaentilm he

t be I f | e,
on- vover e e gl G Sobbe oS RID Hy/pr Belpyyhcsbia fon ¢ he
frequenc?mwﬁn BrtidA &%&1{&% eaﬁe&h% BE, (ﬁgrﬁnﬁﬁé LGeind cdiplbiely thZRh the

I ncr easi t he c vity depth, for exa shifts the frequency Curve for
absorpti csnb$tmtiadiwanfar o enmoasof ,mdltnn geimedaad 32,t((hoagbcontipeojdgpmtendf t he

cavity wldol 3aas lsom Attt R STLHS, Rehl A, Sh0ut oS K0, lhes
32, or (v) any cornblnatlon of (i) to (iv).

At about point Pc, molten extrudate 32 and tubular projections 12 formed therein
are substantially hardened. As molten extrudate 32 with tubular projections 12 therein
moves along outer surface 39 of tooling roll 34, outer surface 36 of substantially hardened
molten extrudate 32 comes into contact with outer surface 40 of take-off roll 33 rotating in
a direction as noted by arrow As. At point Py, substantially hardened molten extrudate 32
separates from outer surface 39 of tooling roll 34 and proceeds in a direction as noted by
arrow A4 along outer surface 40 of take-off roll 33 resulting in structured film 37 having
tubular projections 12 therein.

The disclosed exemplary methods of making structured films of the present
invention may be used to form structured films comprising any of the above-mentioned
polymeric materials and optional additives. Typically, the thermoforming method step
involves melt extruding a film-forming thermoformable material at a melt extrusion

temperature ranging from about 120°C to about 370°C.
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The acoustic conposite can be di sposed near the reflecting surface in a
nunber of ways. For exanple, the acoustic conposite can be attached to a

st ruct ur evotlzoet3r4s6l udes the refl ecting surface. |n thi Craseqos2acousti c
conposite can be attached on its edges and/or its interior. The acoustic
conposite can also be hung, simlar to a drape, froma structure near the
reflecting surface. A spacing structure (for_exanple, a honeyconb

structure) canllselisslossdmatdnesmaking stvetusad fms ohpissireenhmgcRtig G@af | ect i ng
surface. f rface of an
oo omon 1t USSP RSP RE R Sr Ayt F
surface) exam‘pm in @Te e&emblamg c@bodimeu, ket digslosad matishels,arcocaptbie of pkﬂucﬁge

reflectin surface could al so be a met e or. a backing film For
some appl ST M eiPrete At Rev Saein o L%ﬁkbaf%m@ﬂaﬂﬂlwe@&r@é‘fﬂon hole

appl i catiyg ht& ﬁg;&ﬁ&ﬁ'ﬁ&b%&%%ﬁ& &§f QQ&SPQOO% Vi JRAHRS R la a layered
construct ising a layer of carpet he acoustic co |te and a
non- wove renhtwyl&nentprtlﬁ disclbied, metthmismeambbmf ptmyaemgcstmpmresiéﬁns hfdwde;ln ¢f or
exanpl e, rous. materia made.f .om fabric .scraps,or redded ra . The

| ayer ed it PRI on esoy i brpisel IRBEYF 8@ Y CTHAIO fead8S B eHof At )

plate is @iméiBtQHH AF aPRist aBdut BNE 2R hORREM hes: I%H&hléh@ﬁ/er ed constructions
provi de good acoustic perfornance in arelatively 1ight weight system

The acoustic cfomh@ts|tlneeeﬂoll(1tart@|pwscteem@lamnlwahmsngst@méﬂlamtﬁ poreosi t es) of
the i nvemllpws for rli)a IS wel ﬂtt hi h%ar?é a%%nl[an% Onrl]%ve eénsaroe .

particul arly u¥e PYYF r? ‘X%g 5p| fi Sudh 'ad Gound s sr bi ng and
sound bardppRéati@ppl Ades tonsis vbeﬁglﬁrfer ¥ effdtarcy figmboti®adsen@int@itioadisef usi ng
t he acoustic conposite conprises a nethod for providing acoustic absorption

and t r ansifAnslates itp daskcriraw apptefiadnusagp andloyor RenHReRsae co¥pr T8edisdassdoundi ng
at |east 3.p0§!dOB, %Blet RSt Vgitd;h g&@ﬁg%ﬁ;‘r&n%ﬂé&% ?n ofttﬂggfbmé?nt' on.
1 ae ou

The acoustic conpo can pro mor e i c absorption
for freq qﬁajei:mmSman@a pg)JédtlomhahdurtgtﬁﬁOadﬁZag(emlef@m t)h;ckfnmmmboﬂit 1480 Hz;

nore pref rabH/ from about Hz; nost, prefer from about 100 Hz) to
about 40 FhendRsREice 8 ‘rﬂf‘é’éﬁ forssiiog ol a]ﬁP i BVAR gortion

transm S%hfaﬁnés%a%mrmg |dag 4bbOB: 2R tin %ﬁ&&%aﬁ&aﬁs §g oggut)ﬁ holcEYHRRET €S
rangi ng from about 500 Hz (preferably, from about ; nore preferably

from aboWemgé)ﬁHn'portmthmkedsembmf at faastmababolft:1 d0ightr) t o about 4000 Hz.

I n sone enbodi |re ar be surrounded. by the acoustic
compost t o al oregsge i of B et O mars hEr Sran MRy ar Lo as

descri begyrafi@¥@ubular projediihis ThGRg Afpr&UEtioRUBItRT., A8 dadcEiBed b ve OFBF | se

posi tioning the acoustic conposite over at east a portion of the arca. In

sone embodrmple 8 suitable oghngmar cogpyseppvealite ohlesia ap@sltetf |swrrﬁ¢q¢g>f thee
acoustic tS&gPO%v'hE{%n%’{he%8lEg%§{;%1§n %Ye%ar%%%oq hh"f‘e d%p%?g%lfpa r t ' (g%@e area.

The surroun er comprise |ng

acoust i ¢ midIPaiice cAbodiBTER6S b mta&)yéﬁoenmg Mag csmpﬁﬁer asles ha/é@ ¥in @fferhﬁ@
above-descri bed attachnment neth sed to attach the acoustic

conposi t odingchipenth éfﬁf%ltaé’ﬁi“t%? %Mgﬁ &/}éﬂnﬂﬂ@s%bpa%o it Bhpd). s0H8t r at es may
| ud | Lyi
i ncl ude, &Hérew ! 8ﬂl?ént§ 'aﬂlagi&g%ettgoh H‘@ig dﬁ%L o?ﬁl?) 8P 7 fﬁ’m‘i% 4{5‘@ gw | di ng,

building, a b teria or cel
a netal salbeeitlSmrgl(%&nﬁh)bstrate a door a w ndow a vehi cI e conponent, a

Ty OO e AT Ao 696 2 SRR R PR3 R
hole cross-sectional shapes so as to form tubular projections having a desired cross-
sectional shape. Suitable hole cross-sectional shapes include, but are not limited to, a
circle, an oval, a polygon, a square, a triangle, a hexagon, a multi-lobed shape, or any
combination thereof.
In addition, suitable toolings may have any desired density of holes along an outer

surface of the tooling (for example, in outer surface 59 of tooling roll 54). For example, a
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I n other enbodi ments of the present invention, a nethod of using the
acoustic conposite conprises a nethod for providing acoustic absorption and
t ransm sswonotwssse6bet ween a sound- generati ng obj ect an@CanSasoom428eh t hi s
exenpl ary nethod, the nmethod may conprise providing an acoustic conposite
bet ween the sound-generating object and the area. The acoustic conposite
can provide about 50 % or nore acoustic absorption for frg&uencies rangi ng

f r om aboupolsmompy hipysradiade density of ppfa sl 0UWdleyem’ afioutes seiegeapeaoffthom
about 25Q e %ﬁcaﬂgﬁtfhg 'Ec%%% ’ha§ Egme%gﬂﬁért%gg{lg?ﬁn{ @ooﬁp Wh?léggrgz - The

acoustic conposi‘te c al'so provi dée ‘acou smssion 0SS ranging from
about 3 diBotito3(imiks/ @Y dBufekufficequensditistootingi ng from about 500 Hz

(preferably, from about 400 Hz; re preferably fromabout 250 Hz, nost
preferably, fridifaspeiic copposis of Q*Deda&%wa@e@lpm&e. acoustic barrpgfematerial. The

sound- gengpak inSLriaTRYi 0 b&kbtiddidto @ tRIuSRY I deludi ng,
but not Irh?ﬁﬁtggﬁ}t‘[g& a é\}%a!r’]r?%lltg ﬁg‘t@%ﬁrc?@é&’g%g%%% oof %awc?neru%gn ae[)hﬁlildance

not or or abtohepvidevinogasdriposassiondesse iesimoembodevinceths flol msistavet el evi si on,
an aninal, . etc. The.area in eithe f the above e | ar t hods of
si ng. an ‘B8 b el ReaRGr mata™ hotkeioal iy Re8HaTal Batidheffith sound
is to be r_ﬁeli}_@%d?ﬁ@e@lﬁ/s@ﬁle reﬁfbbﬂir&én@é? abd QM barkiet ﬁaﬁieﬁa?ﬂ’s BapddmYy bbﬂpﬂlhﬁ%, bU_t
arc not limted to, an interior of a room an interior of or other |ocation

i n a vehisotfecesaf hecldev ofsistiae hubsarie; Asrnsappericanthe;tern spdedit mclidemd r educed

area of afo0idi &8 Qb ARMPLELA Rl GRS 8N LSART Al DRl o FRLAGNS! T on
area; the |Ir1113er|odi' GF AR S EET e o0t (%nce?'t ]H)ainlg; an echoi c, SNals/ti cal or

exper i menhahcduedmaticChatiel o Wesudstsaenth yhed shidirdeits ithesdoaktic Barberear muf f s
or car covering for _isol at i_n%@?nd/ or protecting ears from noise, The
acoust i c TeyapYds diskibgtedrpighip thestaw rosiptisp subsifated thahisshe geoustie aisr 5

resistiv rare layer -4hnya carpet system In this enbodi nent, one or

nor e Iay:[}lgg{){%lggg?lhg %reghg%'t ached to each side of the acoustic conposite
to form a | amAatuetic ER(AMRWESrials for uslin thetasowstid cantyasitca @€ thedfivdnlibs havivent i on

arc further i)lustrated the foll ow ng exanpl es,. but the, particular
mat er i al §* SHADAREANE e ARSI PRCi PR heS thé&awtés%/cra% REF | as ot her
condi ti ong.RABAGLAL! fan SHAHL/ARY). BRISNPIISNEIbiBctRetNIsihdide, FH S

i nvention.
example, metals, metal alloys, metal oxides, glass, silicates, minerals, sulfides, clay,

bitumen, calcium carbonate, barium sulfate, loaded polymers, and the like.

The acoustic barrier material can be in any useful form. For example, the acoustic
barrier can a particle, granule, or bead. In acoustic composites in which the acoustic
barrier material is on the surface of the flow resistive substrate, the acoustic barrier
material can also, for example, be a continuous layer of mass comprising holes (that is, a
“contiguous layer”) such as a metal foil comprising holes. Preferably, the acoustic barrier
material is selected from the group consisting of metal particles, glass particles, and
combinations thereof; more preferably, the acoustic barrier is a steel particle or a glass
particle.

In one embodiment of the invention, the acoustic barrier material is a layer
comprising a polymer such as, for example, ethylene propylene diene M-class rubber
(EPDM), ethylene vinyl acetate (EVA), or olefin-based polymers filled with particles
having a higher density than the polymer. Suitable filler particles can comprise any of the
materials described above as suitable acoustic barrier materials. The filler particles have a

density in greater than about 1 g/cm’ (preferably, greater than about 2 g/cm’; more
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Exanples 1 and 2: Mcro-Perforated Filmw th SS Beads (Exanple 1) or d ass
Beads (Exanple 2) WMaterials: |. Mcro-perforated filmwth a thickness
of 20 m IwQap03Bs6mm) wit h punched hol es havi ng an averagasdéoametses of 5
ml (or 0.13 nmm frommcro-perforation (780 holes/inch3 (121 hol es/cnB))
was nede essentially as described in U S. Patent No. 6,617,002 (Wod).

2. Epoxy resin (Scotch-Weld, DP 100 Fast Cure, avail able from 3M Conpany
(St. PaulPreiurabhe gty fhapgibert heiemphdikamplespf paefaded filer martiqlesrinclgda ni es's

steel beadg,, i %%Fsﬁﬁg Harilhd sugt%{e gn(??tﬁg)rglngi‘a‘fli-%%elag)%ﬁ?cl?ﬁz'gﬂ Ligéf%q %reoa_Ze‘?h hol e

4. Stainless st screen W ness o
di anet er tharb@onm ghot’e The rishdity of4hdypdlghswith the ﬁller@artﬁlmh@@@caﬂplfment gr ade

about 0.15 Ib/ft’ to about 1.5 Ib/ft’.

An acoustic barrier material layer (including, but not limited to, polymeric acoustic
barrier material layers containing filler particles) can comprise holes or perforations. The
holes or perforations can be in any shape but are preferably relatively circular in shape.
Preferably, they have a diameter from about 3 mm to about 20 mm and are about 10 to
about 300 times larger in diameter than the planar microperforated film described above.
The porosity, or percent open area, of this acoustic barrier material layer typically ranges
from about 10% to about 60%. By adding holes or perforations to the acoustic barrier
material layer, its basis weight can be reduced, for example, by about 10% to about 50%.

Acoustic composites known as a “leaky barrier” can be made by bonding (for
example, laminating) the above-described acoustic barrier material layer comprising holes
or perforations to a flow resistive substrate. By varying the porosity of the acoustic barrier
material layer, the overall porosity of the acoustic composite can be varied. The porosity
of the acoustic composite is therefore a function of the porosity of the acoustic barrier
material layer multiplied by the porosity of the flow resistive substrate. Preferably, the
porosity of the leaky barrier acoustic composite is about 0.06% to about 50% (more
preferably, about 0.06% to about 30%; even more preferably, about 0.06% to about 10%).

When designing an acoustic composite for a particular application, one of skill in
the art can choose appropriate acoustic barrier materials using known principles of Mass
Law.

The acoustic barrier material can be bonded to the flow resistive substrate using
any suitable binder. Examples of suitable binders include thermoplastic resins such as
ethylene/acrylic acid copolymer, polyethylene, and poly(ethylmethylacrylic) acid; acrylic
pressure-sensitive adhesives which cure to a nontacky state; and thermosetting binders
which have a tacky state such as epoxy resins, phenolics, and polyurethanes. Preferably,
the binder is an epoxy binder.

The binder is typically prepared from a curable binder precursor. The curable
binder precursor can comprise organic thermosetting and/or thermoplastic material,

although this is not a requirement. Preferably, the binder precursor is capable of being
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Pr ocedure: M croperforated filmas a substrate was primed with 1%

sol ution of epoxy resin (Scotch-Wld DP 100) solution in acetone. Then the
filmwas woizee/@r46600m t enperature in the air vented hoedTfuseoodolsas s. The
primed film17 8 cm (7 inches) by 17.8 cm (7 inches) was laid on a flat
surface, then covered by the netal screen, which was nold rel ease treated
(Rocket Rel ease, E302, Stoner, Inc. (Quarryville, PA)). An ef)oxy resin

m xt ure vrgHhgdmgog chgey AT thetmal sacreyo Sguises eftrafligties enagwwiclude glestrenr 80 g
of gl ass | 3 | . y=Yelo) b ' f 1 ¥ t he
resl 11 ng e HuAVEER iRl QP RRNEG R 1, LN AL UL LRSS
renoved usiliagd apbseatbampieator hanedutdlizzedy after the m xture was poured, the

metal screen was _repoved fromthe supstrate. Th il mw th netal [ epoxy
printed on was ¥t OéﬁP’é%IC‘éFPQIF%}ﬁ%f B%@@%rtsalﬂfiugeoform@alespbf@fbh?e any

further i r ' j j i's shown
i FlG TSROl Rler R BB B Fo RATROSH, Bo Rt ATRhe add ! 2 o

St eel beaustirestbdreoileUsgftl tgmperatut §8@igiaithermoactphe bindeaprdcutsorResilstei ve
Vet or 1 ai dormaldqh s GEBEaEs M DO SRR 35 5000 SR HTOBRE Spunbond
0 & o Sk iy o, A, g g i
unsaturated polyester resins; vinyl ester resins; alkyl resins, allyl resins; furan resins;
epoxies; polyurethanes; cyanate esters; and polyimides. Useful binder precursors that are
capable of being cured by radiation energy include acrylated urethanes, acrylated epoxies,
ethylenically unsaturated compounds, aminoplast derivatives having pendant acrylate
groups, isocyanate derivatives having at least one pendant acrylate group, vinyl ethers,
epoxy resins, and combinations thereof.

Useful thermoplastic curable binder precursors include polyolefin resins such as
polyethylene and polypropylene; polyester and copolyester resins; vinyl resins such as
polyvinylchloride and vinyl chloride-vinyl acetate copolymers; polyvinyl butyral;
cellulose acetate; acrylic resins including polyacrylic and acrylic copolymers such as
acrylonitrile-styrene copolymers; and polyamides, co-polyamides, and combinations
thereof

The acoustic barrier material can be mixed with a binder (or binder precursor) and
then added to a surface of the flow resistive substrate. Alternatively, a binder (or binder
precursor) can first be coated onto the flow resistive substrate and then the acoustic
material can be added to the coated substrate. In either case, the binder can be patterned in
any desired pattern (for example, a dot or stripe pattern). A pattern can be obtained, for
example, by applying the binder (or binder precursor) through stencil holes or a screen.
Binder (or binder precursor) can also be coated onto the flow resistive substrate using
rotary screen printing, roll coating, die coating, mechanical placement of agglomerates, or
by any means known in the art. Typically, the acoustic barrier material and the binder
together cover between about 20 % and about 99.98 % of the major surface of the flow

resistive substrate (preferably between about 20% and about 99.5%)).
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3. Beads, as filler: Stainless steel beads, dianmeter 8 ml (or 0.2 nm,

gl ass beads: 3 ml| (or 0.075 nm. 4. Stainless steel screen with the
t hi cknesswof208@3mek (0. 76 mv), with hole dianeter 1.63 mou/usedos/osmsnsity 74
hol e/ sq i n. Procedure: Resi stive scrimsanples 17.8 cm (7 inches) by

17.8 cm (7 inches) were laid on a flat surface, then covered by the netal
screen, which was nold rel ease treated quOCket Rel ease, E302). An epoxy
resin nixtur e lemperimenisingvhigls thejageutis harricn grageris 1Ss<¥1$ﬂ1h‘{lté@ withinedP beads

(or 80 g fﬁcfw ARES Bgoggét)e ﬁ!@fe@lmg@%h@f@ &ﬁ b gfg“t?ﬁéc&r}lgﬁ pa&& Gl e}ﬁaﬁ%%[]

m Xi ng resul t oure screen an

extra waxxtmdmedemdsdretgaml/wraqsed TlhermretHbabéUyS Phateat Noh4 486,200 (Hecyenst
poured, the rretal screen s. renoved from.the, strate e filmwth
met al | epdiky CHt 1l BeussH T0@aking prAIE GEEROSKES P F&w&t%am@rfwedzwmurs

before a g t [ 2
St eel beggeshg&ltsrgﬁgtwg i ISd%égzri‘lgﬂne a@ﬁ%% ngﬁﬁgﬁgﬁ?m%elg%tgg ty}ﬁ@dlgrrlgz%ér 19 orated

Fi | m Lam poadsetst hMdenEBW (RMIBrand bowrS0h §preferably, betwedu abpot- P4 axdat ed Fi | m
L1 U CiTcen BT S8 LA, ol o D an, eyl L aTELe] 010 m
E)Et hyl ene,cBiRR¥oapesitd H8 fﬁ@ﬁi@ﬁ’%ﬁ‘boﬂh‘iﬁ@%&roﬁh’i 6‘f the (HUKEHNRSS rQfstide duv¥a@nd a
asi s wei ght of approxi mately 4200 -43
and the coverage of the binder and acoustic bamer material.
One of skill in the art will appreciate that a number of variables must be considered
when designing an acoustic composite or acoustic composite system. Key variables that
can affect acoustic absorption and transmission loss include the mass of the acoustic film
and the resistive flow of the perforated film. The resistive flow or porosity of the film has
the greatest effect on the absorption characteristics of an acoustic system. The mass of the
system has the greatest effect on the transmission loss. In general as the hole
diameters/porosity increases (and thereby the resistive flow decreases), the absorption
curve will shift to higher frequency absorption and broaden in the frequency range. As the
hole diameters/ porosity decreases (and thereby the resistive flow increases), the
absorption curve will shift to lower frequencies and a narrower range in frequency
absorption. Transmission loss is directly affected by Mass Law. Transmission loss
increases as the mass of the film increases. Mass will also affect the absorption by shifting
the absorption curve to lower frequencies when the mass of the system is increased.
The materials selected when designing an acoustic composite or acoustic
composite system can also affect non-acoustic properties. Depending upon the materials
chosen, the acoustic composites of the invention can provide one or more of the following
properties: radio frequency, heat transfer, heat reflection, conductivity (electrical, thermo,
or light), non-conductivity (electrical, thermo, or light), electromagnetic waves, light
reflection or transmission, flame retardance, flexibility, or stretchablity.
The acoustic composites of the invention can comprise one or more optional
layers. Suitable additional layers include, but are not limited to, a fabric layer (for
example, woven, non-woven, and knitted fabrics); a paper layer; a color-containing layer

(for example, a print layer); a sub-micron fiber layer such as those disclosed in U.S. Patent
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3. Pressure sensitive spray adhesive, 3MIm Super 77TM or 3M Hi -Strength 90.
4. Stainless Steel Sheets (0.305 mx 0.610 mx 0.006 m) WO

2009/ 137486RA/ 1358609/ 042824 5. Steel Bl ock Wi ghts (9. @CTRisRoR0@SedUr €:

A 120 mm di aneter circle was cut fromthe EPDM rubber sheet and also from
the Mrco-Perforated Film Then 12.7 mmfor Ex. 5 (19.05mmfor Ex. 6, 6.35
mmfor Ex. 7) dianmeter holes were punched out of the EPDM sheet using a

st eel r ulApriicationTeriah Nebed/ 738,23 | feamy: dengedofinasislasz foiblagersf fmsgdecosative hol es

conter ani iy iRt e pBm i 5oy A SRR AF AL, bR i O e
The res ulrmmbrap@sr &Szletsy oki@bsiExentbraas, a@pmoingaineshy warifg ¥ad flibegrreswdrks;ng

porosity for exanple 6 v% approximately 0.08% The resulting porosity for
exanpl e PIRS 9% thfgedl y 0.06% Then the EPDM circle with hol es was

sprayed with tj adhe f m was
pl aced on top g? ntﬁ)ﬁgﬁ%ﬁlu\/l rE%%ﬁus%ggﬁ%ltﬁ%%hg}@e%é@ﬁgrﬁ@%ﬂ%|qdnv%} and EPDM

rubber wirthstpreesbsirate semmisks twbubd hegeorienwdke odverr moraedditibeidlleens tap be
cLainl ess SLepl SOeL S Nen, MRLANL (appros IEtel 9,07 k) g plsced on
M cr o- PerhgbabefhcEbf thelsabitiafalyl puinbhfilhap&tioNVor BlcisBlustured film (for example,

first projection ends), (ii) on and/or in contact with tubular projection ends extending

below the second major surface of the substantially planar film portion (for example,

second projection ends), (ii1) on and/or in contact with the second major surface of the

substantially planar film portion (for example, second major surface), (iv) both (i) and (i1),

or (v) both (1) and (iii).

The acoustic composites of the invention can be disposed near a reflecting surface
to define a cavity therebetween. The cavity can be purely an air gap or it can comprise,
for example, a non-woven material. The depth of the cavity will typically depend upon
the frequency range in which the acoustic composite will be utilized. Increasing the cavity
depth, for example, shifts the frequency curve for absorption to lower frequencies., In
general, though, the depth of the cavity will range from about 0.3 cm (1/8 inch) to about
15 cm (6 inches) (preferably, about 0.3 cm (1/8 inch) to about 2.5 cm (1 inch)).

The acoustic composite can be disposed near the reflecting surface in a number of
ways. For example, the acoustic composite can be attached to a structure which includes
the reflecting surface. In this case, the acoustic composite can be attached on its edges
and/or its interior. The acoustic composite can also be hung, similar to a drape, from a
structure near the reflecting surface. A spacing structure (for example, a honeycomb
structure) can be placed between the acoustic composite and the reflecting surface.

The reflecting surface can be for example, a surface of an automobile (for example,
an automobile hood, dashboard, or underbelly surface), a wall or ceiling or a building, a
window, or the like. The reflecting surface could also be a metal plate or a backing film.

For some applications such as, for example, automotive under carpet applications,
the acoustic composite can be provided as part of a layered construction comprising a

layer of carpet, the acoustic composite, and a non-woven layer. Preferably, the non-woven
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1. Mcro-Perforated Filmw th thickness of 0.51 mmw th hol es having an
average dianeter of 0.13 mmnade as described in U S. Patent No.
6, 617, 002¥0 2009/137468. Box seal ing tape wi th pressure sen®CTiUse0dssd ve on

one side, 3Mm Scotchrm 355. Procedure: A 120 nm di aneter circle was
cut fromthe Mrco-Perforated Film Then approximately 3-4 sheets of the
box sealing tape was applied on the Mcro-Perforated Filmto cover a

maj or ity laferca@pipesshodest (forraxeplo-fibraus msderiad pyade fiopatabrig sgepsawg e of t he

area was S?Pe\ﬁﬂ%(g%rg&)-rhﬁeﬁ%fe?é&é&sﬁ:ﬁ%?ogl;%}{?ur%ﬂeg%o*@ﬁ&&%@%@igﬁg@i@J?én fupe

M cro-Perfora 'Im's ace. roxi mat e orosity was pl aced
t owar ds trhealggate ey arointdge panioé thsitordilcmBudh tayetedrconstruetiensaproaide foodist i €
Testing . Acoustic absorption tests were conducted on the sanples of
Exanpl es 2FOUsti§ PSHATBHICE ik sl i@ty 574 and resi stive scrim sanpl es

Wi thout acoustyif alEQﬁsrtlic_%ronﬁ%gi%é:(QﬂGdzs( 5 MREb AN, FXARIES cbmﬁ&@te%of éﬁ%i’r uel &

Kj aer (Norcross, (eorgia) M | npedance tube tester usi nmm
squar e t ubecntvas car b¢ ieddn a Vestty ofep@icationp&heyA8T vabeolanfgniseb@85. | npedance
Tube test re%ul ts Er e showTl i n quG%ﬁS_ .10, Var i OLII%. @di f ':[cat I ons and
al t er at i GEUTIELARPECHIODRHNGH it AbsRPaHE WBURL R TIPL RINGR ST PR i n t he
art W t hQubm@RPREMbOAmchO M diito SEARM ARE a&Rstid EorPhosttBcSmpAKERth@Rod fdr
shoul d be understood that this invention is not intended to be unduly

limited hyovidegiacoupsicahsdrpieorsansdtinmaissiondoss ieranpskewheren thomethoder ei n and
t hat such,_exanpl e I.ment.s arﬁhgresenthed e e only
d

wth & ho CORRReRTERRRn R JERH TRl Gug 8 S vl ey TEITHE C'al e
set fort Hnh@itiehNTas aqlsli®@¥emposite can provide about 50 % or more acoustic absorption

for frequencies ranging from about 500 Hz (preferably, from about 400 Hz; more

preferably from about 250 Hz; most preferably, from about 100 Hz) to about 4000 Hz.

The acoustic composite can also provide acoustic transmission loss ranging from about 3

dB to about 30 dB for frequencies ranging from about 500 Hz (preferably, from about 400

Hz; more preferably from about 250 Hz; most preferably, from about 100 Hz) to about

4000 Hz.

In some embodiments, an entire area may be surrounded by the acoustic composite
alone or in combination with one or more optional layers as described above.

The step of surrounding an area may comprise positioning the acoustic composite
over at least a portion of the area. In some embodiments, the surrounding step may
comprise positioning the acoustic composite or composite system over at least a portion of
the area. The surrounding step may further comprise the step of attaching the acoustic
composite or composite system to a substrate. Any of the above-described attachment
methods may be used to attach the acoustic composite or composite system to a given
substrate. Suitable substrates may include, but are not limited to, a wall of a building, a
ceiling of a building, a building material for forming a wall or ceiling of a building, a
metal sheet, a glass substrate, a door, a window, a vehicle component, a machinery
component, an electronic device (for example, printers, hard drives, etc.), or an appliance
component.

In other embodiments of the present invention, a method of using the acoustic

composite comprises a method for providing acoustic absorption and transmission loss
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W claim 1. An acoustic conposite conprising: a flow
resistive substrate having a solid acoustic barrier material bonded to at
| east a pwotzbevidoféea maj or surface of the flow resistivecsuoissemaizs24 wher ei n
the acoustic barrier material has a density greater than about 1 g/cnB8 and
the acoustic conposite has a porosity between about 0.002% and about 50%
2. An acoustic conposite conpri si a flow resistive substrate

si ng: -

havi ng a bsbveaa aa@%‘é‘gfﬂ@r@i&}grqté?ﬁﬁﬁf? &t prgp. Bothirerremplagy methwd thg npshad on of a
maj or sur - Jr | St tr ' hi : LA the
acoustic %%fﬁog?grlr%{b g?{lg@gﬁggég&g&eggr@é&%rbga %P%%%ﬁlﬁ%%gﬁ%gﬁn%%%%{é@d

wher ei n ttheatear Theacoastk tdepdsita dar ploogetabeiit e nlvet warRti@binotptidd Yoand
about 99.998% of the ' surface. 3. The acggst i c conposite of

] or
clai m 2, HHEPRIT RRgnEHCREI O%he0 He (Pivehly-iye bR A€ Vs meEt RSk Mbout 20%
and aboutg R, 5360k 0 HIE BRI FerepdHiy, Bstn about 100 HE) tolibouPeEssL CTEOIBRAS I € of

any preceding claim wherein the flow resistive substrate conprises a
non- wov ercoorpositatanrabjpeprboida tewlsfic tramsmission losSranging faooalsdut 3 dBotopbsit e of

(r:n! glr gn pg’r f%pﬁ g’:ﬁr}?eh}q%ﬁci%%grhgg ﬁé}n;a g}lﬁm i % ﬁ}rgffs}%}irﬁ%%gl?% g(ﬁq BAs™o%her ei n
the m cr QRefefHIRLbRANDoRETD HNA Vg sepRETANIVESEm AbSirBIeHZ) @S gbduiatod Ae. film
t hi ckness and a w dest dianeter greater than the narrowest dianeter.
The sound-generating object may be any object that generates sound including,
but not limited to, a vehicle motor, a piece of machinery, an appliance motor or other
moving component, an electronic device such as a television, an animal, etc.
The area in either of the above exemplary methods of using an acoustic composite
of the invention may be any area in which sound is to be absorbed and/or restricted from.
Suitable areas may include, but are not limited to, an interior of a room; an interior of or
other location in a vehicle; a piece of machinery; an appliance; a separate sound reduced
arca of an office or industrial area; a sound recording or reproduction area; the interior of a
theatre or concert hall; an anechoic, analytical or experimental room or chamber where
sound would be detrimental; and earmuffs or ear covering for isolating and/or protecting
ears from noise.
The acoustic composites of the present invention may also be used as a resistive

membrane layer in a carpet system. In this embodiment, one or more layers of fabric are

attached to each side of the acoustic composite to form a laminate.

EXAMPLES
Objects and advantages of this invention are further illustrated by the following
examples, but the particular materials and amounts thereof recited in these examples, as well

as other conditions and details, should not be construed to unduly limit this invention.
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6. The acoustic conposite of claim4, wherein the flow resistive substrate

Is a mcroperforated fil mconprising: a substantially pl anar
film portworotvamsi4eg a first nmajor surface, a second nmaj eCTAsd@OEs2and an
average filmportion thickness; and a plurality of tubular

projections extending fromthe substantially planar filmportion, wherein
one or nore tubular pro ectlons conpnlse a hoLe 7. The acoustlc conposite

a hole(agégﬂgﬁgqpéﬁ@raflrst prOJectlon end above the flrst najor surface
into or t bstantially planar filmportion, (i) a
proj ect i Mlawiridssal | surroundlng at least a portlon of the hole, the

proj ection |demall avi an _outer projection s wal | surfa i nner
proj ection M&x&ww ewghaﬂed&eéf%‘g Qeﬁ(gﬁééigrm)wﬁhe kit holin

having an average diameter of 5 mil (or 0.13 mm) from micro-perforation (780 holes/inch’
(121 holes/cm’)) was made essentially as described in U.S. Patent No. 6,617,002 (Wood).
2. Epoxy resin (Scotch-Weld, DP 100 Fast Cure, available from 3M Company (St.

Paul, Minnesota)) 50 cc per pack

3. Beads, as filler: Stainless steel beads, diameter: 8 mil (or 0.2 mm), glass beads: 3
mil (or 0.075 mm).

4. Stainless steel screen with the thickness of 30 mil (0.76 mm), with hole diameter
1.63 mm, hole density 74 hole/sq in.

5. Acetone, solvent grade

Procedure:

Microperforated film as a substrate was primed with 1% solution of epoxy resin
(Scotch-Weld DP 100) solution in acetone. Then the film was dried at room temperature
in the air vented hood for 4 hours. The primed film 17.8 cm (7 inches) by 17.8 cm (7
inches) was laid on a flat surface, then covered by the metal screen, which was mold
release treated (Rocket Release, E302, Stoner, Inc. (Quarryville, PA)). An epoxy resin
mixture weighing 18 g was mixed and 140 g of stainless steel beads (or 80 g of glass
beads) was mixed into the epoxy resin. Quickly after mixing, the resulting mixture was
poured over the metal screen and the extra was removed using a scraper. Immediately
after the mixture was poured, the metal screen was removed from the substrate. The film
with metal/epoxy printed on was further cured at room temperature for 2 hours before any
further processing. The resulting acoustic composite of Example 1 is shown in FIG. 4 at

5X magnification.

Glass beads based: Weight gain: 422 g/m’
Steel beads based: Weight gain: 1899 g/m’

-4 -



(i1i) a projection length extending a distance fromthe first projection
end to the first major surface, wherein a ratio of the projection length to
t he aver a0 200d13746rt i on t hi ckness is at | east about 3. BPCTRISTéG/08280uSt i C
conposite of claim6 wherein the substantially planar filmportion
conprises a thennofornmable material and one or nore of the tubul ar

projections conpri se. . .a hole extendlngfromaflrst
proj ect i GhaXadh plesspand 4¢ Re : ! , a wvdth B9 Beads (Bxampla 3) oi-Glass

subst ant igl |y (Elﬁﬂg ‘{;I | m port i on, (ii) a projection sidewall
surroundi portion of the hole, the projection sidewall
conpri si ngatdriald:her nof or mabl e material and having an outer projection

sidewal | surface, an innper projection_side II urf and a projection
si dewal |t hil CRPRe&@VeR s, polypropy enel%mﬂ/gylwg Py O%EOﬁr%ar@tef%n | engt h

ext endi ”%lgrkd'&&ﬁ&\f&?esié’té?{&hhﬁlfa {;St projection end to a second projection
end bel ow the second maj or surface. 9. The acoustic conposite of claim®6
wherein the2sEnbm¢yan$1né$doychpWahBDPf100rﬁqso€turea)ﬁ0copwpasbs a ther m)f or mabl e
mat er i al ang ﬁ\ha%r sr}ilﬁer étalnisess se%eg%ea S, Qlaglfetetr k%ermlu(gllrJ b arrm?ls Oglass

conpr | ses:
mil (or 0.075 mm).

4. Stainless steel screen with the thickness of 30 mil (0.76 mm), with hole diameter

1.63 mm, hole density 74 hole/sq in.

Procedure:

Resistive scrim samples 17.8 cm (7 inches) by 17.8 ¢cm (7 inches) were laid on a
flat surface, then covered by the metal screen, which was mold release treated (Rocket
Release, E302). An epoxy resin mixture weighing 18 g was mixed and 140 g of stainless
steel beads (or 80 g of glass beads) was mixed into the epoxy resin. Quickly after mixing,
the resulting mixture was poured over the metal screen and the extra was removed using a
scraper. Immediately after the mixture was poured, the metal screen was removed from
the substrate. The film with metal/epoxy printed on was further cured at room temperature

for 2 hours before any further processing.

Glass beads based: Weight gain: 791 g/m?
Steel beads based: Weight gain: 1793 g/m’

Examples 5 — 7: Micro-Perforated Film Laminated with EPDM Rubber

Materials:

1. Micro-Perforated Film with thickness of 0.51 mm with holes having an average
diameter of 0.13 mm made as described in U. S. Patent No. 6,617,002.

2. Sheet of EPDM (Ethylene Propylene Diene Monomer) rubber with a thickness
of 3.4 mm and a basis weight of approximately 4200 - 4300 g/m*

3. Pressure sensitive spray adhesive, 3M™ Super 77™ or 3M Hi-Strength 90.

4. Stainless Steel Sheets (0.305 m x 0.610 m x 0.006 m)

-25.-



a hole extending froma first projection end above the first major surface
into or through the substantially planar filmportion to a second

proj ect i omOoen@/13eleew t he substantially planar fil m portipom/yse@wiogispg an
opening through the structured film (ii)a projection sidewall surrounding
at least a portion of the hole, the projection sidewall conprising the

t hernof ormabl e material and having an outer projection sidewall surface,
an i nner projéb@ﬁ@hBEWBéMﬂghméﬁpV§éb, and a projection sidewall thickness,
and (iii)an end-to-end projection |ength extending a distance fromthe
first projection end to the second projection end. 10. The acoustic
conposi t ePrekedury: of clains 6-9, wherein the flow resistive

A 120 mm diameter circle was cut from the EPDM rubber sheet and also from the
Mirco-Perforated Film. Then 12.7 mm for Ex. 5 (19.05mm for Ex. 6, 6.35 mm for Ex. 7)
diameter holes were punched out of the EPDM sheet using a steel rule die. The number of
holes ranged from 12 holes for Ex. 5 (6 holes for Ex. 6, 40 holes for Ex.7) and were
symmetrically distributed around the center and within a 100 mm diameter area of the 120
mm EPDM rubber circle. The resulting porosity for Ex. 5 was approximately 0.07%. The
resulting porosity for example 6 was approximately 0.08%. The resulting porosity for
example 7 was approximately 0.06%. Then the EPDM circle with holes was sprayed with
the spray adhesive. Quickly, the micro-perforated film was placed on top of the EPDM
rubber layer. The micro-perforated film and EPDM rubber with pressure sensitive
adhesive was then placed between two stainless steel sheets then weight (approximately

9.07 kg) was placed on the top stainless steel sheet for more than 5 hours.

Example 8: Micro-Perforated Film Laminated with Tape

Materials:

1. Micro-Perforated Film with thickness of 0.51 mm with holes having an average
diameter of 0.13 mm made as described in U. S. Patent No. 6,617,002.

2. Box sealing tape with pressure sensitive adhesive on one side, 3M™ Scotch™

355.

Procedure:

A 120 mm diameter circle was cut from the Mirco-Perforated Film. Then
approximately 3-4 sheets of the box sealing tape was applied on the Micro-Perforated Film
to cover a majority of the Micro-Perforated Film area, approximately 99.998% of the arca
was covered. The pressure sensitive side was placed against the Micro-Perforated Film
surface. The approximately 0.002% porosity was placed towards the center of the

innermost 100 mm diameter circle area.
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substrate is liquid inperneable and vapor perneable. 11.The acoustic
conposite of any preceding claim wherein the acoustic barrier materi al
conpri seswpanwwslies sel ected fromthe group consisting eCTmsta@l/opmsesicles,
gl ass particles, and conbinations thereof 12.The acoustic conposite of any
preceding claim wherein the acoustic barrier material is bonded to the
flow resistive substrate with a di scontinuous coating of binder, optionally
wher ei n tAeoustigdesting an epoxy blnder 13. The acoustic conp05|te of any

precedi ng claiy, u%f“féb%bﬂaﬂfﬁﬁi%e acous d&%drdn%e & Q%Ei F}ﬂesCP”tS' AH S

| ayer conprisi'ng I C conp 05| receding clai m
wher ei n tthemagopstarated film and resistive scrim sarnples w1th0ut acoustlc bamer material

(Comparative Examples 1 and 2). A Bruel & Kjaer (Norcross, Georgia) Model 6205
impedance tube tester using a 64 mm square tube was utilized. Tests were run per ASTM

Document #5285. Impedance Tube test results are shown in FIGs 5 — 10.

Various modifications and alterations to this invention will become apparent to
those skilled in the art without departing from the scope and spirit of this invention. It
should be understood that this invention is not intended to be unduly limited by the
illustrative embodiments and examples set forth herein and that such examples and
embodiments are presented by way of example only with the scope of the invention

intended to be limited only by the claims set forth herein as follows.
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barrier material conprises filler particles. 15.The acoustic
conposite of any preceding claim further conprising one or nore

[ ayers conprising a woven or non-woven material or foam 16. An
acoustic conposite systemconprising: (a) a layer of carpet; (b) the
facoustic qQsite of any preceding claim and (c) a non-woven | ayer.
17. The ad@%gﬁH@ conposite system of claim 16, wherein the non-woven
| ayer

1. An acoustic composite comprising:
a flow resistive substrate having a solid acoustic barrier material bonded to
at least a portion of a major surface of the flow resistive substrate; wherein the acoustic
barrier material has a density greater than about 1 g/cm® and the acoustic composite has a

porosity between about 0.002% and about 50%.

2. An acoustic composite comprising:

a flow resistive substrate having a solid acoustic barrier material bonded to
at least a portion of a major surface of the flow resistive substrate with a binder; wherein
the acoustic barrier material has a density greater than about 1 g/cm® and wherein the
barrier and the binder together cover between about 20% and about 99.998% of the major

surface.

3. The acoustic composite of claim 2, wherein the barrier and the binder

together cover between about 20% and about 99.5% of the major surface.

4. The acoustic composite of any preceding claim, wherein the flow resistive

substrate comprises a non-woven or a microperforated film.

5. The acoustic composite of claim 4, wherein the flow resistive substrate is a
polymeric microperforated film comprising a plurality of microperforations, wherein the
microperforations each have a narrowest diameter less than the film thickness and a widest

diameter greater than the narrowest diameter.

6. The acoustic composite of claim 4, wherein the flow resistive substrate is a
microperforated film comprising:
a substantially planar film portion having a first major surface, a second
major surface, and an average film portion thickness; and
a plurality of tubular projections extending from the substantially planar

film portion, wherein one or more tubular projections comprise a hole.
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conprises shoddy or foam 18. The acoustic conposite system of any of
clainms 16-17 further conprising a netal plate. 19. An acoustic
conposite system conprising: (a) a reflecting surface; and (b) the
acoustic conposite of any of clains 1-18; wherein the
facoustic conposite is disposed near the reflecting surface such that
the acoustic cbnposftBeacoystiq FERasite atelaingosubareiaong ef meee of thawbular

ther ebet Weehctions comprise:

i) a hole extending from a first projection end above the first major
surface into or through the substantially planar film portion,

(i)  aprojection sidewall surrounding at least a portion of the hole, the
projection sidewall having an outer projection sidewall surface, an inner projection
sidewall surface, and a projection sidewall thickness, and

(ii)  a projection length extending a distance from the first projection
end to the first major surface, wherein a ratio of the projection length to the average film

portion thickness is at least about 3.5.

8. The acoustic composite of claim 6 wherein the substantially planar film
portion comprises a thermoformable material and one or more of the tubular projections
comprise:

® a hole extending from a first projection end above the first major
surface into or through the substantially planar film portion,

(i)  aprojection sidewall surrounding at least a portion of the hole, the
projection sidewall comprising the thermoformable material and having an outer
projection sidewall surface, an inner projection sidewall surface, and a projection sidewall
thickness, and

(1ii)  an end-to-end projection length extending a distance from the first

projection end to a second projection end below the second major surface.

9. The acoustic composite of claim 6 wherein the substantially planar film
portion comprises a thermoformable material and wherein at least a portion of the tubular
projections comprises:

(1) a hole extending from a first projection end above the first major
surface into or through the substantially planar film portion to a second projection end
below the substantially planar film portion providing an opening through the structured
film,

(i)  aprojection sidewall surrounding at least a portion of the hole, the

projection sidewall comprising the thermoformable material and having an outer
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20. The acoustic conposite systemof claim 19 further conprising a
spacing structure di sposed between the acoustic conposite and the
reflecting surface for spacing the acoustic conposite fromthe
surface. 21. The acoustic conposite systemof claim19 or claim 20,
‘wherein the reflecting surface is a surface of an autonobile or a
backi ng fRPiFctionsigemalhsustace; an inpsriseieetionssjdevath syrfaes, andn poojestio siderrpll
20, wherepfitbe reflecting surface is a backing film 23.A nethod for
provi di ng acoustic absorption and transm ssion loss in an area

conpri si ng surroundiily ain ¢relaetend ppoetticnricndth thendinga dibtdrdee &om the first
acoustic conpgsite or.an acoustic conposite system of any preceding
claim mh@P@FﬂOWﬁ?dtPrﬂéﬁﬁFéﬁE‘?B’@%ﬁﬁiegg from about 100 Hz to about
4000 Hz, the acoustic conposite provides acoustic transm ssion | oss
rangi ng fromabout 3 dB to about 30 dB, and at | east about 50%
acoust i ¢ absor @i onThe acoustic composite of any of claims 6-9, wherein the flow resistive

substrate is liquid impermeable and vapor permeable.

11.  The acoustic composite of any preceding claim, wherein the acoustic
barrier material comprises particles selected from the group consisting of metal particles,

glass particles, and combinations thereof.

12.  The acoustic composite of any preceding claim, wherein the acoustic
barrier material is bonded to the flow resistive substrate with a discontinuous coating of

binder, optionally wherein the binder is an epoxy binder.

13.  The acoustic composite of any preceding claim, wherein the acoustic

barrier material is a contiguous layer comprising holes.

14,  The acoustic composite of any preceding claim, wherein the acoustic

barrier material comprises filler particles.

15.  The acoustic composite of any preceding claim, further comprising one or

more layers comprising a woven or non-woven material or foam.

16.  An acoustic composite system comprising:
(a) a layer of carpet;
(b) the acoustic composite of any preceding claim; and

(c) a non-woven layer.

17. The acoustic composite system of claim 16, wherein the non-woven layer

comprises shoddy or foam.
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24. A net hod for providing acoustic absorption and transn ssion | oss
between a sound-generating object and an area conprising providing an
acoustic conposite or an acoustic conposite system of any precedi ng
cl ai m bet ween a sound-generating object and the area, wherein for
*frequenci es rangi ng fromabout 500 Hz to about 4000 Hz, the acoustic
conposi te provifdes Regqeustic coppasts ysiemrrliany of platy MylT fetheapouprisngs
to aboutrﬁgﬂgmﬂsand at | east about 50% acoustic absorption. 25.An
acoustic conposite conprising a flow resistive substrate conprising
solid acoustic barrier material distributed within the substrate;
wherein the acqustic barrier material has a.,density greater than

about 1 g/cnB Mnd tHE2COURliREIRPSERPELTR EORBESBE hor 0si ty bet ween about
0.002% and about 5Q%  a reflecting surface; and

(b) the acoustic composite of any of claims 1-18;
wherein the acoustic composite is disposed near the reflecting surface such

that the acoustic composite and the reflecting surface define a cavity therebetween.

20.  The acoustic composite system of claim 19 further comprising a spacing
structure disposed between the acoustic composite and the reflecting surface for spacing

the acoustic composite from the surface.

21.  The acoustic composite system of claim 19 or claim 20, wherein the

reflecting surface is a surface of an automobile or a backing film.

22.  The acoustic composite system of claim 19 or claim 20, wherein the

reflecting surface is a backing film.

23. A method for providing acoustic absorption and transmission loss in an
area comprising surrounding at least a portion of the area with an acoustic composite or an
acoustic composite system of any preceding claim, wherein for frequencies ranging from
about 100 Hz to about 4000 Hz, the acoustic composite provides acoustic transmission

loss ranging from about 3 dB to about 30 dB, and at least about 50% acoustic absorption.

24. A method for providing acoustic absorption and transmission loss between
a sound-generating object and an area comprising providing an acoustic composite or an
acoustic composite system of any preceding claim between a sound-generating object and
the area, wherein for frequencies ranging from about 500 Hz to about 4000 Hz, the
acoustic composite provides acoustic transmission loss ranging from about 3 dB to about

30 dB, and at least about 50% acoustic absorption.
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25.  Anacoustic composite comprising a flow resistive substrate comprising
solid acoustic barrier material distributed within the substrate; wherein the acoustic barrier
material has a density greater than about 1 g/cm® and the acoustic composite has a porosity
between about 0.002% and about 50%.
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