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METHOD FOR APPLICATION OF STRUCTURAL MATERIALS
CLARN OF PRIORITY
{é}ﬁ@} The present application claimy the beneft of the filing dates of WS Provisional

A&

Appiication Serigl No. 61347 067, hed May 21, 2010, which is hergby incorporated by

refarence for all purposes.
FiE L
fG02] The present teachings relates generally 1o a method of applying sctivatable material o

a member wharein the activatable material self-anchars by forming a mechanical interiock

with ong of more thiough-holes. The activalable malgrial may be employed for providing

adhesion; reinforcement, sealing; baffling, noise, vibration, andior harshness reduction; g

covipination theraot, or the ik

SACKGROUND

031 For many yvears, industry has been concemad with designing and providing activatable

materials for providing adhesion; baffiing, sealing; noise, vibration, and/or harshness
reduction reinforcement; the ke, or a combination thereof (0 articles of manufacture such as
agtomelive vehicles., RMore recently, § has becoma impontant 10 apply these maternals 11 &
condition that makes the matarials more adaptable to further processing or assembly of the
ariicies of manufacture. As an sxample, it may be dasirable o apply an activatable matsnial
activatable material is attached by interlocking with ong or more through-holes via forming the
shape of the activatable material 10 adapt o the shape of the through-holes so that the
activatable material holds dsell i place. I anothar example, the aclivatable materials may be
appiied 1o a first surface that includes fasteners and then the surface and the activatable
matarial are applisd to the arlicle of manutacturg, thus, reguinng mult ipte steps 80 that the
arlicie of manufacture is prepared for use.
0047 Some challenges faced by known materals are that the materials need 0 be pre-
shaped, include one or more mechanical fasteners, or some other adhesive so that the
materials arg held i place i the pre-activation siate.  Uther challenges faced by Known
matenals i hat the materialg reguire one or More processing steps before the malenals are
appiied o an articie of manufacture. For example, the material is first applied to a carier and
then the carrier and the material s appiied o tha article of manuiaciure.  in anather axampie,
the maienal must be shaped and/or formed before the material s affached o the article of
manufaciure, Some examples of matenials and application maethods of matenials may be found
i UG, Fatent Nos. 535883897 8311,457; 80820784 angd 7249415 and US. Fatent

Anphcation Nos  2006/0008618; 2008/0045888: 2008/0087333; and 2008/0023887, all of
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which are iﬁ{;@rp{}s‘@tﬁd by reference herain for all purpeses. Thersfore, it is gesirabie (o have
a matarial that is applied directly to an article of manufacture and the material self-anchors
tsalf to the arlicle of manufacture. Fatdhermore, i ix dasirabls {0 have 8 material that does
ol require any additional precessing slgps or components s that the malersal 18 attachada {0

e ariicie of manufaciure,

SUNMMARY

081 One possivle embodiment of the presant leachings nciudes: 8 matenal comprising: A
pre-activation siate, and the malernial in the pre-activation state nciudes, a viscosity and the
viscosity of the maternial s sufiicient g0 that a pressure of applving the matarial 8 snough 1o
move the material through one or more through-holes i an arlicle of manufacture, and the
matarial conforms (o the one or more through holes o selfanchor the maternal (@ the article of
manutaciure o resist puli-though. '

IB081  Another possible emibodimeant of the present {eachings includes: g method comprising:
giaming an article of manufacture that wicludes ong of morg through- holes; oblaming an
activalable malerial, and applying the aclivatable matenal o the arlicle of manuiaciure in a
cordinuous bead that spans between the one or more through-holes a0 that the activatable
atanal s forced through the one or more through-holes forming a mechanical nterlock
bebween the anlicle of manufaciure and the activatabis material

P07 The presant teachings contemplale an adhesive materal that may be attached 1o an

article of manufacture or a carrier in is glaff.?%d(.-m*di!(}ﬂ state without dﬁ‘f mechanical fasteners.
The adhaasive matenal, in s pre-getivation siate, conforms {0 the through-holes of the article
of manufacture or camer {e.g. 8 substrale, @ membar, or he ke so thal the adhasive
material seif-anchors and attaches to the arfdicle of manuiacture or the carmmier,

{0081 A muathod is provided for applyving an activatable material direclly 0 @ member for
ofoviding  adhesion,  baffling,  seslng, nolse, vibration, andfor harshhess  reduction;
reinforcement; the ike, or & combination thergot 0 the member. The member may be tormed
o have ong of morg through-holes for accepiing @ portion of the activalable malernal and
mainiainng the iocation of the activalable matertal on andior within ali or a porlion of the
member. The member may further require no treatment, coatings (... adhesives or the like),
or hasiing for improving the aghesion of the activalable matanal 10 the mamber, Acoarding o
the method the sclivatable maleral may be provided o an applicator. Typically, the
stiivatable matarial includes an epoxy rasin, atthough an epoxy resmt s not Necessardy

required, The activatable matenal may include a solid spoxy resin, & liquid epoxy rasin, or &

combination thergot. The agpplicator applies the aclivatable material (2.¢., as 3 baad) upon a
atiface of g member of an article of manudachire such as an aglomaotive vehicle,

3
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008 The present eachings provide a malerial that seffanchors 1o an article of manufaciure
s0 that the material resists puli-through.,  The matenal s apphed divectly 0 the anicle of
rrariifaciure without any additional mantfacturing steps andior anicles of manufacturs. The
matanal includes 8 viscosily that allows the malenial 10 be iorced though one or more
through-hole openings in an article of manwfacting so that the matenal 13 securely atlached 0
the articks of manufacture in its pre-gotivation state. The malernal 18 cured so thatl the malenal
activales alaching the arlicle of manufacture 10 another addicie of manuwiacture and

permanently sacurning the malerial {o the anicle of manufaciure via the through-hole opanings.

BRIEF DESCRIPTION OF THE DRAWING
0101 The features and inveniive aspecis of the present teachings will become more
apparent wpon raading the following detailad description, claims, and drawings, of which the
fohowing is & brief descniphion:
P4 Fig, 1A 18 2 boltarm perspactive view jHusimiing one example of the activatable
MRienal, ;‘:zarht:ar tor activation, applied {0 a member in accordance with the preseant leachings.
G012 + B s o potlom perspeclive view illustrating the member and activatable material of
Fig. 1A aftﬁe-r activation of the activalable material.
F00131 Fig. 2 is close up view dlustraling one example of the activatable material applied 10 3
mermber in aecordance with the present teachings as shown in Fig. 1A
{’-s‘}ﬁ-‘i <33 F.Eg, 3;3‘.,_ & & side vi-&w %iawtmhﬁq One emmmg of the activatable matens pr:m e

...........................................

{00 15] Fig. 3R iz a side view illustrating the member and activaiable maternial of Fig. 34 after
activation of he .::*(“m atable malensl.

{018) Fig 4 siius}t_rat@s the activaiable material being applied {0 2 subslrate.

FO0TY g & liustrates same possible vmcosmm of tha activatabie matenal.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FGO18] The {ollowing description of the preferred embodimeant{s) is merely exempiary i nature

and i3 5 no way intended o imit the leachings, s appliication, or useas

FO018] The present pachings areg @ method o applving an activatable material 1o a surtace of
a mamber. Generally, i i3 contempiaied that the maternal may be applied {0 vanous members
such as members that are pan of a bady, & frame, an engine, 2 hood, & frunk, 8 bumper, roof,
door, {Bil-gate, @ combination thereof, or the like of an automotive vehicle. i also
cuntaempiated that the member may be a camer or & remforcament, & batlie, & seal, a
cornhinalion thereof, or the ke of the aglomotive vehicle.

(ODE0] The method typicaily ncludes the sleps o providing an activalable matenat 1o an

applicator; providing a member of an article of manufacture having one o more ihrough-holes;
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applying the activatable material to the mamber so that a portion of the activatable material is
focatad proximate or within the one or more through-holes; and optionaily, further processing
the member, the arficke of manutaciure, or boih,

Fa024] As used for the present eachings, the {ferm activatable materssl s intended 0 mean a
matenal that can be aclivated 10 cure, expand {&.g., foam), soften, flow, or a combination
thareoi, Thus, i is contemplated for the prasent teachings that an activalable maternial may be
aclivated 1o ;‘:wrfnfm onty one of the aforementionad activilies or any combination of the
aforementioned aclivities unless otherwise stated,

(33221 The activatable material may comprise a pluralily of pellets or a bead that are fed into

an infrusion device i @ solid (though phablel form i accordance with the teachings of

commonty owned WS, Pat No. 5,358 387 {("Apparaius For Exiruding Flowabie Matenals™),
harehy expressly incorporated by reference, such type of apparatus demg retarred 0 harain
as & ‘min-applicator” so that the peliets or beads may be extruded along and onio portions of
an article of manufacture. A preferred mint-apphcator s an extrude-in-place devicg suitable
for exdrusion with or without robotlic assisiance, and which may be porlable or remain
stationary in a pradetermined incation. The use of a mini-apphicator advantagecusly aliows
axtrusion of mellable plastic malerials of vanous section sizes or shapes directly at production
o assambly lines. The pellet may then expand and bond o the member and the body pansl
when exposed {o the e-coat process as weall as other paint operation cycles encoutersd in &

fin:ra.i whtf:i‘fa asmamibiy ff,. f":?itiw, En- *iddition. sit‘ i:a a:csntem :z-faied th;.at the presem 'iea.chim;s may

of an automotive velicle,

023 The applicator as discussed hergin may include a one or more Controlers, sansors,
regulators, or a combination thereof. The applicator may have s senor thal measures the
temperature, shear rate, pressure, viscosily, of a comoihstion thereot of the aclivatable
material. The sensor may fesd the measured condition o the conirolier and the controdisr
may adjust one or more process condition o that the activatable material s moved through a
trwough-hole and creales a mechanical interlock andins self-anchors 1 resist puli-through.
Ia24] The activatabls matermal may be placed onto a member with no apphication of heat to
promoete bonding, A the assembly 18 prepared for final gssembly of the vehicie, it s
procassed hrough e-coat o other heat-inducing paint operations which resuil i expansion
and bonding of the activatable material from the mamber 0 an adiacent wall where the
activatabla matenal cures and remams i place.

{00281 The activatable material may be placed unlo a member using atmaosphenc pressure,

and atmosphernc prassure may force the aclivalable matenal through ong or more through-

oles in the subsirate or member so that the gotivatable maternial self-anchors. The amouni of

pressure used may be constant tor the entireg guratan of the application procass. ne amount
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of pressure usad may vary. The amournd of prassure may be varted basad upon the viscosily
of the activation material, the speed of application, orifice size, or a combination thereof. For
example, temperature andfor shear rate may be changes until the activatable material flows
out of the applicator at atmospheric prassure. Freferably, the activatable material is applied 10
the subatrale andfor member using & prassure that is higher than atmospheric pressure.
More preferably, the amount of pressure used 10 apply the activalable matenal may be any
pressure o that the activalable material v applied © a surface of the subsirate or member
and the activatable material is foread info and through the ong or more through-holes 30 that
the aclivatable malgnal sell-anchors.  Most preferably, famperature, pressure, shear, oF a
combination thereof may be adjusted so that the activatable material flows out of the
apphicator and onto an articie of manufacture and hrough the through-hgles so that the
activatabie matenal seifanchors o the article of manufacturae, The amount of pressurg ysan
io apply the activatable material may be about 1x10° Pa or more. about 1.8x10° Pa or more,
about 5 x10° Pa or mors, or about 1 X10° Pa or more. The amourt of pressure usad 0 apply
the activatable matarial may be about 1 x10°Pa or less, about 1 x10 or less, or about 5 x10°
OfF 1888,

IG28l The pressura in appiving the aclivatable material may be consistently applied along
the entirg length of the subsirate or member. The pressure of the activatable maternial dunng

application may vary along the length of the supsirate or member. The ressiys may he

........................................................................................................................................................................................................................

increassd by about 1 parcent or more, ahout 20 parcent or migre, aboul 30 percend or move,
aboul 40 percent or more, or even about 30 percent of more n the region surrounding the
through-hiotes.  For sxample, the application prassure may be about 5 x10° Pa when the
activatable material 5 appliad 0 a swtace the application prassure may be increasad 10 abouwt
1 x10% Pa when the activatable material is being applied in the through-hole region. 1 s
contemplated that the application pressure may initially be increased in the region surrounding
the through-holes and then decreasad back © normal so that some activabion malerial s
forced through the through-hole and then additonal material s placed on the surface of the
substrate or member.

(00277 The aclivatable matenal, in a pre~activation slale, inchides a viscostdy. 1he viscosiy of
the gotivatable material may be any viscosity that aliows the activatable material 10 be forgad
through the through-noles in the substrate or member.  The viacosity of the activaiable
material may be any viscosity so that the activatable maternial resists pull through once the
activatable matenal s forced through ong or more through-noles in & subsirate or member,
The viscosity of the gotivainble material may e any viscosity so ihat the activatable material

may be forced through onge or morg through-holes in a substrale or member and the

(i3
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activatable member is self-anchoring. The viscosity of activatable material may be sufficient
a0 that once the activaiable malenal i applied and forced through the through-holes the
activatabls material mamniaging condact with the arlicle andior does not become unatlached,
The viscosity of the activalable matenial may be low enough so that the viscosity flows whan
stibjecied {0 atmospheric pressure. Preferably, tha viscosity of the activalable material is high
enough so thal the viscosily does not flow when subjected o atmospheric pressure,  Morg
praferably, the viscosily of the activalable matenal 18 any viscosity so that the aclivatabie
matenal 8 orced i faugh ong of morg through-holes N a substrate of meamber and the
activatable malerial once through the substrate or member ssif-anchors and resist being
nudled back through the one or move through-~-holes.

FO028Y The temperaiure of the activalable material may be any temperature ang may be
maasured at any location in the process. Preferably, the {emperature of the activatable
matenal as discussad herein s the temperature of the aclivatable material as measureg
shortly before andfor durtng the application process.  the emparature of the aciivatabis
material may be belwaen about 00 and 30070, belween about 570 and 20070, preterably
between aboul 50°C and about 1507C, and more preferably between about B35°C and about
113°C.

(0028] The activatable material may be subjact 1o shear while lpcated i the applicator. The
activatable malenial may de subiect (o shear during the applicalion process.  The shear rale

exparignced by the activalable matenal may be any shear rale so thal the activatable matenal

fiows The shear rate exparienced by the aclivaiable material may be any shear rate so that
the aclivatable matenal tlows and remams altached o the article.  The sheaw rate may be
about O or greater, about 100 or greater, apbout SO0 or graaler or even about 1000 or greater
(sec -1} The shear rate may be about 10,000 or iess, about 5 LK) or less, o preferaoly about
2000 or less {(sec -1} The shear rale may be between abowd { and about 10,000 {(sec ~1},
prferably between about O and about 5,000 (sec 1), and more preferably between aboul O
and about 1,000 (sec -1}

(U031 The activalable malenal may be any viscosily 3o that that the activatable matlenial
flowa, and preferably flows through a through-hole and selfanchors o the arlicle of

manutacture {(Le. a subsirate or @ mambery. The viscosity of the aciivatable material may be

about 100 Pad or more, aboul 200 Pad or more, or preferadly about 300 Fad or mare. The
viscosity of the activatable matarnial may ba about 10,000 Pal or less, preferably ahout s, 000
Pas or less, or more preferably atout 8,000Fak, or less,

10031 The viscosity of the activatabie matenal at a {emperature of betweean about BUC and
about 120°C may be abowt 100 Pa®s or higher, about 200 Pa™s or higher, praferably about
SO0 Fa's or higher, or more preterably about 400 Pa”s or higher measured at a shear rate of

betwaen aboul O and about 1000 {sec -1}, The viscosity of the activalable malenal at &

N
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twiniperature of betwean about 80°C and aboul 120°C may be aboul 10,000 Pa%s o lower,
about 8,000 Pas or lower, preferably about 8,000 Pa’s or iower, or mwe preferably about
5 000 Fa's or lower measured at a shear rate of between about 0 and abhout 1000 {sec ~1},

[o0321 The viscosity of the activatable material may be varied by hesting the activatable
material. The viscosity of the activaiable maternial may change by aboul 1 Pa’™s of more, about
5 Pats or more, shout 10 Pa’s of more, or even about 20 FPa's or mwore for every 170 the
tomparature inoreases o decreases.  The viscosty of the activatable matenal may changs by
about 100 Pa™s or less, about 50 Fa's or less, about 40 Pa’s or less, or sven about 30 Pas

i

or {Eas for every 1°C the lemperaiurs increasss or decreasss. The viscosity of the activatable

Tatanial may change by aboul 1 Pa's or more, aboul § Pa’s or more, about 10 Pa’™s or more,
ar even aboul 20 Pa™s of more for every 50 seo -1 that shear inCreases or decreases.  the
visnosity of the aclivatable material may change by about 100 Pa’s or lgss, about 38 Pa’s

s, aboul 40 Pa™s or less, or sven aboul 30 FPats or less for every 50 sec -1 that shear
noreases of decraases. Tha present eachings may employ one of more methods discussed

harein o adjust visgosily, For example, the composition of the activatable malerial may be
varisd by increasing of decreasing the amount of 8 18ss vISCoUs OF more Viscous subsiances,
noreasing o decreasing the amount of subslances with @ low or high molscular weight,
ricreasing the empearature of the activatable material, increasing or decreasing the amount of
shear, or & combination thereof so that the viscosily 18 increased or decreased.

(0331 1 is contemplated that i famperature is usead o intrease the vésm-“ﬁ:ity (1.2, change the

fliow characteristics of the activatable m*‘ate“*ndi” that the tfﬂmpem*um may he hmh eno—uuh G
as o create a first level of activation upon codling of the activatable matenal. Freferably, the
remperature of the acltivatable material remains low enough so that the activatable material is
not activated as the aclivatable material s applied 1o the substrate or membear. tha
temperature of the aclivatable material may be high enough so thal the viscosity changes ang
the aclivalable material s forced though holes in the subsirate or memiber and upon conding
tha visoosity of the activatable matanal decreases so that the aclivatable matenal self-anchors
o the substrale or mamber and resisis pull-though.

(30341 The size, shape, diameater, or 3 comiination thereo! of the application orifice may de
changad as the aclivatable matenal passes though the nozzie gurning the application step.
The application arifice may be g constant size, shape. diameter, or a combination thereof
However (he apphoation orifice may hiave a vanable size, shaps, diagmeter, or @ comisnation
tharao!,  The prassure i applying the activaiable material may remain conslant along the
lengih of the substrate or member. The pressure in applying the activalable matenal may be
varigd by changing the size, shape, diametar, o 8 combingtion thereof of the applicalion
crifice.  For sxample, the diametsr of the application orifice may be reduced in size when the

activafable material 8 being applied i the through-hole region. The reduction in size may
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ternporarnly increase the force in which the activaiable material 18 apphed © the hrough-hola
si that the activatable matanal 15 pushed through the through-hole so that the activatabls
matenal seif-anchors. It s contemplated 1o that once some matenal is forced through the
through-hole that the size of the application onfice may be increased so thal a constant
amount of material s applisd along the length of the application surface. it is further
cortempiatad that the arifice may be ncreased over the through-holes bullding up an amount
af activatable material and ther the oriffice size decreassd 30 that the pressurs 8 inCreased
and the activatable material iz forced through the through-holes.

[3335] The method of applying the activalable material may be any method so that the
activatable material self-anchors 10 the substrate or member. The activatable matenal may be
applied 1o a surface of the stracture or member at a constant rate.  The activatable material
may be applied to the swiace at g variable rate. For exampig, the activatable material may La
apphed at ong rate between through-holes and the rale may be reduced at the through-holes
50 thal additional mstenal may be added at thal localion © compensate for the volume of
activgiabie materal that passes into the throughe-hole.  The activaiabie malenat may be
applied at & rate of aboul 1 emisecond or more, about 10 cmifsecond or more, or about 20

cmisecond oF more.  The activalable material may e applied &t a rale of about 100

por 3
4

covsenoryd or fess, sbouwt 50 omysecond or less, or aboul 40 consecond or less, 71

activatable material may be applied at a rate, in the through-hole region, that 18 about 50

narcent or stower, about 80 percent or stower, or aboul 70 percent or slower than whaen the

axarmez, § the activaiable maternial (5 being apphad al & rale of 20 chvsecond Dalween the
through-hole regions #f will be applied at the through-hole regions at a rate of about 10
ci‘second i the rate s reduced by 50 percent.

F0036] The activalable malenial may be appdisd using ong or moreg of the mesthoos,
techniques, or steps discussed hereln.  The pressure ior appiving the activalable matenal may
b formed by the weight of the activgiable material pushing the activalable through the onifice.
The waight of the activatable matenal may create a "head” such as g hydraulic head., The
apphcation speed may be vaned by creating a taller or shorter column of activaiable material.
in a referred embodimant the orffice size of the application device s constant and the size of
the activatable matenial s varied by adjusiing the application speed of the applicalor {L.e.
raoving the applicaior or the arlicle of manulaciurer {asier or slower).

{00371 Depending upon the technique employead for providing the activatabis material (o the
apphcatnr, the vanous components of the activatable matenal may idernux wihin tha
agplicator, may be prdermixed prior 10 being providad (0 the apphicator, may nenyg upon oF

after axiling the appicator, o a compination thereal,  Typically, s desiable for he

...........................................
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activatable material 10 be substantially homogenecus upon appheation o substrate,

although not raguirad,
[0038] Gengrally, # is contamplated that the activatable material may be provided 1o an
applicator using a varigty of technigues. it is further confempliated that the acltivatable matenal
may be provided to the applicator in a variety of conditions. For instance, the activatable
material may e sold, semi-solid, flowable, liquid, g combination thereol or the ke
fMoreover, the aclivatable malenal may be provided o the applicator as a substardiaily
CONUNUOUS Mass of as a pluralily of masses (e.q., pellais),
(00381 The activatable material may be formed of a varety of suilable malenals, In ons
embadiment, the activatable material is fonmed of a heat activated material NAVING namadla
characteristics, although notf required.  in alfernative embodiments, the matenal may be non-
fcamable or non-expanding. The material may be generally dry o the ouch {&.g., non-tacky)
o shighily tacky, or more substaniially tacky and may be shaped o any form of deswead
oatiem, placament, or thickness, bul s preferably of substantially uniform  thickness
Freferably, the activalable matenal when applied has some tack so that the ackiness of the
aciivatable matenal assists in holding the activatable matenal on the article of manufacturs,
[a0447 From a chemical standpoint for a thermally-activated matenial, which may be structval,
sgating, or acoushical, can e miially procassed az a fowable matenal before guring, and
e curing, the matenal will typically cross-link making the material incapable of further How.

F334141 The activatable material may include a ﬂoiymer’éﬁ: azd?rr*gi'ﬁe;ﬁ.séfe an im;:sac%' modifier and

present teachiﬁgs may be giéeaned? fr::zm the teachings hersin, i;*a:a:-t';,s;;jfing those of Column 7
ine 38 o Column &) ine 41 of UG Patent No. 7,882,386 mcorporated by reference herein,
which shows vanous cunng agents and fillers that may be usad i the activatabile material.
{0042] The activatable material preferably includes &t least three of the following: about 2 10
about 80 percent by weight epoxy resin, about 2 10 about 70 percent by weight polymer or
chigomay {e.g., spoxyisiasiomesr adduct, ong of more additional polymers, which typically
ciude 8 one or miove ethyleng polymars of copclivimers; about 2 1o aboul 70 percent by

waight wmpact modihier; up 1o about & parts by weight of a blowing agent; up o about 7 parts

Ei:-

Dy welght of & curing agent; and & Hiler, Additional aspects of the present teachings may be

gleaned from the leachings hersin, including those of Column 2] ling 38 to Caolumn 3; line 10
of U&, Paltent No. 7,882 300 incorporated by reference harein, which shows various Epoxy
Resirs hat may be used in the activatable msterial, Additional aspﬁms of the pra‘f&wi

G7oof U, F‘afenfi NG, 88 380 eorporated by reterence herein, which shows vanous

Adducts that may be usad in the activalable material.  Additional aspects of the present

—_r

machings may be gieaned from the teachings herein, including those of Column 4, Hings 10
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¢8 of US. Patent Noo 7.882.3588 incorporated by reference heremn, which shows vanous
Folymare or Copobymers that may be used n the activatable matenal.

F0043] The concentration may be higher or lower depending upon the inlenoeo apphcation of
the activaiable matenial. i g prefemred aspect of the {eachings, the impact modilier ncludes
orie OF ore corefshell polymers. Additional aspects of the present isachings may be glsaned
from the teachings hersin, including those of Column 5; line 31 o Golumm §; Hine 67 of UL,

Fatent No. 7,842 398 incorporated by reference herein, which shows vanous impas! modifiers

that may be used it the activatables malenal.

{00441 It is also contemplated thal the aclivatable malanal may mclude onhg o more
conductive malerials, which can assist in weld-through of the material,  bExamples of such
materials includes graphile, carbon-black, ron phosphide, metal particulate {8.q., pelisls,
shavings or the likej, combinationy thereol or the like. Additional aspects of the prasent
eaohings may be glganed from the teachings herein, moiuding those of Golumn 8 ings 43 1o
R7 of UL Patend Noo 7,882,396 mncomorated by refgrencg hereiy, which shows various
additives that may be ysed in the aclivatable maierial,

(B045] Generally, applicators of the present {eachings may apply activalable matenal of the
presant {eachings (0 a sybstrate or mamber in a vanety of contigurations and may apply the
matanal {o g varely of members  The schvatable materml may be applisd in any
configuration 0 {hat the activatable matenal i3 useful for one or more of the purposes

discussed herem.  Preferably, the activatable material 15 applied s0 ihat the activatable

....................................................................................................................................................................................

material seif-anchors o the substrate or member 1o which i is applisd. As examples, it

contemplaled that the activatables material may pe applied as continuous (&.¢., 38 a singuiar
cortinucus mass) or discontinuous {e.q., as mulliple separated masses) mass. Furthemaore,
the activalable matenal may be applied i a vanety of shapes {8.9.. a3 a bead, as a layer o
otherwise) and a varisly of thickness. The aclivatable material may b applied o the
subslraie or mamber in & pre-getivation state. The activatable materal may be apphed i &
semi-activaled stales {&.g. the aclivatable malenal may be healed to 8 temperature so hat

curing has begun as the activatable material 1s being applisd).

I30481 The dimensions of the activatable malerial, in a8 pre-activation stale, may be any

15

dunension so that the activalable matenal may be used for ong of more of the purpose
discussad herein. For examplg, the aclivatable malerial may be applisd so that i includes a
thicknass {i.e. an amount of matenal measurad from the substrate or mambaer o the {op of the
aotivatabie malenal), a widih (e, from oneg ongitludingl edge of aciivatabia 1o the ophosing
iIongiludingt edge of activatable materall, and a length {.e. from a proximal end (o a distal end
of the activatable matenial;, The thickness may be belween about 0.1 mm o abowl & om,
praferably between about 0.5 mm o abowl 5 mum, and more weferably batween apout 3 mwm

ang about 4 wn aithough such thicknass may vary widsly depending upon ihe desirsd
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functicr o paticular appliication of the aclivatable matenial. The wiath may be betweaean aoowt
3.1 mm to gbout 2 om, preferably between about 0.8 mm 10 about § mm. and more preferably
cetwean aboul 3 mm and about 4 mm. The length of the aclivatable matenal will vary
dapanding on the application, substrate or article, and application style {&.g. continuous of
dizcontinucus). Ths activatable maleral may be applied so that the activatable matarial has a
diameter (2. ¢. is genarally round or aval shaped). Typically, the activalable matenst will form
a "7 shape on the substrate or meamber. The activatable matenal may be applied a0 thai the
activaiable material is any shape. The activatable malerial once applied may have a generally
non-uniformy structure. For example, the dimensions of the activatable material may vary
atong the lengin of the surtace. in another example, the activalable material may become
thinner at the through-holes. The aclivatable maleriat may includs partial gaps it the through-
nole regions. For example, a portion of the activatable malenal will entar inte the hole and
sorne materal will be placed around the hole 30 that the hole remams visible dug o the
material ot completely fidling the through-hole,  However, it s confemplated that the
activatabie material may e thicker at the through-holes so that the through-holes are not
visiple afier the activatable matenal s appled (o the through-hole region. The activatable
material may be substantially uniform along the length, widdh, or both of the surtaces.

(047 The diameler of the activatable materal i the largest dimension other ihan length {(1e.

...............................................................................................................................................................................................................................................
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aoout § om of less, about 4 om or less, preferably about 3 om Of less, mare preferably about &
TR OF 1888, oF ost preferably aboul 1 om or less. The diameter in the largest dimension may
e ebween about 0.5 mm and about 1 o and preferably betwean abowt 2 mm and abowt 5
e H s contempiatad that the size of the activalable malenat, i s pre-activation state, may
vary shghily after apphcation {ie. the maleral may How, densify, sxpand, comprass, or 3
combination thereot) alfecting the size of the activatable matarial on the substrale or membper.

(044} The activatable matenal once forcad through the throagh-hole may have a shape., The
shape of the aotivaiable matenal on the back side of the surface may be any shape s0 that the

activalable material saif-anchors and resists pulbthrough. The activatable material may fonm

v ! .

- 4

a mushroom shaped bution, a "7 shape, may curl over the edge, may fold over the edge, or a
combingtion thersof. The activatable matenial may project straight through the through-hole
s¢ that the size of the activaiable matenal s aubstantially the same a3 the through-hole, The
Activatabie matenal may form an angle relative o the through-hole so thal the activatablg
maienal asi-anchors and resists puti-through.

F0048] The activatable material of the present teachings has been found particularly useful for

appications requring sealing and structural remforcement. For these applications, sxpansion

11
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af the activatable material is typically amall if there is any expansion at all, In general, 18
desirabie for the malenal o include good adhesion durabiity.  Morsover, it js typically
desirable that, the material does not generally interfere with the materials systems emploved
by autornobile or other manufaciurers.
LO050Y In applications wheare the activatable malerial s 8 heatl activaled materad, an important
consideration involved with the salection and formulation of the malenal is the temperature at
which 3 material curgs and, If expandabla, the femperature of expansion. Typically, the
matenal becomes raactive {cures, expands, or both) at higher processing temperatures, such
as those encouniered m an automobile assembly plant, when the foam s procsssed along
with the automobile -tzkurr'ipfs'r-aﬂf-at.ﬁ al elevaled temperatures or at highst apphied snergy levels,
... during paint cunng steps.  Additional aspecits of the prasent teachings regarding
sxpansion may be gleaned from the feachings herein, including those of Columin 7; knes 1 {o
27 of US. FPatent Nuo. 7,882,386 incorporated py refersnce heredn, which shows vanous
Biowing Agents that may be used in the aclivatable malenal. While temperalures
sncaunterad in an automobile assambly operation may be in the range of about 148.88° C o
204.44°C {about 300"F to 400%), body and paint shop applications are commionly about
G3.33°C {about 200°F) or slighlly higher. The activatable material may be cured by more than
o emperature. Adgiliongl aspects of the present teachings regarding two temperatire
cuning may be gieaned from the {gachings hergin, mcluding those of Paragraphs (0084 to 001
of 4.8, Fatent Application No., 2008/00282 14 mcorporated by referencs hergin, which shows
""""""""""""""" various materials, agents, and methods that may be used o two temperature cure the
achivatable matenal.
{B{B‘S”i}} the activatabtde malenal /s discussed hgrain may be cured by methods othar than
temiperature.  The activatable material may e cured by moisture.  Additional aspects of the
proasent feachings regarding moisture curg may be gleaned from the teachings herein,
ncwding thoese of Paragraphs 0078 to 0083 of UG, Patent Application No, 2U08/0028214
neorporaied by refergnce hereiy, which shows vanous malenals, agenis, and methods that
may be used o mosture oure the activalable material. The aclvalable materal may be cured
by exposura 1o other stimulus such as UV ignt, snergy waves, microwaves, of & cominnation
thereof,  Addilional aspects of the present leachings regarding shimulus cuning may be
gleaned from the teachings herein, ncluding these of Paragraphs 0115 0 80112 of U5, Patent
agpiication Mo, Z008/00288 14 incorporated by reference herain, which shows vanous
{30821 T the aclivatable material iz expandable, it may be configurad 1o have & wide variaty of
VEHUITIENIC axpansion avels. A8 an exanpie, the activaiable matenal may expand 1o at leasd
about 1019, a8t leaxt aboul 300%., at least aboul 500%, at least about 800%., at least about
T100%: . at least about 15060 %, at ieast about 2000 %, at least about Z2500% or at least abhout

12
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3000% #s original or unexpanded volume, OF course, in other embudiments, the expandable
matenal may be configured 1© have lgss volumelric expansaon, particularly for structural
apphcations. For example, the oxpandable material may be configured v expand Dstween
about 110% and about 700% (... about 10% {0 about 800% grealer thatl than the onginal
yriexpanded volume), more typically betwsan about 130% and abowt 400% s onginal r
unexnandsd volume,

(0053 Upon application 1o & member and thereafler, § may be desirable for the activatabile
matarial o axhiblt desired charactaristics to allow for further processing oF assambly of the
aciivatable materal, the meamber to which 13 applied or both., For example, § may de
desirable for the activatable material © be siastic such that # can be defermed or stretched
foliowed by allowing the material to at least partially regain s oniginal configuration,

F0054Y Alter activation and depending upon the inlended use of the activatable matenal, the
material will typically exhibit one or more desired characieristics such as strength, sound
absorption, vibration dampening, combinations thereof, or the like. i i3 possible that the
activaiable or activaled matenal can exhibil a shear strength {(g.g., 8 ap shear sirength)
greater than aboul 500 pst, more typically greater than aboul 1000 psi, even more typically
greater than about 10040 psi and still more typically graater than about 2200 pal

[0055] The activatable material may exhibit ong or morg of the charactenstics discussed
heremn when appied 10 g substrate or a member discusased hereiny. The activatable malenal

and the substrate or membear may form a mechanical inferlock therebeiweaen s that the
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activaiable material is anchored to the substrate or member without the addition of any other
materials. The substrate of meamber includes one or more swrfaces that melude through-
noles.  The subsirale or membsr may include one or more through-holes on each surface.
The through-holes may be formead a1 any location along the sudace so that upon application of
the activalable material, the aclivatable material contacts the one or more-through holes 80
that the through-holes mamniam the iocation of the aclivaiable matenal on or within the
memizer. As such, no addiional matenals (e.g., adhesives) of freatments {g.q., heating of
COOHNG) may be required 1o mamian the posiion of the activataids mateniat yupon or within the
minbar.  he aclivalable matenal and subsirate or mamber may be free of any malenal ysed
(o assist i holding the activatable material on the subsirate or member. The achvatable
magtermal and substrate or member may be freg of mechanical fasteners.  The aclivatable
malernial and substrate or mamber may be free of push ping. The activatable maternial and
subsirate or membear may be free of an adhesive. The activatable malerial in ils pf‘&*af;:ﬁv'aﬁfm'
and/or post activation stales may be free of BCK {fLe. 18 dry ¢ the touch}. The activalable
material i iy pre-activation and/or post activation states may be tacky.

{GOR6] The through-holes may be tormed by moving material so that a8 hole is formed in the

subsirate or member. oy example, the through-holes may be formed or punched through the
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member s that the through-holas mclude one or more side walls 3% a resuil of the forming
provess such that the side walls of the through-holes may contact the activalable matenat to
assisf in maintaining the position of the activalable material,  During formation of the through-
holes, rosettes {1a. flared pleces of substrate or the member) may be formed so that as the
activatabie matenal is forced through the through-holes the activalable material becomeas
ntertwingd in the roseltes and saif-anchors the aclivatable material.  Thg Inrough-holes may
pe formed Dy removing material, For example, the holes may be formed by dridling, culling
(e.g. with 8 orch, laser, plasma culler, or the like), meiting, or @ combination thereal. The
through-holes may be integrally formed dunng creation of the substrate or member. The
subsirate or member may be free of any configuration that assisis in alachment of the
activatable material.  The subsirate may include one or mare features discussed herem for
szinting i altaching the activatable matarial o the substrate or membear,
{i}@*‘;‘i?‘} The substrate or member may include one or more through-holes for altachment.
Fraferably, the substrate or member includes at least two through-holes on gach surface that
are confiqured i receive aclivatabds material. B is contamplated that if a surface includes two
through-holes that the through-holes miay be located on opposing end regions of the surfane;
however, the through-holes may be located at aimost any localion along the surface.
Fref&rabiy} each surface mohdes g plfu:r:taiéiw af through-holes, More preferably, sach surface
windes & sufficient amourt of through-holes a0 that the activatable matenal may self-anchor.

The number of thrmssghu%'mtﬁs and distance between the ti*m.mgsh Eﬁtﬂm“x m*sy b dependent {1

.......................................................................................................................................................................................................................................................
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the activatabls material, temperature of the aativatabi& material, i@ngth of the su hstrate Qf
membear, chamical compastion of the achivatable matersal, strangin characieristics of the
subzsirate or mamber, bead size of the activalable matenal, or 8 combination thereot.
305 The through-holes may be spaced apart on each surface. The Qistance batwesn the
through-holes may be any distance so that the through-holes do not affect the structural
tegrity of the surface, the substrate, or the member. Prefarably, the through-holes are
spaced far enough apart that the structural integrity of the substrate or memoper is not affected
ot clase enough so that the activatable matenat 1s hedd in place between the through-holes,
The distance between through holes may vary rom apphication to applcation. 1 he through-
noles may be spaced about 1 mm o more apart, about 5 num or more apart, preferably abow
£ of more apar, or more preferably gbout 1 om or more apart. The through-holes may be
spaced anout U o oF lass, aboul 10 om or ie3s apart, about & o or kess apart, pretarably
aizoul 4 om or less apan, of more preferably aboul 3 om or less apart, Ths through-holes may
pe spacsed about 1 om o about 10 om apart, preferably about 1.5 om o about § o apart, and
migwes preferably about 1.8 1o about 2.5 om apart.  The spacing of the through-holes may

dapand on the diameter of the through-hole.  For example, if the through holes are 2 mim in
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diameter then they may be spaced about 2 om apart, and if the through-holes are § mmy in

diamelsr then they may be spaced about 1.5 om apart.  The through-holes may b spaced

dnevenly apart. For example, two holes may be 1 om apart and the naxt iwo holes may be 3
oy aparl, The spacing between the through-holes may be any spacing disoussed harain.

(00881 The largast dimension of the through-holes (&g diameter of the through-holes) may
b any dimension 3o that the activatable material may be forced through the through-hals and
self-anchor. The iargest dimension may be any size so that the activatable material may be
forced through the through-hole and saelf anchor, Praferably the {argest dimension may bea
ary size so that the activatable material may be forced through the through-hole and not say
off of the article of manufacture. For example, ¥ the dimension i3 oo large than the weight of
the aclivatails matenal during applicalion may causs the aclivalable matenat 0 sag and
break off of the arficle of manuiacture. The shape of the through-holes may be any shape 50
that the activatable material self-anchors (¢ the supsirate or member. The through-holes may
be shaped like a star, sguare, reclanguiar, triangle, heart, "W "C7 "X the like, or a
combination thereof. Preferably the through-holes are circudar or oval, The dimension of the
through-holes may vary tram appiication to application.  The dimension of the through-holes
gy be shoul T mm or iarger, apoutl € mm of grger, preferably about 3 mm oF largsr, or more
preferably about 4 muny of larger. The dimension of the through-holes may be about 3 om oy
a3, about 2 om or less, preferably about 1 om or less, or mare preferably about 4.8 om or

less.  The dimension of the through-holes may be batween abowt 2 mm and 1.0 em and

The size, shape, dimension, of a combination
thereot may vary from ocation (o ocation. bor example, one through-hole may be a sguars
and the naxt through-hole may be 3 cirgle.

0601 The members o which the activalable malerial are applied may be confiqured for
riniatiation withinn @ varety of articles of manufacture as discussad. Preferably, the activatable
material is applied a member that is to be assembled fo an automative vehicle. Members
thal may be assembied {0 an automotive vehicle can include, withowd fimitation, body
members {8.Q.. inner of ouler quarter panels, inter o outer panels of a vehicle door, hood,
rof, closura panal, 3 bumper, a pillar, combinations thereof ar tha like), frame members {8.4.,
frame rads), engine or chassis components or other members. QOther members, which may be
assambled 1o an aulomotive vehicle nmclude camer members, which may be usead to form
oattles, reinforcement mambers, compinations thereot or the ke, The members may be
made of any matenal used o make an article of manufacture, and preferably an automotive
vehicte, The members may be made of metal, plastic, a synthetic malernial, a natural material,
of 8 combingtion thereot. FPraferably, he members arg made of stest

T0081] The aclivatable material may be useful in adhenng; baffling; sealing; reducing noise,

vioration, and/or harshiness, rrinforeing, strengthening; of 8 combination thersol at least two

15
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articles of manufacture fogether. The aclivatable matenal may be usefy in adhering; bafiling;
sealing, reducing nolse, vidration, andity harshiness] redrforcing:  strengthening; or a
combination thereot at {eas! two articles of manufacturs fogether that are made of similar
materals.  The activaiadie may be usefud i adhering, baffling: sealng, reducing noise,
vibration, and/or harshness, reinfureing,; strengthening, or a comipination thergof at least two
articles of manuwfacture togather that are made ot dissimitar materials.

FO062Y The present teachings may be created using a method., The method may include one
or more of the method steps discussed herein. The mathod may include the creation of the
activaiable matenal. The aclivatable material may be created by combining one or mwe of
the ingredients reciled herein inlo @ mixing vessel,  The ingredients may be mixad untit the
ingredients are thoroughiy mixed forming & homogeneous mixkiyre, The ingredients may be
hested. The ingredients may be cooled. The viscosity of the ingredients may be measured.
The viscoaily of the ‘mixture may ba increased.  The viscosity of the ingredients may be
rediuced. The molecular weight of the mixture may be increased. The molecular weaight of the
mikiure may be reduced.  The activatadle matanal, raw materials, or both may be moved
the applcation device. The aclivatable malenals, raw matenals, or both may be maxed iy the
application device. The applicalion device may be an exiruder. The apphcation davice may
e & mini-apphicator

FG0631 The presaent 2achings may include oblaining a substrate or member {8.Q. an anticls of

manuiaciure).  The present leachings may inoiude ong of morg steps i preparing the
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supstrate or memuoer.
hioles may be punched into the substrate or article of manufaciure. The through-holes may be
polished, sanded, ground, or a combination thereot atier creation.

FO06847 The present teachings may mclide one o more steps of applving the aclivaiable
materal. The steps of appiying the aclivataiie material may include the step of measuring the
viscosity.  The viscosiy may he adiusted.  The temperature may be measured, The
temparature may bhe adiusted. The amourt of shear applied o the activatable maternial may
be adjusted. The application pressure may be fested. The application pressiye may be
adjusted. The slep of applying the activatable malerial may include 8 step of measuring all of
the process variables discussed herein and adjusting one or more of the process vanables
(e viscosity, temperatrg; onfice size, shape, diameter; chamical composition; prassura; of
a combination thereol} 30 thal the activatable matenal once apphed seif-anchors o the
subsirale or mgmber and resiste puli-through,  The application may include a controller that
controls one or more process variable,  The applicater may adjust ong of Mwe process
vanable, The method of applying the activalable matenal may further include the sieps of
nereasing or decreasing the rate of application of the activatable material,  Adjusting the

speed the application device moves, the part moves relalive {o the application device, or both,
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Adisting the size of the opening of the application grifice. The method further contemplatas
parforming ong or more of the method steps disclosed herein simulftanscusly. For example,
the speed at which the aclivatable material is applied may be incregsed and the orifice
Qpening may simulianeousty de dacreased as the artlice anters the through-hals region.
(G068 Hustrative Embodiments

FO06EY The foliowing exampies arg provided (o illusirale the teachings, bl are not ndended {0

Hmit the scops thereat,

e e .

TOU6TT Figure TA dHustraies the activalable malenal 2 0 ity pre-activation siate applied (o an
articte of manutacture 4. The anicle of manufaoturs 4 includes g plurality of hales 6 and the
activatable materal 2 exiends {hrough the holes forming a mechanical inferiock 8 so that the
activadable matenal 2 1§ self-anchored 0 the articls of manufacture 4,

{0068} Higure 1B Hlustrales the actvaiable matenat 2 i fs post-acivalion slate.  The
activatable malenal 2 18 expanded on both sides of the plurality of holes 6 and forms a
mechanical irteriock 8 so that the aclivatable material 2 resisls puil-though and s seldis
anchorad {0 the artivle of manutacture 4.

fRG6YT Figure 2 8 a closs-up view of the activatable material 2 of Figure 1A, The
activatable matenal 2 18 extending through one of through-holes © and expands once through
the through-hole § forming a mushroom shapsd bulton 14, The mushroom shaped bution 10
exiends ovar the sdges of the through-hole § and forms 3 mechanical interiock 8 so that the

.................................................................................................................................................................................................................
----------------------------------------------------- . D R T T T T R T T T St S S B B T T L R R L T I R R T L T A R SRR I T S R B T S T T R R R R B R I R N ST ¥ L SR L R R S RS ST L B R LI T T T T T I I

aclivatable material 2 i3 self-anchored o the arlicle of manufacture 4 and resisis being pulled
back throwgh the through-hole &

TOOT8} Figure G4 Hlustrates & side view of the aclivatable material 2 of Figure 1A, The
activatgble material forms a semi-continuous bead that exdends partially around the through-
holes © and stops partially at the through-holes § as the activatable matenal 2 exdends dow
and nto the through-holes 6,

071 Filgure 3B llustrates a side view of the activaiable matenal of Figure 1B, The
golivatable matenal when activalted forms a more continuous bead along the article of
manufacture 4. The activalable materal 7 includes recesses 16 where the activatable
ratenal stopped at the holes in the pre-activation state. The expanded activatable material 2

forms a mechanical mteriock 8 with the plurality of holes 6.

(0072} Figure 4 ilustrates the activatable material 2 being applied to the article of
manufacture 4. The gctlivatable material 2 18 being forced through the holes 8 by the
application of pressure only,  The pressing forces the activalable material 2 though the
oiurality of holes 6 so that the activatable malanial 2 forms a mechanical interlock 8. The first
nolg has the activatable material 2 forced all of the way through the through-hiols 8 so that on

ane side the activalable materal extends around 12 the through-hole 6 and in another region
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the activatable matenial 2 stops 14 &t the through-noie & fomming a recess 16 in the aclivalable
materai.  The second through-hole lHusirales the achvalabie being forced fthrough the
through-holg 8 during the application process.

[0073] Figure § Hlustrates the effect of temperature and shear rate on the viscosity of the

LY
-

activatable material. Figure § shows that gs the shear rale increases the viscosily of the
activaiabie material decreases, The shear rate has a greater effect on the viscosity at lower
temperaiures than at higher temperatures.  As jHustrated, the viscoasity of the aclivatable

material at 110°C remains lingar; whereas, the visgosity of the activatable material at 85°C
a genaraily exponential curve.
FO0741 Any numerical values recited herein inciude all values from the lowesr value 1o the
upner valug m increments of one unit provided that there is a separation of af least 2 unils
betwean any lowear value and any higher value. As an example, it il s stated thal the amount
of a componant or a value of a process variable such ag, for example, lempearaturs, pressurs,
tima and the like is, fov example, from 1 1o 80, preferably from 20 10 80, more preferably from
30 10 7O # s intended thal values such as 15 to 85, 22 o 88, 43 o 571, 30 1o 32 elg, arg
expressly enumerated in this specification. For values which are less than one, one unil is
considerad to be 0.0001, G.001, 0.01 or 0.1 as appropriate. Thesa are only examplas of what
i3 specifically intended and all possible combinations of numerical values between the lowest
value and the highest valug anumeratad are o be considered tn be expressly siated in this

apphication in g smiar manner. A3 can be sean, the raching of amounts expressseq as "pars

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

weight. Thus, an expression in the Detated Descnption of the Teachings of & range in {erms
of al X' parts by weight of the resulting polyniarie bland composttion” also comtempliates a
fpaching of ranges of same recited amount of "< i percent by weight of the resulling
potymenc dend composfion.”

IOa78] Unless otherwise stated, all ranges includs both endpaints and all numbers between

L

the endpoiris. The use of "about” or "agpproximalely” in connection with a rangs applies ©
bhoth endds of the range. Thus, "about 20 1o 307 15 intended o cover “abwut 20 1o about 307,
inciusive of at least the speciiad endpoinis.

{G078) The disclosures of all artivles and references, including patent applications and
publications, are incorporated by reference for all purposes. The term "consisting sasentially
ot (o gescribe a cambination shail include the elements, ingrediants, components o steps
identitied, and such other elements ingredients, componeants or steps that do not materially
affect the basic and novel characlenstics of the combinalion. The usse of the {emms
TCOMPHSINGT Of "ira:;::iix.szaziiin-g"‘ o describg combinations of slemants, ingredients, compansms o
sieps heremy alse contemplates smbodiments  that consist sssentially of the elaments,

ingredients, components or steps. By use of the term "may’ heren, it s intended that any

18
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described alivthules that "may be ncluded are optional.

{3077 Plural slements, ingrediants, componamnts of steps can be provided by @ single

4

integrated slemeant, ingredient, component or stap, Allematively, a single integrated element,
ngrediant, componant or slep nmught be divided inte separate plural sdements, ngredianis,
componants of steps. the disclosure of & oF "ong” {0 descrine an alsment, ngredient,
f;:ampon-ent o step s not Mended o foreciose additional slements, ngrediants, componanis
of steps. All references herein © glemeants or metals belonging to a certain Group refer o the
Periodic Table of the tlemenis published and copyrighied by GRO Press, Ing., 18988, Any
refarence to the Group or Grouns shall be (o the Group or Groups as reflected in this Perjodic
Tabie of the Elaments using the IUPAD system for numbering groups.

[GO7RT s undersiood that the above descnplion 8 infended © be illusirative and not
restrictive. Many embodimenis as wal as many applications besides the examples provided
witl be apparent ©© those of skill in the art upon reading the above description. The soope of
the teachings should, therefore, be determinad nol with referare (o the above desgriphion,
but should instead be determined with referance o the appended claims, along with the full
seope of eqguivalenis o which such claime are entifled. The disclosures of alt arlicles and
refErances, inciuding patent applications and publications, arg incorporated by referance for
A purposes. the omission i (he folowing claims of any aspect of subjec! mabier that 1

disclosed herein 18 nol a disclamer of such subiect matter, nor should # be regarded thal the

invents did not considar such subject malter 1o be part of the disclosed inventive aubject
IIZZIZIZZIZZILZ..ZZIZIIIIIZIiﬁiﬁ{féff{él%!ZIIZ:IIIIIIIII.IIIZ:I..IIIII.:I.IIL.I:.IIZIIZIIII:II:ZILZI.:ZIIZIIZ.’.’II:II:.’IZZI:Z::Z::.’:IZIIIIII:II.IIIZZII.:.IIII:fIIII.III.IL:..:'III.IIIIIIII:.IIII::ZIIZ::II.Z:.IIIIIZZI:I.',’ZI:ILZZ.'II:IILZZ.III:Z:.I::IIIILIIIIZIIII.IIIIII..II.II.II:II:
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1. -Amaterial -comprising;
- o :;,a:-.pre;_,.agtivangn state, and "theimateria! 'inﬁthe'-pre'-.activai‘ion state 3inci'Udes‘-

E-_-percent by welght _‘ |
wsc:osnty of about 100 Pa‘s or hngher at a temperature at |
| wherem the mater udi in the preaacﬂvatlon state flows at a pressure.
=N ‘rof about 1.5 x-10° Pa or more through an orifice of -an applicator so that
~ the material moves through & ;plu.raht_y, of through holes. in .an article of
;man ufacture, a‘ﬂd"'iiihe~-.maier?al' ~cohf0rms to -the«.‘one or '-rhm'e-ithrou-gh -hbles

.....
-----

uuuuuuu

__ih@!wgb,

2. The material of claim 1, wherein the viscosity of tfh.a-.;mafte.r.i’a'l"ih*tha pre-aclivation

~ state is low enough that the materoal will not flew unﬁess sublected toa presqur@ hzgher; :
j-than atmospharac pressum. R .' ..... e | R
-3, The material 'of“'ieith'e:rzsof claim 1-or'claim 2, wherein the material is activatable '
and includes both ‘an impact’ modlf;er and the épaxy resin, the. SpOXY I resin belng both a T e,

.........

.solid epoxy andallqurd epaxy e " et e ,,,,,,,,,,,

...............

4 . An article of 'manUfadtur'e for .-fa-Ss:emabiy into: an automotzve vehicl@ compnsmg
o ‘the material-of any-of claims 1 through 3, o

, wherein ‘the material is applied directly to. the article of manufacture by the ...
| .ap-pli%ca*tor'- as a continuous: bead that -ex'tehds -at least --p&ﬁiﬂiiy ralon-‘g the article of . ...

- -
vvvvvvvvvvv
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............................
..................................

uuuuuuuuuuu
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» “ = v - - . . . . v L]
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. . v e » . . . s = - DY . L . - L . - . . LI L . . . . .- * *
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forming .a mechanical interlock with the plurality of -through holes. in ‘the article of
‘manufacture s the material is forced through the plurality. of th rough holes in the article
of manufacture so that the matenal res:stq bemg pull~througﬁ the piur&hty of through

uuuuuu

f:holeb, and

- wherein the material spans between the plurality-of through-holes.

5. The article of manufacture: of claim 4, wherein the activatable material ‘and the
article of manufacture are freg of any mechanical fasteners that f:xedly ronnect the

~~~~~

- ;.actwatable matcrlal to the arhc!e of manufacture. . T

---------

 created samultaneousiy as the acwatable material is applled to the aa‘tlcle of

6. The method- of any of claims 12 through 19 wherefn the meachanical interlock is.

| %;manlufacture

7. The. article of manufacture of any of claims 4 through ‘5, wherein the contmuous'
| .bead has a drametar in theJargest. dvmensmn of. between about 2 mm 'to Smm.. ..

8. The article of manufacture of any -of claims 4 through 5 and 7, wherein the.-

} matenal in its pre-activation state, is dry to.the touch,

-4, ’ Tha article of manufacture of any of claims 4 through &and 7 through 8, wherein

tne materlal inits pre-activation state, is tacky ------ R R L L

10. - The article of manufacture of any of claims 4 through 5'and 7 through 9, wherein-
the material ' when activated expands and hardens so that the material adheres; baffles; T
- 'seals; reduces: noise, Eflblfﬁl;.j@n;-am:!fm,:ha..r..shness';_.:‘rennfq.rgegg;qr;:,s,,ggm;b;natpn thereof, .~ ..

uuuuuuuuuuuu

11, The article of manufacture. of ‘any of claims 4 through 5, ‘and. 7 through. 10,
-wherein the. material changes size: after the material is forced through the plurality of
thmugh holes so that the material resists bemg pulled bhack through the plurallty of

""""""""""""""""""

.
"""""""""""""""""

v
.
---------------
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----------
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SUBSTITUED PAGE
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o2, A method comprising: -
A prcmdmg an.arlicle of manuiactuxe that mcludes a plurahty of througah

------------

nnnnn

hales ,
j--b;. prowdlng the material of any of claims 1 through 3 to'an applicator;

C. applymg the material to the article of manufacture ina contlnuous bead
that spans.between the plurality of through holes; ' ‘

-d. foreing the ‘matarial ‘through. the plurality -of through holes so that a
‘mechanical mterlack s formed between the aﬁacl‘e ct manufactu re. and ahe

rna'tena! and
ev curmg the matenaf L T

13.. ‘The method of claim 12, wherein -‘fh-e ‘applicator-is a mini applicator and the

'. agtivatable matenan is applled directly. to: the artlcle of manufacture usmg xm minj )
| appl:cator* | o A -

'.  ‘'wherein the actwatable material and the ‘article of manufacture are free of any. :
'. mecham-cal fasteners that hxedly connact the matenal 10 the artrcle of manufacture o

-----

| 14 | 'The method of ‘any-foftﬂaims’ 12 'thmugh 13, -fur%the‘r i?hdudi'ng ‘the‘“-step.df-f’adjusting

((((

man ufaatum

’5 The method of any of claims 12 through 14, further including the step of adjusting.
- the pressure. apphed to.the materrai durjng the step of ‘applying th@ matenal to tm-

a,rtacle of manuiacture |

-----

. v v .

16 | The method any of ciaims 12 through 15; wherem tha matenal ns cured by

|||||||

ex;nosure to UV llght

.........

17.  The method of any of claims 8, 15 and 17 through 20, wherein the article of =~ -

--------

................

manufacture includes rosettes around the plurality of through holes so that as the

. . .
------------------------
. v v

llllllllllll
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18, © The: mathod of any 0‘! ciasms 12 through 17, wherem the method mcludes the

steps of

'. ,.i__-). - measurmg ona or more system COI‘IdttIOI’iS dunng applzcatlon of |

the: matenal

i) adjusting an orifice-size of the applicator during application of the
. ‘material based upon one or more.of the measured system.conditions; and
) adjusting the temperature of the applicator during application of

-the.materlal based upon one or more of the measured system conditions.

-----

19 - The methoci of any of clalms 12 thrc}ugh 18, wherem the method mc udes the

steps of:
i'ad;ustimg--the. speed of the applic-ator;"theaiamt:le ‘of manufacture, or both 50

that the volume of the material forced thmugh tha through holes IS vaned the size af'

the matena! is varied,.or both;
|  wherein the measured system cond:’ﬂam are termperature, wscoslty, shear

-----
------

rate pressure Grac:.ombmatfon thereof Sl

20. " “The article of manufacture.of any of claims 4 through 11, wherein the plurality of

through holes in the article of manufacture include roseties so that as:the activatable
‘material is forced through the through. holes the activatable material becomes
intertwined in the rosettes and self-anchors the activatable material,

.................
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