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5,6 on“application o I's silicone rubber composition t
subst r atpdgnar sur€adei Hihke pattern adopted by the fluid elastomer thread may be controlled using

automated equipment, programmed according to selected coordinates to provide a gasket
having a desired shape. After forming to a desired gasket pattern, the fluid elastomer
thread may be cured, either at ambient temperéture or in an oven, with or without

20  accelerators or other additives.

Fluid elastomer compositions, suitable for form-in-place gaskets, include
condensation-reaction curing silicone rubbers and addition-reaction curing silicone
rubbers. These compositions have viscosities suitable for application using robot
applicators which apply a sealing bead of material to at least one surface of at least one of

25  the joining members. According to U.S. patents 4,643,863 and 4,643,864, fluid
elastomers, suitable for controlled automated dispensing from a nozzle, include
polyurethane, monocomponent or bicomponent silicone, and even polyvinylchloride
compositions. An apparent disadvantage, of previously cited, nozzle-dispensed materials,
is the need to provide support for the extruded bead of fluid elastomer. This problem was

30 overcome with the development of a silicone rubber composition described in U.S. patent

5,684,110. Upon application of this silicone rubber composition to a substrate, it exhibits
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interesting form of gasket is the electromagnetic interference (EMI) shielding gasket. EMI

20  shielding gaskets perform the dual protective function of sealing cover assemblies and
enclosures to prevent ingress of contaminants and, at the same time, exerting control over
interference from electromagnetic energy. Protective sealants, effective in controlling
EMIL may be used as gaskets that typically require a flexible, elastomeric, rubber-like
matrix filled with a conductive material that is readily distributed throughout the flexible

25  matrix. The conductive material may take the form of particles, flakes or fibers having
intrinsic conductivity, or electrically conductive surface coatings. United States patent
5,641,438 discloses conductive sealant materials for application using form-in-place
methods, which accomplish accurate positioning of the sealant bead. Similar
compositions and methods are revealed in related published European applications, EP

30 0643551 and EP 0653552. Each reference describes EMI shielding sealant compositions,
consisting of two or more components, requiring storage in separate containers and mixing

just before applying and curing the gasket in place.
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Prefera require the dispensing of elastomer compositions using automated liquid dispensing
followed by in-place curing to soft, resilient gaskets, exhibiting moisture resistance,

20  minimal compression set, and adhesion to selected substrates. The elastomer composition,
before curing, should have sufficiently low viscosity to be readily dispensed. Curable
compositions may be prepared as one-part formulations that include a curative or as two-
part formulations requiring addition of a curative before curing. Regardless of the
components included in an uncured gasket composition, the curing process may be

25  initiated thermally, photonically, a combination of both, and/or, in the case of two part
formulations, by simply combining the parts under ambient conditions. Preferably
uncured formulations provide non-slumping dispensed beads of gasket material having
good dimensional stability, as applied, with essentially no change in shape or position
during and after curing.

30 For electronics grade cleanliness, properties of these elastomer compositions, after

curing, include low outgassing and low extractable ionics. These properties surpass those

of commercially available, silicone-based form-in-place gaskets which, as previously
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curing, e a conpression set from7%to 20% preferably from 10%to 20
15% a | evel of outgassing conponents from 10g/g to 45g/g, and a Shore A
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thixotropic non-silicone composition. The extrudable composition comprises, a liquid
polyolefin oligomer, a reactive diluent, a thixotropic filler, and a curative. The form-in-
place gasket, after curing, has a compression set from 7% to 20%, preferably from 10% to
20  15%, a level of outgassing components from 10ug/g to 45ug/g, and a Shore A hardness
between 45 and 65, preferably between 50 and 60.
Definitions

The term “dispensable” means that low viscosity elastomer compositions may be

conveniently extruded from tubes, such as needles, attached to pressurized reservoirs, to
25  provide small diameter (~ 1 mm) beads of sealant following the contours of a required
gasket pattern.

The combination of terms “one-part, cure-in-place” refers to fluid elastomer
compositions containing a curative that responds to heat or actinic radiation to promote
crosslinking and curing of the one-part formulation, once dispensed onto its substrate.

30 The term “non-slumping” refers to the properties of an elastomer composition,

including yield stress and viscosity that deter sagging or slumping during dispensing and
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amount of material passing through an opening of fixed diameter under a fixed pressure

for a selected time interval. "Flowability" is expressed as the weight of material exiting
through the orifice during the time that pressure was applied.

20 The term "outgassing" relates to the collection of volatile components produced by
evacuation of cured non-silicone gasket compositions according to the present invention.
Established criteria require microgram (pg) quantities of volatile components for each

gram (g)of composition evaluated.

25 Detailed Description of the Invention
Dispensable elastomeric fonnulr;ltions, according to the present invention, provide
form-in-place gaskets designed for containers such as enclosures for hard disk drives.
Suitable elastomeric formulations may be applied to such containers using automated
liquid dispensing followed by in-place curing to soft, resilient gaskets, exhibiting moisture
30  resistance, minimal compression set, and adhesion to selected substrates. The primary use

for resilient gaskets, after curing is to provide sealed interfaces between surfaces of
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Shore A durometer values from 45 to 65, preferably from 50 to 60 to enable full closure

with a reasonable amount of force. To accommodate the possible use of electronic
20  assemblies in differing climatic regions, cured gaskets, according to the present invention,
maintain their elastomeric properties over a temperature range extending from -40°C to
100°C. The possibility of re-entry into the container, for re-work, requires that the cured
gasket has a low permanent compression set. Suitable form-in-place gasket formulations
exist in a range, of permanent compression set, from 7% to 20% of the original deflection,
25  measured by ASTM D395B. Low values of permanent compression set assure the
resiliency of the gasket material for maintaining an adequate seal during the lifetime of the
container and facilitating gasket reuse if the container is reopened for rework of protected
electronic assemblies.
While mechanical force increases the contact between a cured gasket and surfaces
30  ofthe container, the physical properties of the gasket itself also prevent access of
environmental contaminants, such as moisture vapor, into the container. A key property is

hydrophobicity that may be attributed to the use of a liquid prepolymer that includes an
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f or kbr riosiulations typichldy refaira ginedgineesredppprorsnatay twa dewts ag L eXR} iArkidisonal o

requi renent of electronics manufacturers articul ar in the hard disk
drive i nf&ﬁ‘é“t“r%}?%?ﬁﬁa%sﬂ%g @ Q95E Cirda° (::jbéﬂsfﬁg{c’%essha{gﬁ#ﬁﬁy%t ain mininal anounts
of inpuriti esF@rptivAnapéif@neABPRNEdEnatea sfslicaiOn ffofomih-placegaskeypi cal | y
require cure tines of approximately two hours at 160C.. Additjaonal .

reduct i oprefstrabdyipesasssiahplanga obpronertips. aUacysed gaskaldorpilgtiansshapldde iqwid ng.  For

opti nmum f i i i i I %.1.1= Dl gasket s
prefer ab&@ﬁ Bg(gvggg%?%l ﬁ%‘%ﬁﬂf@rgg %@%’SZ@B #e)s% ﬂe}ﬂﬁ%ﬂ F élg Sig@??%@ a?t g{rsrrul ations
should béispensing o naaihfairnthk chaperad dimsriskae of b yeleaed gaskyt ghtepensfierg, yet
remai n non-slunping, after 15 di spensi n(%, to .naia:ﬂ%: n t.he shape %nd

di mensi ofi&ings so4ingssy IEPItey AQK £OMBLepTieR 7 adiaiimal puigagsing groIREEed.
proper ti g3y e PN GOARAERTHhO In&Ela ard el SUER! o AHEGASSH BAtANS rEIRGH T ed.
Property agj st r]nant I'n the uncured and cured state is a function of

r eact ant soichiein@triy\od reactants, concentration and type of filler and curing conditions. Low

filler concentrations favor lower viscosity formulations for improved dispensability.

20  Unfortunately, formulations with insufficient filler amounts typically result in gasket
beads that slump excessively after being dispensed. Softer materials can also be obtained
by making the matrix resin softer. However, softening the matrix resin material usually
leads to some sacrifice in compression set. Each property may vary depending upon
material selection and stoichiometry, filler type and concentration, and conditions used for

25  crosslinking a formulation to yield the cured gasket. The balance of properties will vary in
response to the specific requirements of a given application for form-in-place gaskets.
Custom formulating becomes an essential task for satisfying the many applications for
gasket formulations according to the present invention.

Considering the need to provide custom, application-specific formulations, the

30 focus of the present invention is form-in-place gaskets as seals for containers of hard disk

drive assemblies. The properties of gasket formulations, suitable for use with hard disk

drive containers, include good sag resistance of uncured material after being dispensed,

7



stoichionetry of reactants, concentration and type of filler and curing
conditions. Low filler concentrations favor |ower viscosity fornulations
for inproved/disspensability. 20 Unfortunately, fornulati oP€TAREIN9941
insufficient filler amounts typically result in gasket beads that slunp
excessively after being dispensed. Softer materials can al so be obtai ned

by making the matrix resin softer. However, softening the matrix resin

mat eri al Id¥s t@hprgssibresdsrebdy coamn@essitdlifyfwidendrmal clopure $sicey) ssigtantiach property
may vary dependi ng upon nater] al Egllgg,cti on and stoichionetry, filler type

and conc &ReFoat fiopt compamiparia adEred agkgionde tgetptacssi drbled @%WBFW%H on to
yield thﬁo‘b\éﬁ%@ 353K ed gﬁﬁﬁepgdrﬁlﬂ&ﬁoﬂi usRfi FRET Hae @ RisWidkilve ¥BEinkR ThESPONSE to

the specifrc requirenent§ o gi'ven application for formin-place gaskets.
Cust om f dormulzions gdizec oel so alnnesseahd sthinteas kteglpwhiatklsbitinggndisteremany

applications for . gasket . fornul ations according_to the present invention.
Consi der FHFIATRE THEL®™ BOREE VAR TFEERRY a%ﬁa}ﬁreﬂgﬁqr&ﬁ-eg}s’é@w?@fssﬁm| ations,

the 30 focus gfiid1e1iRNiAABbmRY BiRhde BullstantiafiPlihSr RoBetriaskel & 1asopgal s for
cont ai ners of hard disk rive assenblies. e properties of gasket

f or mul at commeragallyt avafleble epoxidiecdKrdtonh fpad SHeHkChedrical Comapangi Aéissiual ncl ude

good sag .resi stangce uncured materjal afte i ng, di spense WO

0o 48534 THERPIRBTROLSICIE R ot arppLehin uiFlonP o s BRLEE A 1) wi ¢
normal  cligsubalitPhcate en&lalﬁﬁtaﬁiﬂ&lﬁ?ﬂe eli&xi@ﬁe@ﬁmfy{s_@meﬁ@ RirRAbAANY 8t theBthego0d
adhesion to target surfaces. Table shows typical properties for

pref &9 r edndya exible mliphaticarestiesiaepais {w tearngratisidlegitiliy asovillddsners. The
formul ations _adher e I 0..al uni pu ikhl e el.. i i biting
o R M R PR Bt Sl B BEOLE
an envir giamaibal seal. Suitable liquid oligoners, include substantially

| i near pol yol efins such as L 207, a commercially avail abl e epoxi di zed
Kraton from SRefereharingazeasmsaordngtatle rrgsant invgpidan, sreaiqpdahgdetes,

2t one. oA e B R R - PRl n bR T 2 e
ot het5 10 sexwihate)dpdet @i bheeimt ayhdtitde (PDSA);ancthpipatrilsydreophtheliparytiide
o S e bl Sl v
rocor il RssalhybBsg e s Es, (Rl b 1 rom
anhydride grafted polybutadiene (available from Ricon Chemicals) may also be used as a
curing agent.
20 Addition of a reactive diluent, such as PRIPOL 2033, a polyolefin diol, reduces
viscosity of the overall formulation and also maintains performance properties by reacting
into the network structure. Other reactive diluents include hydroxyl functional
compounds, such as hydroxyl terminated poly(ethylene/butylene), available as L-2203
from Shell Chemical; hydroxyl terminated polybutadiene resin available as R-20LM from
25  EIf Atochem; low viscosity epoxy functional compounds, such as diglycidyl ether of 1,4-
butanediol available as HELOXY MODIFIER 67 from Shell Chemical; and diglycidyl
ether of neopentyl glycol available as HELOXY MODIFIER 68 from Shell Chemical.
Preferably, non-slumping form-in-place gasket formulations include filler particles
known to produce thixotropic materials. After dispensing in a pre-determined pattern,
30 these filled formulations maintain their profile and dimensions through thermal curing.
Suitable fillers according to the present invention include clays, a variety of forms of

silica, depending upon particle size and surface treatment, and organic fillers such as

8



15 succinate); dodecenyl succinic anhydride (DDSA); nethyl

t et rahydr o- pht hal i ¢ anhydride (MIHPA);

nmet hyl - 5worbesene- 2, 3, - di car boxyl i ¢ anhydri de (AC net hyl PCT/US01/09941

met hyl hexahydr o- pht hal i ¢ anhydri de (MHHPA) and conbi nations thereof. Liquid
mal ei ¢ anhydride grafted pol ybutadi ene (available from R con Chem cal s)
may al so be used as a curing agent. 20 Addition of a reactive diluent,
such as @HuPEE, 2688 0il avagphydbpayimiddicontainingiiilders Partiseletsi fillersfimpiréngver al |

formul at} on, and .al i ntain erf grmanc oper.ti.es by, r.eact.i into the
net wor k LERUEPriaclds el gk PE wcadnt D1tk Pt R DuPe TR el onal
CONPOUNdAEREISTD R@?fzmmmmbsmR@ﬂ@ma@@lhm@%mmg@ésbymWM 7gai | abl e
as L-2203 from Shell Chenical; hydroxyl term nate gol ybut adi ene resin

avai | abl @l0asndCAR-NrcH5ZE0 froth aadleble mont GobatiCsensi Pipfapsajassiridonal
oy Eepart e g M F e o eat i athe o5 EEIO

MODI FI ER em-<ca neopentyl gl ycol

avai | abl eOa9UIEBOXCHVERY 8 BPeafsd)r o BURNTEXCHS aiso abntriBugftetlakbtyopy.
non- sl unpi ng, formin-pl ace gasket formulatiaons include filler particles
known t of Wpeshiikeasigspsatly srpreseneihe most mrefepped dillersalihangh s is sogewhat

pre- det efm 30 these filled fornmulations maintain their profile
and di m%@lg%goﬁﬁ%%ggﬂﬂt hermal curing. Suitable fillers according to the

present i nvenDptimumnbealdgical myHrmanceaxewat withfprémmr mispefsionseflthefillerdependi ng

upon particle size and, surface eatnment, and organi.c fillerg such as 8 WD

02/ 48584 Wqﬁ&mﬁg@wg le@qnvgﬁéég?ﬂ%-a o Ba%F f%e;eas?@fla% approach an

pol yam d@ptﬁﬂgﬁ Haft teg)r(gdl%cle Selteri %ﬁdneweagssl&tsltharmd {RRQApd Wier ¢ hi X0t ropy,
med silica, c I ack

i nclude fu ay, and carbon . Suirtable ti'nned silicas
i ncl ude digFeREBE L HRS1 sheanmixiAFROSdrmREGHELy (dxstupt the aétivabl strfatwmobigussa) ;

CAB-O-SIL. T 610: . d CAB- Sl T 5720 (both i.l abl f Cahot Corp.).
oror or v euiierap Torich St Rl fost of dage bR s RET HuRPyh lE’q o P
Product sgaskatiieady. A &ftSheas weikerd8dudePE o BleNIS ainlBuDesdEpRoferrénfbr PRI NTEX

55 also contribute to thixotropy. Funed silicas generally represent the
nost15pr efreparing foimpletiensaceordingtiotthd gresont wyemticiat  f or mul at i on dependent .

Opt i mum r heol 9qi cal rformance occurs..w th di Sl f_the

fler 10 SAOAFCeRRRIEYoRED BoF PR hrarry BrBRe e o8t Sl oply

f or mul at §i@nsle ARPERAGHRs BidludeRind 8] SkadnateZAH o) g@c iBbddchadatd, @ncuncur ed

gaskets that hold their shape after
undecylenate, and zinc stearate (ZnSt).

Details of form-in-place gasket formulations, disclosed herein, are merely
20 exemplary of the invention that may be subject to other variations that also depend upon

the introduction of charécteristics, such as improved vibration dampening, thermal
cycling, low outgassing etc. to liquid polymers having a flexible backbone and terminal
reactive functionality. Additional advantages and modifications will readily occur to those
skilled in the art. Accordingly, various modifications may be made without departing from

25  the spirit or scope of the general inventive concept as defined by the appended claims and

their equivalents.

Material Descriptions

L.207 - Epoxy functional olefin available from Shell Chemical Company. Its

30  structure includes an epoxy functional end group separated from a primary hydroxyl

functionality by a poly(ethylene/butylene) backbone. 1207 has an epoxy equivalent
weight (EEW) of 590 and a hydroxyl equivalent weight of 6,600.
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di spensi ng. H gh shear m xing can permanently disrupt the network structure
of the thixotropic particles with resultant |oss of shape by increased

sl unpi ng voo ozlasspensed gasket beads. A | ow shear m xer rePOT@SOW(H4H probl em
to amninmnum and is preferred for 15 preparing formul ations according to
the present invention. Zinc catal ysts have been used successfully to

catal yze the anhydri de-epoxy cure. Suitable zinc catalysts include zinc

et hyl hexanoaPRIKQGIREXI, a dindEdidedtdcianaaties ad hp¢roxynépivil@nateizht and zi nc
stearateg&ZnSt) Details of formin-place gasket fornulations, disclosed
herein, GPBWe£e7$ 20 exenplary of the invention that may be subject to

ot her vari ati

characteri sti ggﬁ Oé Béz%h@ﬁ?ﬁgﬁgbglawg@&h&%ﬁdgﬂ%&%rgﬁgx%lﬂgﬁglﬁrdroryl cycling,

| ow out gmvaimt@&edghttocﬁl?@(qaﬂ shppbéd/beslsel h@hvdnmigaladCdrheanybl e backbone and

term pal reactjyve. fun t|on Iltg d%htlonal advang es_and nodi fications
will teadily %ﬁlstad’ Ryleng glypl g1 (dpdecmylgceinatg %Lﬂ@qaylncvarl ous

modi f i cat i onspTYA P@Emﬂ@s Y §Ritn aﬁlﬁﬁ%ﬁé myaﬁemaﬁfm h%sépa\rauamerﬁoﬁ?ope of

t he general inventive concept as defined by the appended clains and their
equi val eMiBiken@hemical. Descri ptions L207 - Epoxy funct| onal ol efin avail able

end gr oup sepaVAURa if PR SrdcTarse iyt DY srCheditbnar ity by &

pol y(et hyl enefhidtawdapAe)Z3RFKROBiab1d- 260 ABSASHAr QQPZMCQQ&hYEE)@dﬁbate‘i\@' ght
(EEW of 590 and a hydroxyl equival ent weight of 6,600. .9 WO 02/48584

PCT/UBOlﬂmlghl@franSFrom@mcala di mer diol (Unichema), has an hydroxyl

equi val ent We 78 2 rox f uncti-qnal
pal'y( ot hyl encfat iR aRE At BB O PGS 1700 as

suppl i ed by SheII Chem cal Conpany. 5 AC-39 is a pol ypropyl ene gl ycol
di (dodecenyl succi nate) from Lonza I nc. DDSA (AEW 266) is dodecenyl succinic

anhydride (MW. - 350) avaviabl e al pskef Reopetieani cal . BYKO52 is an
R T A A e R S I R

Compression Set 7% to 20% ASTM D395B

Hardness (Shore A) 45-65 Shore A Durometer
Total Outgassing 10pg/g to 45 ng/g GC/Mass Spec.
Flowability (g) 0.24 to 0.42 Fixed Time and Pressure
Dispensing
Aspect Ratio 0.50t0 0.90 Cross Section Analysis
Tg -40°C to - 46°C DSC
Form-In-Place-Gasket Material Compounding
15 Raw materials were mixed together in a double planetary vacuum mixer. After

mixing was completed, the material was discharged into 30 cc syringes and stored in a
freezer at a temperature of -40°C until needed. Prior to using material from a syringe, the

frozen material was thawed at room temperature for about two hours.

20  Experimental Methods

Description of ASTM D3958B

Cylindrical disc specimens with a thickness of approximately 6 mm and a diameter

of 13 mm are compressed 25% of the original thickness and held at that compressed
10



10 avail able from Strem Chem cals. R805 is a hydrophobic treated funed
silica avail able from Degussa-Huls. Table 1. - Typical Gasket Properties
Property Wabuesgest Met hod Conpression Set 7% to 20% ASTRCDBS@B99IHar dness
(Shore A) 45-65 Shore A Duroneter Total Qutgassing 10g/g to 45 .tg/g

GC/ Mass Spec. Flowability (g) 0.24 to 0.42 Fixed Tinme and Pressure

Di spensing Aspect Ratio 0.50 to 0.90 Cross Section Analysis Tg - 40Cto -
46C DSC thiekibasl et edcero@s isbitesVbseudi togetiiap b béinp@sddd sRaylayaietheal s wer e
m xed together in a double planetary vacuum mxer. After. . m xing was

conpl et eBlacedis apwven plaf0°Gefer 4 Sewar §digr pormpletiee e hegtqongibioningdthst ored in a
freezer ghndlod RERGRRUMIE RingRl GoifiblooRBRAGHn oBhly Lty iRk ggaterial from
a syringe, e rozen naterial was tha at room t'enperature for about

t wo hour squiifratexap evdnmrenimrativet fho tl howDesar nphswmgdthe ASTIMhIOBASR Thei ndri cal

di sc specinens. . with,a thickpess of approxijately 6 and iameter of 13
m ari ngrgﬁw%@gai;pﬁqtﬂa 1P QPWS‘B%W)?&E%%‘%@X%?&?Q%W@ Ed Oﬁ‘ﬁ%ﬁ: conpr essed
10 WO 02£4858¢0 FGTLWRRMARRAbess N GharampRehgasssi wo flat plates, bolted
toget her. The conpressed sanples are then placed in an oven at 70C for 70
hours. After (@mghdtsampletthiwkhess) - Comairedsedhsamgple theknessimpkst sssenbdly)nmedi at el y
renoved fromthe conpression assenbly and allowed to equilibrate at room
tenperature for 1 hour before neasuring the final thickness. The 5

conpr esspREr®Ebn bBSEdt WHatddssas t he percentage of the original deflection
as follows: O ginal sanpl e thicknessL- (final sanple thickness)

C =
(oilfinal sa mplt(eﬁw' retbigkness 066 mpn sseidsied hy hardnestknsgsg p Fhessh

assenbly ipti f. Sh Har dness 10 Sanples with a thickness of 6
nm wer e %gg@%%?%eg%rﬁgﬂgﬁletgs%p%a% ng a Shore A

Description of Qutgassing TM

Cured samples were outgassed using a dynamic headspace oven apparatus at 85°C
15  for 3 hours. The collected volatiles were analyzed using thermal desorption gas

chromatography interfaced with a mass spectrometer detector.

Flowability Testing

The flowability of a material, as used herein, measures the amount of material
20 output under a fixed pressure and time interval, through an opening of fixed diameter.
Flowability of uncured formulations was evaluated using an EFD 1500 Dispenser with
time and pressure control. Material was dispensed from a 30cc reservoir (syringe), through
an orifice (needle tip 14tt from EFD) having a diameter of 1.6 mm(0.063 inch). A pressure
of 413.4 Kpascals (60 psi) was applied to the reservoir for a duration of 20 seconds. The

25  weight of material passing through the orifice under pressure was recorded.

Description of Tg method

The glass transition temperature (Tg) of cured specimens was determined using a
differential scanning calorimeter (DSC). The Tg was selected as the midpoint in the
30 transition region between the glass and rubbery temperature regions in the DSC heating

scarnmn.
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duroneter tester at roomtenperature. Description of Qut gassing TM Cured
sanpl es were outgassed using a dynam c headspace oven apparatus at 85C 15
for 3 howa@o2/44%84 col | ected vol atiles were anal yzed usi ng péawURaEl/09gasor pti on
gas chromatography interfaced with a nass spectroneter detector.

Fl owability Testing The flowability of a material, as used herein, neasures
t he am)unt of materl aI 20 out put under a fixed pressure and tinme interval,
t hrough & Pl ALAE o] Adinbysist er . FIovvablllty of uncuredforrrulatlons

| vt ed ED. 1500..Di th d trol .
Varer! uﬁai lat’lﬁ%ﬁﬂ?sﬁstﬁ By ioﬂatrapce%?e@%%?%%v"“ras PR e REE B R0 0 1 £ e
(needl e #idowldit bf £ €196a Bkt headithd had Bbéhftﬁit%hséafat th@mmrta@eél@@aﬁs h)y. A

pressure of 413.4 Kpascals (60 psi) was applied to the reservoir for a

dur at i onthepughar Kéicorase tirkk 6 2angprghs) %’Flﬂ#d@ &pmafFFI3akle sgingh o o helde
f |
ot nef 1 848D DTS £ ABERRIS e ERFRLOLALRoR PR IO e oo

di f f er en{0.20 insle/adti) Itm@lcﬁzat}&rheﬁ&bEma(eﬁiSﬁ)o geftie fé[glpmsths sisotedTias t he
m dpoint in the 30 transition regign between the | ass_and r.ubbery

t enper at Siseensedpsdavasihemaresset 1903 if?thW°§E’&FF Agsmahyepsth A ttszb ep@:‘rra@so 1/ 09941
Descri pt I i gg(ﬁQ di spensed
gasket mglgﬂggéegézlg? gtfgﬁn%ISQ%WéM? ﬁzcr#& %%Alﬁlw%&ﬁ:due?gd gasket
bead t hamidrastopetnmelisseths beadalieidlit3nd wlfqhhs’ﬁlad a‘:spécﬁ@atprsw)ls de¢thmaneghby 14t t

syrl e 1 eni.n vai | ahl e from EFD. The syringe tip was held 5
é‘ &7}&%@%?‘5 bé’g[é%gg‘”’tadlr‘ﬁ ‘whil e the syringe was slowy noved at
50m’dsec (0. 20|nch/sec) to allow the bead of naterial to gently fall

upon the substrate The dispensed bead was then cured at 160C for two
hour s. ‘I-,'liwishﬂa: atb phgninien sliced with a razor bl ade to

bt \ d_und
Che bead ﬁéf’;ﬁt S sgenn e LoD e iiege o sppR IR BT 8efr vi i ng
t he beadghebghtrBymhtBBaltRBfecM dihinunDRR6iiicRt Wi tﬁlfclat@@es%f&)aﬁ MAeh@i2an to

Al um num
15  inch) . The thickness of the FIPG material was approximately 1.14 mm (0.045 inch). Lap-

shear specimens were tested on an Instron tensile tester at a separation rate of 1.27

mm/minute (0.05 inch/minute).
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Lap- shear adhesion (ASTM D1002) was eval uated by curing the formin-place-
gasket (FIPG material between alum num specinens with thicknesses of 0.53
nm (0. 02wWOo aB4458¢ch) . The thickness of the FIPG materi al waeT/approgiimat el y
1.14 nm (0.045 inch). Lap- shear specinmens were tested on an Instron
tensile tester at a separation rate of 1.27 mm mnute (0.05 inch/mnute).
12 WO 02/ 48584 PCT/ US01/09941 Table 2 - Fornul ation Exanples 1-6 Materi al
123456 L-207 54.8 55.8 59.4 60.0 60.6 60.9 AC-39 18.3 24.6 - - - -
DDSA 12.2 - 18.3 16.5 18. 11522 ) 95 EE% ) ? 81_(;1_0. 8 11.0 11.0 PRI POL
2033 - 9.5 12.2 12.0 9.1 . : : : ~9-0.6 ZnHex - - - 0.6 -
BYK-052] 0. 14&rih1 0.1 0.4 0.1 021 5 Table B - gPropertses pf Fermul ation
Exanples _1-6 Property 1 213 4 5 6 Shore Har dnéss 52 0145 0 57{0 58.0
61.0 58, 0 Ic3fpressi o¥-Set| 1858 13. 7594. 6| 160D 7|7 U065 | FIPWAbi ity 0.25

N--2Q Dt

0.41 0. 4063462590 Aspect—Rat+o6—0-86—0-8410-—70—0-840-86—. 78 Tot al
out gassj ng };&L§3§9 23 Ix\‘,)g 21 %96-45 -7-40, - -45 146 " Lap| shear aghesion 47
- 41 - t ImpgRle 2 apdy Tapl e 3 priovigle Tlor nylsat ijongg accprdisiy tp the
present| invention and praoperties|desired of materials suitable for

form i n pl aB80yasket sl3.’Autjone?-bc di sPeénsi|ng 10&qui pnkh® npy bleOused to

hew oo e v annl .

provi de ﬁﬁfb(?]':dgf@ mog—gasket bggds cuifb‘l € b)iszpp. f C@?li ot of12.210 heat. 13

ZnSt 0.9 0.6 0.3 | 0.9 0.6
ZnHex - - - 0.6 - -
BYK-052 0.1 0.1 0.1 0.1 0.1 0.1
5 Table3 - Properties of Formulation Examples 1-6
Property 1 2 3 4 5 6
Shore A Hardness 52.0 45.0 57.0 58.0 61.0 58.0
Compression Set 18.4 13.7 13.6 10.7 7.7 11.5
Flowability 0.25 0.41 0.40 0.34 0.25 0.28
Aspect Ratio 0.86 0.84 0.70 0.84 0.80 0.78
Total outgassing 13 39 23 - 32 21
Tg -45 - -40 - -45 -46
Lap shear adhesion 47 - 41 - - 15

Table 2 and Table 3 provide formulations according to the present invention and
properties desired of materials suitable for form-in-place gaskets. Automatic dispensing
equipment may be used to provide non-slumping gasket beads curable by application of

10 heat.
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WO 02/ 48584 PCT/ US01/ 09941 Table 4 - Conparative Exanples Cl1-C4 Materi al
Cl C2 C3 C4 L-207 54.8 58.3 60.0 62.4 DDSA 18.3 17.5 18.3 12.2 R805 11.3
10. 2 12. vQ 0848I PCL 2033 15.2 - 9.1 15.2 L-2203 - 13.1 PCFURNBMY9Q. 3 - 0.3
0.3 ZnHex - 0.9 - BYK-052 0.1 0.1 0.1 0.1 Table 5 - Properties of
Conparative Exanples O -C4 Property  C2 C3 C4 Shore A Hardness 47.0 59.0
64.0 41.0 Conpression Set 28.6 11.6 8.3 39.3 Flowability 0.37 0.37 0.25
0.34 Aspect Ratio 0.83 0.28 0. 88 0.78 Total outgassing 31 44 93 18 Tg - -
-46 -44 Lap shear adhesj onpar ati ve Exanpl es
C5-C8 Material C5 C6 CA€ O 64 SR 6—8 DDSA 15.2 12.2 18.2
10.0 BUbl\,ﬁéI{alz 2 TIcg 12]3 P@QPU_ 405@39.1 9 I¢c4- ZnSt 0.3 1.5 0.7 0.8

BYK- 052 0. .1 0.1 0.1 14 WO 02/48584 PCT/ US01/09941
L 207 54.8 58.3 60.0 62.4
DDSA 18.3 17.5 18.3 12.2
R805 11.3 10.2 12.2 9.8
PRIPOL 2033 15.2 - 9.1 15.2
L-2203 - 13.1 - -
ZnSt 0.3 - 0.3 0.3
ZnHex - 0.9 - -
BYK-052 0.1 0.1 0.1 0.1

Table 5 - Properties of Comparative Examples C1-C4

Property C1 C2 C3 C4
Shore A Hardness 47.0 59.0 64.0 41.0
Compression Set 28.6 11.6 8.3 39.3
Flowability 0.37 0.37 0.25 0.34
Aspect Ratio 0.83 0.28 0.88 0.78

Total outgassing 31 44 93 18

Tg - - -46 -44

Lap shear adhesion - - 41 56

5
Table 6 - Comparative Examples C5-C8
Material C5 Cé C7 C8
L-207 63.0 64.9 69.9 76.8
DDSA 15.2 12.2 18.2 10.0
R805 12.2 12.2 11.2 12.3
PRIPOL 2033 9.1 9.1 - -
ZnSt 0.3 1.5 0.7 0.8
BYK-052 0.1 | 0.1 0.1 0.1
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Table 7

Properties of Conparative Exanples C5-C8 Property C5 C6 C7 C8

Shore A Hardness 66.0 64.0 62.0 64.0 Conpression Set 9.3 13.3 12.9 11.7
Fl owabi | w@op48584 0. 19 0. 22 0.16 Aspect Ratio 0.84 0.86 OrePUSIIABY41TOt al

out gassi

exanples for form
provi des the key to
to the present

ng 49 34 -

i nvert

i n-pl ace sealing gaskets
I

Tg -46 -44 Lap shear adhesion -
i ncl ude conparative exanpl es Cl1-C8 showi ng how certain properties,
falling outside of a desired range,

14 -

Tabl es 4-7

5 by

i npair the performance of these

A balance of properties

§

rials according
can provide

i ndi cat prs of potgRital TallLre<3§bnpar@%|ve exanpl es &8, , C6, C7 and
C8 have|Shore A Hardness val yes greater than 60. Such val ues are above the
10 prefprredSh@hQEHmwnd65|ratle66@m11Idﬁﬁ%ilitﬁlépp=a6§0as a characteristic
of conpa .ativ exaptes CSt—and whi+e—€2—CFant-€81 exhi bit | ow

val ues fo Ie%&ﬁﬁ%i Anothe#fg jlcg¢ r O?T%gor QQ;Q%t per formance is
shown by exanptgﬁﬁV and thab exniPid [elevated valgues of conpression
set. 15/ WD 02/48584 P%T/USOl/09941 Mat is clainedlis: 1./A formin-place
gasket JroduceﬂﬂuwthguautonatedOﬁMacqnﬁh%éfcllﬁﬂed oy 08%ri ng of a pattern
of a thixetrepte—rnon—siHicong—coppe g—eghprstrg—>5—a— i quid pol yol efin
ol i goner; a folal ouiRpesIRg | uent|; a‘lq’h ot ;'%p filler| and a|curative, said
forminyprace gaskgr, after quripg, havijag g coppressiqn set of 7%to 20%
a |l evel |of outgassing conponents of 10 g/g tlo 45 g/g and a| Shore A 10

har dness fr dmpshetradB&sior?. A |f or ;i n{ pl dde dasket according to claim1l
conpri stag—50—w—-%to—65—w—Yoof

10

Tables 4-7 include comparative examples C1-C8 showing how certain properties,

by falling outside of a desired range, impair the performance of these examples for form-

in-place sealing gaskets. A balance of properties provides the key to successful

performance of gasket materials according to the present invention. However, individual

properties can provide indicators of potential failure. Comparative examples C3, C5, C6,

C7 and C8 have Shore A Hardness values greater than 60. Such values are above the

preferred range. Undesirable low flowability appears as a characteristic of comparative

examples C6, C7 and C8 while C2, C7 and C8 exhibit low values for aspect ratio. Another

indicator of poor gasket performance is shown by examples C1, and C4 that exhibit

elevated values of compression set.

15



said liquid polyolefin oligomer 15 3. A formin-place gasket according to
claim1 conprising 7.5 wt.%to 15 wt.%of said reactive diluent. 4. A
formin- pr@aor4gsasket according to claim 1 conprising 8.0 RETAUSWINIIA. 0 wt . %
of said thixotropic filler 20 5. A formin-place gasket according to claim
1 wherein said thixotropic filler is a funed silica. 6. A non-silicone
conposition for formin-place gaskets conprising: 25 50 w.%to 65 wt. % of
a |iqui dvpnt sallgfed iwl i goner; 7.5 w.%to 15 w. % of a reactive diluent;
8.0 wt.%to 12.0 wt.%of a thixotropic filler; and a curative, said
non-silicone conposition, after curing, having a conpression set of 7%to

ﬁg(r%z:l N ZS ls ?¥ (ral) mnggﬂ#%ﬂ-%ﬁa%b %gsk%f)ﬁ%ﬁﬂ%tlﬁir%fau%&neﬂé(gplﬁgerﬁlerht %lﬁ)wéﬁooﬂlgin% ophore A
a pattern of a thixotropic non-silicone composition comprising:
5 a liquid polyolefin oligomer;
areactive diluent;
a thixotropic filler; and
a curative, said form-in-place gasket, after curing, having a compression set

of 7% to 20%, a level of outgassing components of 10 pug/gto 45 pg/g and a Shore A
10 hardness from 45 to 65.

2. A form-in-place gasket according to claim 1 comprising 50 wt.% to 65 wt.% of

said liquid polyolefin oligomer

15 3. A form-in-place gasket according to claim 1 comprising 7.5 wt.% to 15 wt.% of

said reactive diluent.

4. A form-in-place gasket according to claim 1 comprising 8.0 wt.% to 12.0 wt.% of
said thixotropic filler

20
5. A form-in-place gasket according to claim 1 wherein said thixotropic filler is a
fumed silica.
6. A non-silicone composition for form-in-place gaskets comprising:

25 50 wt.% to 65 wt.% of a liquid polyolefin oligomer;

7.5 wt.% to 15 wt.% of a reactive diluent;
8.0 wt.% to 12.0 wt.% of a thixotropic filler; and
a curative, said non-silicone composition, after curing, having a
compression set of 7% to 20%, a level of outgassing components of 10 ng/g to 45 pg/g
30  and a Shore A hardness from 45 to 65.
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