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Field This disclosure relates to gasket materials used for attaching and
seal i ng cwoern/msvdencl osures. More particularly, this diPstiussuonm24oad ates to
formin-place gaskets, applied to surfaces of containers for sensitive

el ectroni ¢ conponents. Background El ectroni c conponents can have
operational properties that can be detrinentally affected by environnental
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di spensing froma nozzle, yet be cuBabkgoufidyi el d a gasket that can have

properties such as vibration-danpi ng,
Electronic components can have operatlonal properties that can be detrimentally

affected by environmental conditions. Such conditions include electromagnetic
15 interference (EMI), vibrations, and particulate and chemical contamination.
Consequently, these devices can typically be protected by sealing them in a container that
has a cover.
Conventional methods for gasket manufacture include either die-cutting a gasket
out of an elastomeric sheet material, or shaping the gasket by injection-molding of an
20 clastomeric mix. Both these methods require expensive tools such as punches and molds
which add cost to the final product. Newer manufacturing methods deposit a bead or
thread of a fluid elastomer from a nozzle onto a substantially planar surface. The pattern
adopted by the fluid elastomer thread can be controlled using automated equipment,
programmed so as to provide a gasket having a desired shape. After forming a desired
25 gasket pattern, the fluid elastomer thread can be cured, using heat or light, either at
ambient temperatures or in an oven, with or without accelerators or other additives.
Fluid elastomer compositions, suitable for “form-in-place” gaskets using
automated applicators, include one or two part silicones, urethane acrylates, and epoxies.
These compositions need to have suitable viscosities for automated dispensing from a
30 nozzle, yet be curable to yield a gasket that can have properties such as vibration-damping,
electronic shielding, and preventing contamination from outside sources. Additionally the

gaskets need to be flexible and resilient.



el ectronic shielding, and preventing contam nation from outside sources.
Additionally the gaskets need to be flexible and resilient.Summary Hard
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15 components included in an uncured gasket composition, the curing process may be
initiated thermally, photonically, a combination of both, and/or, in the container of two
part formulations, by simply combining the parts under ambient conditions. Typically,
uncured formulations provide non-slumping, dispensed beads of gasket material having
good dimensional stability, as applied, with essentially no change in shape or position
20 during and after curing.

For electronics grade cleanliness, properties of these elastomer compositions, after
curing, include low outgassing and low extractable species. These properties surpass those
of commercially available, silicone-based form-in-place gaskets which typically contain
low molecular weight siloxanes that can damage electronic components following

25 contamination of device surfaces. Since the provided articles utilize a flexible epoxy or
acrylate based material, possible damage due to siloxane contamination is avoided.

It is important for the sealants to have properties such as flexibility and to have a
low glass transition temperature, typically below 10°C. They also need to be easy to apply,
insensitive to moisture during curing, and be capable of curing at relatively low

30 temperatures. There is a need for better sealants for electronic devices that have these

properties, are easy to apply, and are resistant to moisture transmission. There is a need



contam nation of device surfaces. Since the provided articles utilize a
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gasket precursor material to the first mating surface of the first section of the container,
curing the bead of gasket precursor material to form a cured gasket, and placing the second
section of the container such that the second mating surface of the second container comes
into contact with the cured gasket and such that the first section of the container and the
20 second section of the container at least partially surround the electronic device. The gasket
includes a flexible polymer; and a filler, wherein the filler includes at least one
hydrophobic semicrystalline polymer. The at least one hydrophobic semicrystalline
polymer can include a polyolefin, a fluoropolymer, or a combination thereof. Additionally
the hydrophobic semicrystalline polymer can have microcrystalline domains and can be in
25 the form of a micropowder.
The gaskets in the provided articles and methods are formed from fluid prepolymer
components that, upon curing are able to form a rubbery seal and are useful for sealing
containers that contain electronic devices. The polymer systems include fillers that can

form gasket materials, that when cured resist moisture transmission.
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15 “(meth)acrylate” refers to both “methacrylate” and “acrylate”; and
“non-slumping” refers to the properties of an elastomer composition, including
yield stress and viscosity that deter sagging or slumping during dispensing and curing.
The provided article including the provided compositions can provide gaskets for
sealing electronic devices, such as hard disk drives, in containers in a manner so as to
20 protect them from environmental factors such as contamination, electrical fields, vibration,
and moisture. The provided methods of making gaskets can lead to low cost, high
production, disk drive manufacture.
The above summary is not intended to describe each disclosed embodiment of
every implementation of the present invention. The brief description of the drawing and

25 the detailed description which follows more particularly exemplify illustrative

embodiments.



yield stress and viscosity that deter sagging or slunping during dispensing
and curing. The provided article including the provided conpositions can
provi de gaeketwmson seal i ng el ectroni c devi ces, such asPharu$2adionksody i ves,
in containers in a manner so as to protect themfromenvironnental factors
such as contam nation, electrical fields, vibration, and noisture. The
provi ded nmet hods of making gaskets can lead to | ow cost, high production,
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nore partygedtarly exenplify illustrative enbodi nents. Brief Description of
the Drawings Fig. 1 is a perspective expl oded view of a provided housing
for an el ectr ofig 2dey padal @pgy-scotional sicpaoita pipvidedbeussrwcior emelkctianegy of a
provi.ded Bousing for an electronic device. Fig. 3 is a perspective view of
a pa?t of “@"'ffet hod of formng a gasket. Fig. 4 is a cross-sectional view of

a test fixturerjgigsa ASII'be?etiaemw&qwrwdf%%aho@oﬂﬁm{ng%a@kased on the test
fixture of Fig. 4. Detailed Description In the follow ng description,

reference is nitdedtiva closs-sastonpargm alp et fixgfiredr awi ngs that form a part of
t he description. hereof .and in whi are shown y of. illustration
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are contenpl ated and nmay be made w t hout departing fromthe scope or spirit
of the present invention. The follow ng detail ed description, therefore, is
not 0o be taken in a limting sebetileddPessdptiomer wi se i ndi cated, al

numbers expres T the f(f)l?oa\')&igé %essclri%)tei\gﬁ, re%erelfllgé fs’maa'd%qo the accompanying set of

drawings that form a part of the description hereof and in which are shown by way of
illustration several specific embodiments. It is to be understood that other embodiments
are contemplated and may be made without departing from the scope or spirit of the

15 present invention. The following detailed description, therefore, is not to be taken in a
limiting sense.

Unless otherwise indicated, all numbers expressing feature sizes, amounts, and
physical properties used in the specification and claims are to be understood as being
modified in all instances by the term “about.” Accordingly, unless indicated to the

20 contrary, the numerical parameters set forth in the foregoing specification and attached
claims are approximations that can vary depending upon the desired properties sought to
be obtained by those skilled in the art utilizing the teachings disclosed herein. The use of
numerical ranges by endpoints includes all numbers within that range (e.g. 1 to 5 includes
1,1.5,2,2.75, 3, 3.80, 4, and 5) and any range within that range.

25 Dispensable elastomeric formulations, according to the provided article and
method, 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 form soft, resilient gaskets,
exhibiting moisture resistance, minimal compression set, and adhesion to selected

30 substrates. The primary use for resilient gaskets, after curing, is to provide sealed



physi cal properties used in the specification and clains are to be
understood as being nodified in all instances by the term "about."

Accor di ngvg,20uvive®s i ndi cated to the contrary, the nunePCtalS2@pan24vet ers set
forth in the foregoing specification and attached clains are approxi mations
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by those skilled in the art utilizing the teachings disclosed herein. The
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accqrdi ng extending from about -40°C to about 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
about 7% to about 30% of the original deflection, measured by ASTM D395B,
“Compression Set Under Constant Deflection”. Low values of permanent compression set

20 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

of the container, the physical properties of the gasket itself also prevent access of

25 environmental contaminants, such as moisture vapor, into the container. A key property of
the cured gasket is low moisture transmissivity that can be attributed to the use of a liquid
prepolymer that includes a hydrophobic semicrystalline polymer filler. Liquid
prepolymers can be hydrophobic and can impart hydrolytic stability and minimal moisture
absorption to cured gaskets. The liquid prepolymers can include components useful for

30 forming flexible epoxy polymers such as epoxidized olefins and diols and components



to the present invention, maintain their elastonmeric properties over a

t enperature range extending from about -400C to about 1000C. The
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Japan. ThBsoauag Pfaine tNndlhe (bﬂqugiq:repolmmsumlsdeahomrp@rh yl(cétdsylll@n &hbunyl ene)

pol yi sopr BTG aEr el Ep S Yot ek e e P Pes e ByeloaPiBiat i ¢ por t i on
| At S | @hdRIRREERA NTuSail doRi i HorSHobRh (RntRHI, CRNRRIGI DY EPOA

872, a modified bis-phenol A, also available from Hexion; diols such as those known

under the trade designation, PRIPOL and available from Croda, Inc., Edison, NJ.

Curing agents for two part epoxy systems, can be liquid anhydrides, such as AC39
- polypropylene glycol di(dodecenyl succinate); dodecenyl succinic anhydride (DDSA);

20 methyl tetrahydro-phthalic anhydride (MTHPA); methyl-5-norbornene-2,3,-dicarboxylic
anhydride (AC methyl); methylhexahydro-phthalic anhydride (MHHPA); octenyl succinic
anhydride (OSA), alkenyl succinic anhydride 1618 ASA (available from Albemarle Corp.,
Baton Rouge, LA) and combinations thereof. Liquid maleic anhydride grafted
polybutadiene may also be used as a curing agent. Both one part and two part epoxy

25 systems can cure by exposure to heat.

Addition of a reactive diluent, such as PRIPOL 2033, a dimer diol, can reduce the
viscosity of the overall formulation and can also maintain performance properties by
reacting into the network structure. Other useful reactive diluents for epoxy systems
include hydroxyl functional compounds, such as hydroxyl terminated

30 poly(ethylene/butylene), available as L.-2203 from Shell Chemical; hydroxyl terminated
polybutadiene resin available as R-20LM from EIf Atochem; low viscosity epoxy
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15 having an elongation of at least 20% and typically no greater than 200%; a T, ranging from

Py

about 0 to 70°C; and a tensile strength of at least 1,000 psi, or at least 5,000 psi. One or
more urethane (meth)acrylate oligomers can be combined with at least one
multi(meth)acrylate monomer comprising three or four (meth)acrylate groups. The
multi(meth)acrylate monomer increases the crosslinking density and thereby

20 predominantly contributes the durability and abrasion resistance to the cured gasket
material.

Suitable tri(meth)acryl containing compounds include glycerol triacrylate,
trimethylolpropane triacrylate, ethoxylated triacrylates (for example, ethoxylated (3)
trimethylolpropane triacrylate, ethoxylated (6) trimethylolpropane triacrylate, ethoxylated

25 (9) trimethylolpropane triacrylate, ethoxylated (20) trimethylolpropane triacrylate),
pentaerythritol triacrylate, propoxylated triacrylates (for example, propoxylated (3)
glyceryl triacrylate, propoxylated (5.5) glyceryl triacrylate, propoxylated (3)
trimethylolpropane triacrylate, propoxylated (6) trimethylolpropane triacrylate),
trimethylolpropane triacrylate, pentaerythritol triacrylate, and tris(2-

30 hydroxyethyl)isocyanurate triacrylate. Higher functionality (meth)acryl containing



Conponents that are useful for formng flexible acrylic polyners useful in
the provided articles and nethods include conponents for form ng urethane
acryl at eswopolymwster acryl ates, acrylates with plastici rerTalS2@na20ther
acryl ates that have el ongations of at |east 20% and gl ass transition
tenperatures (Tg) of |ess than about 100C. Conponents for form ng flexible
ur et hane acryl at es c}légzl cally include one or nore urethane(neth)acrylate
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t her eby pr,edom.nant|l ntyi bute he durability and abrasiqn resistance to
he cur eqigugiRupn MoLoF et RimP Byt PRCURCLTRIRT: L5k Blinas
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triacrylates (for exanple, ethoxylated (3) trinethylolpropane triacryl ate,

et hdWyl at gddq &pignaiioreSRYIblapd opedrbydmokptinyl)isteganueath oxacrdetedev@dyble under
L1 acry all) PO R GUGTRIRSI 1 acr vl ate, pr opoxyl ated 111 acryiates (for
i acrylale, BT aDa e b e el ot e
(6) tri meténthiolngroopwoends: iFac eydraple,)the urcthmet iyt prdpandgomeanaybat e,
pentaeryt Blrujcfla(l)sled Eolrrelb?e%ﬁg(li {a)vtlt%’a (ﬁ&lclietfl)raicgrga%e_ monomer such as in the case of
15 “CN988B88”. Suitable monomers include for example 1,3-butylene glycol diacrylate, 1,4-
butanediol diacrylate, 1,6-hexanediol diacrylate, 1,6-hexanediol monoacrylate
monomethacrylate, ethylene glycol diacrylate, alkoxylated aliphatic diacrylate, alkoxylated
cyclohexane dimethanol diacrylate, alkoxylated hexanediol diacrylate, alkoxylated
neopentyl glycol diacrylate, caprolactone modified neopentylglycol hydroxypivalate
20 diacrylate, caprolactone modified neopentylglycol hydroxypivalate diacrylate,
cyclohexanedimethanol diacrylate, diethylene glycol diacrylate, dipropylene glycol
diacrylate, ethoxylated (10) bisphenol A diacrylate, ethoxylated (3) bisphenol A diacrylate,
cthoxylated (30) bisphenol A diacrylate, ethoxylated (4) bisphenol A diacrylate,
hydroxypivalaldehyde modified trimethylolpropane diacrylate, neopentyl glycol diacrylate,
25 polyethylene glycol (200) diacrylate, polyethylene glycol (400) diacrylate, polyethylene
glycol (600) diacrylate, propoxylated neopentyl glycol diacrylate, tetracthylene glycol
diacrylate, tricyclodecanedimethanol diacrylate, triethylene glycol diacrylate, and
tripropylene glycol diacrylate.
Polyester acrylates can be made from precursor mixtures of mono(meth)acrylate
30 functional polyester oligomers that are branched or essentially linear, and the

(meth)acrylate functional group or groups, respectively, can be terminal groups and/or
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temperature. The semicrystalline polymers typically have a melting point above 20°C,
preferably above 50°C and most preferably above 100°C or higher. The degree of
crystallinity, i.e. the fraction of the semicrystalline polymer that comprises the crystalline
phase, can be greater than 10%, greater than 20%, greater than 30%, greater than 40% and
20 even greater than 50% based on weight or volume. The degree of crystallinity is
preferably greater than 20%, more preferably greater than 30% and most preferably greater
than 40% based on weight or volume. The micropowder, thermoplastic polymers can have
particles with an average particle size (average largest diameter) of from about less than 50
um, LyondellBassell less than about 25 um, less than about 10 um, or even less than about
25 5 um.

Typically, the filler includes at least one hydrophobic semicrystalline polymer. The
filler typically comprises a polyolefin or a fluoropolymer. The filler can have
microcrystalline domains. Exemplary polyolefin fillers that are useful in the provided
gaskets include polyolefins such as polyethylene, polypropylene, poly-alpha-olefins,

30 mixtures including polyolefins, and substituted derivatives of polyolefins. High density

polyolefins are typically utilized. Exemplary polyolefins that are useful in the provided
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tetraethyl ene glycol diacrylate, tricycl odecanedi nethanol diacryl ate,
triethyl ene 2giios91di acryl ate, and tripropyl ene gl ycol dacaarsgéiatnes019
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invention for providing added resistance to noi sture transm ssion include
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tenperatures above the nelfting point of the crystals. Upon coollng,
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above 200C, preferably above 500C and nost preferably above 1000C or
hi gher. Theikdblgrdenthe trgsdaignanon,y; 14, aemictofiee fluaropaymaf pawter available

e St e, RO TE 0 IEL RTRE 55 AR S SaB AR 120, s an
g\rlsgtsglr F?ﬂiﬁf"f@ﬁ“% %WARSRAON DYRESNELE! ZON M Buord i HRI! §&h A5 MP-1300,
available from DuPont Fluoroproducts, Wilmington, DE. Other semicrystalline
thermoplastics that may be useful in the provided gaskets include polyvinyl chloride,
polyvinylidene chloride, poly(chlorotrifluoro ethylene), Polyterephthalates, such as
polyethylene terephthalate and polybutylene terephthalate and semicrystalline

20 thermoplastics commonly classified as nylon, ¢.g. Nylon 11, Nylon 6 and Nylon 66.

The addition of micropowder, semicrystalline, fillers to the provided articles can
impart substantial resistance to moisture transmission to the gasket. The resistance to
moisture transmission of polymers is typically measured as the moisture vapor
transmission rate (MVTR) and tests for making that measurement are discussed below.

25 Typically, the fillers are in the form of micropowders and are made of hydrophobic
semicrystalline material. But, although not being bound by theory, it is believed that the
improved MTVR of the gasket material that includes at least hydrophobic filler is largely
due to the hydrophobic nature of the semicrystalline polymers, the crystalline nature of the
polymer, wherein the crystals act as physical barriers to the transmission of moisture vapor

30 through the gasket, and the amount of the filler in the gasket, moisture resistance

increasing with increasing filler content. Typically, the hydrophobic semicrystalline
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preferably greater than 20% nore preferably greater than 30% and nost
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15 wax, and polyamide-containing fillers. Particulate fillers, imparting thixotropy, include
fumed silica, fused silica, clay, and carbon black. Suitable fumed silicas include
AEROSIL R 812, AEROSIL R 711 and AEROSIL R 805 (available Evonik Industries,
Pasippany, New Jersey); CAB-O-SIL TS 610; and CAB-O-SIL T 5720 (both available
from Cabot Corp.). Typical clays include GARAMITE 1958, available from Southern

20 Clay Products. Carbon blacks, such as COLOUR BLACK FW 18 (Degussa); and
PRINTEX 55 also contribute to thixotropy. Fumed silicas generally represent the most
typically used fillers although this is somewhat formulation dependent.

Optimum rheological performance occurs with proper dispersion of the filler.
Shear conditions, during mixing of form-in-place gasket formulations, approach an

25 optimum state to produce material for uncured gaskets that hold their shape after
dispensing. High shear mixing can permanently disrupt the network structure of the
thixotropic particles with resultant loss of shape by increased slumping of dispensed gasket
beads. A low-shear mixer can reduce this problem and can be used for preparing
formulations useful in making the provided articles.

30 In addition to repelling external contaminants, the gasket itself should not represent

a potential source of contamination. It is desirable that the hydrophobic gasket material
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of the polymer, wherein the crystals act as physical barriers to the
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than about 30 wt % greater than about 40 wt% greater than about 50 wt % or
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be non- sl unpi ng. nsl umping formin-place gasket formil ations include

snmal | anpunirgaiofthashdpt ammhdimehsibheof pwmitdciadl gaskdt patiarnt boprfdbiucendehiratoms opi ¢
materi al s se mater]j an be added iq{ red gasket. material in
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being dispensed. Each property may vary depending upon material selection and

stoichiometry, filler type and concentration, and conditions used for 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

20 formulating becomes an essential task for satisfying the many applications for gasket
formulations according to the present invention.

The provided articles can be useful for enclosing environmentally sensitive
electronic devices in a container that can isolate them from unfriendly environmental
conditions such as moisture, particulate contamination, corrosive chemicals, etc.

25 Electronic devices that are typically protected in this manner and can benefit from being
enclosed in a provided container include hard disk drives for computers, personal handheld
devices, electronic circuits, light-emitting diodes, and other sensitive electronics. The
container can be made of metal, polymer, glass, ceramic or any solid material that can
withstand the operating conditions of the electronic device placed therein.

30 Turning to the figures, Fig. 1 is a perspective exploded view of an embodiment of a

provided housing for an electronic device. Housing 100 is a container for a hard disk drive
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material. After dispensing in a pre-determ ned pattern, these filled
formul ations can naintain their profile and di nensions through thernal
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manuf act urers, i:tﬁaStl]ih(‘:iﬁrla‘:%?rs !a%“ft_&o‘f‘ﬁiapﬁ ?ﬁm&ioﬂhe@ﬁ?\%gJﬁﬁg“tm?@“g‘h fore, the
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conponent s.
bead of gasket material 310 is in the process of being applied. The bead of gasket material

IL R
610;

is dispensed through nozzle 345 from dispenser 340 so that the gasket material makes
contact with a mating surface of the container.
Objects and advantages of this invention are further illustrated by the following
20 examples, but the particular materials and amounts thereof recited in these examples, as

well as other conditions and details, should not be construed to unduly limit this invention.

Examples
25 Materials
The materials used in the Comparative Examples and the Examples are shown

below in Table 1.
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Fig. 1is

APRigspective

dxcaidin ol peerarc AN Ao iend aypilzple under the
trade designation “CN3108” from Sartomer Company, Inc.

Ur es,

A fumed silica available under the trade designation “Aerosil

R 805 R805” from Evonik Industries, Pasippany, New Jersey.
R 711 A methacrylsilane treated fumed silica available under the trade
designation “Acrosil R 711” from Evonik Industries.
An ammonium antimony hexafluoride available under the trade
NaCure designation “NaCure Super XC-7231” from King Industries,

Norwalk, Connecticut.

NaCure Solution

A mixture of 80 wt. % P107 and 20 wt. % NaCure.

BP

Benzoyl peroxide available from Aldrich Chemical Company, Inc.
Milwaukee, Wisconsin.

2

J-14 additive

A PTFE micropowder available under the trade designation “J-14”
from Dyneon LLC, Oakdale, Minnesota.

MP 1300 additive

A fluoroadditive available under the trade designation “ZONYL
MP 1300” from DuPont Fluoroproducts, Wilmington, Delaware.

FA 700-00 additive

A microfine polyolefin powder available under the trade
designation “MICROTHENE F FA 700-00” from LyondellBassell
Chemical Company, Houston, Texas.

FA 800-00 additive

A microfine polyolefin powder available under the trade
designation “MICROTHENE F FP 800-00” from LyondellBassell
Chemical Company.

FIPG 8505

A form-in-place gasket material available under the trade
designation “3M FORM-IN-PLACE GASKET 8505” from 3M
Company, St. Paul, Minnesota.
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provi ded housing for an electronic device. Housing 100 is a container for a
hard di sk driveand includes first section 110 that fits snugly inside and
agai nst twe 2bovwses of second section 120 when the cont aPOEUS2GI00RmIEd.
Gasket 130 is in contact with the mating surface 120 of the second section.
After an electronic device is inserted into the container, the container
can be closed and held together by fastening neans such as screws, bolts,

or cl anpsMathpd W Ieﬁwdd?r%gﬁthmpq;iﬁtqnd%rewr@twnﬁlg 1, the fastening rreans can

be screws that are | q;%%ed 1o£§5c891n “)ih d(%gtp gp&eﬁ&nP .es
Fig. 2is a par qgér PR PONA OV an eﬁ% df TRt %VOV|ded

housi ng f %mp@lm@merlmh@re@ﬁwoﬁ@oiaMM el épdiggesni(s) dHAUEHINY, WAQ chérgbditd 4 S
seal ed position and includes first section 210 of a container mnth first

mat i ng suflcat eigeontpine e AK 208 avrilghblsKem PROK gk lok., hardrpmehowth :G@f(ém@ed

when the con t ai 0sge ntact w eco tlng
brcoSonq Sr bR Tingd TrERRRL S ERIEIXER AT 0B iR Bha g R0 f BBl
reduces maiigittll €hd §iABSWhS e chatgdd @Thé hex %ﬁt&h@%ﬂ@fmﬁig@amt)aj%ﬂ%r to the
i nside of the container which encloses an el ectroni c device

i | ust rat @sniauieeilhodivconipiper was drenedio somp prigukidmdvngaek dhe crmmtaemraldes The

t hod [ 1 trated b t h t
. ?eﬁf U R QA Rk S M R Al ey e
appl i ed. Ihgopeadafitieaskey- I%Eiéll’tﬂv@'wés&héh shenad tﬁé%ﬁd@ﬂtd‘ﬁ%h@nﬁﬁ‘e"—d f r om

di spenser 0 so that the gasket material nmakes contact with a mat i ng
sur flAce oft 2208 rpwrfoa? nenyte CEheN@§u@rmhammamsa@%sclmgedm theimmxenoniagrer and

further ill.us e foll Eut the tlcul r terials
and amounPETRa0 b e e de SR BraRe. B CoufRedE KirpReahai 1 ons
and det ai Lig a%h@éﬂtféalrlﬁf thQﬁha‘EiQfééﬁ R0 ‘HQ@éJA é/rnilll WhbletifbiR dopie rﬁt’[eﬁr'lmth
Exanpl es Materials The materials used in the Conparative Exanples and the
Exanpl es aeicklromrecbedloev Tie c'x"ml&hmerl;va‘ﬁa;bm@cﬂcd to a vacuum pump and the container

was exposed to a vacuum of 29-30 mm Hg for about 30 seconds. The quick connect

15 valve was disconnected from the vacuum, maintaining the contents of the container under

vacuum. The container was placed back into the SPEEDMIXER and mixed for 1 minute

at 2200 rpm. This process was repeated until no bubbles were observed in the material in

the mix container during evacuation, yielding a liquid gasket composition. The mass of

the components were selected such that weight of the liquid gasket composition was about

20 150 gm.

Table 2A
Liquid Gasket Compositions (wt%)

Component Clé)ggla;i[ IZG Example 1 Example 2 Example 3
L-207 41.76 31.32 20.88 14.62
VIKOLOX 14 13.49 10.12 6.75 472
P107 0.64 6.48 432 3.02
PRIPOL 2033 21.42 16.07 10.71 7.50
R-805 14.24 10.68 7.12 4.98
NaCure 0.45 0.34 0.23 0.16
Solution
J-14 Additive - 25.00 50.00 65.00

25
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Mat eri al sMet hod | A Liquid Gasket Conposition Preparation - 1 Liquid gasket
conpositions according to Table 2A were prepared. For a given conposition,
t he |i quiwonresvmes®onponents, i.e. epoxy resin(s) and di ectasomeemichar ged
to a clear, mx container, a MAX 200, available from FlackTek Inc.,
Landrum South Carolina, and m xed using a Hauschild SPEEDM XER DAC 600 FV
operating at 2200 rpmfor 2 mnute. The silica was then charged to the mx
cont ai ner%dﬁ&é@q@ﬂ@@b@%@mqﬁmfr%aﬁﬁm 2The mi x contai ner was opened
to scrap mater conta ner m x_ cont ai ngr.was
ool ooed and. HibEfBe! GoySeT SRGRIRET TIED s Sodis fRphoRo:
appropri agﬁeﬁdgmpbgi@on eh OFIPJr 950 5addall diviee WaRShdrB@NoGhas@adixt entdieerd X
container and m xed at 2200 rpmfor 2 mnute. The NaCur e sol uti on was then

char ged tMatXr?@Onfrﬁmchmké‘ehémc dmdmnx@uﬁt Capbue mphmf&@d a 2200 prefor o degas
t he rg1xtu hihcont a| i d was J&p acedt 121 ftJ gﬁ}l ca{ |id that had
been >modi 184" ?15%0%1 %IH%T ey (Ohepndnei Py L GG ck
connect vahyix IHRaiaONkA ReJos88 and HINRICHLEh hRlifonaRs iy MR 2B0dphhe

cont ai ner was exposed to a vacuum of 29-30 mm Hg for about 30 seconds. The

qui ck conPegassinglof hanasctutt selbnrrddhe dedassing proseduae deseribedniniYleihad ng. tThe
contents of contalne under h n | aced . ack into
Che. SPEEDRIXER A EPRRaL BRe S RE TR apet 350D e Wi B B B8 oyigE

repeat ed yathbout@s0Rbl es were observed in the material in the m X
cont ai ner during evacuation, yielding a liquid gasket conposition. The nass
of tllle conponents were sel ected such that weight of the |iquid gasket

(ot % Mt hod 1B Li qui d@@%&%ﬂw@ K BRI (th ) 2 L quid gasket

conposi tigons accordin o[Tabl'e 2B Jand ZC wel g priepar €dx. Howx. a [gkVepex.
conposi t | 6APPHE E’f'ﬂGPEB‘S?)ES F3rfd Q’Eilai e | W& [chiar ded to1a cl gar | 1mi x| 15
cont ai ne FT 38%/535)( 200, | darromsbk aLkolek donc .| 0. antraum77.8ousdn Gagool i| mae aheb.an |xed
at 2200 r%f D8 8 1 1 0 0 5 5 0 0 0 0

J-14 352 ] ] ] 40.0 5%'0

additive 2 0

MP 1300 352 40.0 50.0

additive ) 2 ) ) ) 0 ) ) ) 0

FA 700-00 19.1 225 30.4

additive i i 9 i i i 5 i i i 0

FA 800-00 19.1 225 30.4

additive i i i 9 i i 5 i i i 0

Table 2C. Liquid Gasket Compositions (wt. %)
Component | Ex. 16 Ex. 17 Ex. 18 Ex. 19 Ex. 20 Ex. 21 Ex. 22 Ex. 23
FIPG 8505 | 83.33 80.00 70.00 65.00 60.00 50.00 40.00 35.00

J_14. . 16.67 20.00 30.00 35.00 40.00 50.00 60.00 65.00
additive

15
Method 1C: Liquid Gasket Composition Preparation - 3
Liquid gasket compositions for Examples 24 and 25, Table 2D, were prepared.
The CN2273 and the BP were charged to a clear, mix container, as described in Method
1A, and mixed for 8 min at 2200 rpm. The sealed container was then left for 18 hrs. For
20 Example 25, the R 711 was then charged to the container and mixed 2 min at 2200 rpm.
This step was omitted for Example 24. The mix container was opened to scrap material

down from the container sides. The mix container was re-closed and mixed for an
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m nute. The m x contai ner was opened to scrap material down fromthe

contai ner sides. The m x container was re-closed and m xed for an

addi ti onawo4orvaeseoes at 2200 rpm Degassi ng of the m xt ece/dSedloomddo t he
degassi ng procedure described in Method IA. The mass of the conponents were
sel ected such that weight of the |liquid gasket conposition was about 150
gm Table 2B. Liquid Gasket Conpositions (w. % Method 1C: Liquid Gasket
Conposi t i @@dlm@qégrf@m@ﬁ at 2290rpgu i Thegdeikiae was spaged foghe mip corpsiasinds 24 and
25, Table 2D repared. The CN2273 and the BP were charged,to a clear,
i x cont a2t B RER il VEERBE at My R R 1R S TR 8880 o

The seal egofORt dbmeihctadest MROMieEdntdifEr &k Bicfoscl@iid xaaEbearzidifidial R 7 11
was then charged to the container and mxed 2 min at 2200 rpm This step

was omi tt ednytey atRRAome. Pegasting ofthe mturaifeléawaegetbe degasse pwcediirap mat er i al
down _f rom,t he, cont.ai her, ,si des,. The.m x, contai ner .was re-cl osed m xed
for AnadditYORel AThPRL Bs VEing s ki SRe Saap Ol (ARG % the m x
cont ai ner CaBd 08 xEtheadditid O kP f QBarZmiM d¥HkBncr TR ribed ON MRS 1 Avash@pened
to scrap material down fromthe container sides. The m x contai ner was

r e- cl osedthersdmpicgeré muixcsrfond diin o0 mmmismg the maxer22ewibeg m Modwdslsi.ng of

th 1 xt foll d the d i i bed, i.n Meth AN
Vi el di ng THETTY SO E S as Rt BO BT B PP BIip1 s 8RS ENGT68 g e
addi tive WetSinbiOwa elgdikd afd Mi&ANbALNIditidRl d@sahkPRD00 rpRt hed:, IBR wihen

the sanples were mxed for 2 min at 2200 rpm using the m xer described in
Met HOd | AchaFpe teithe wont@itaiaer andsnispefred min a C2&prpmat Begabing ofthefmigmre he

cont ai ner .sj des., The m.x cont ai ner was, re-clo and. m xed fqr an

2ddi 11 onafolP R Bt n e Phniesrdi FshaE PARERRIR B8 Nabd e cont ai ner
and m xed ccf)r%osl-t'i’&ﬂ B EX2081d PIeN2a g8 asd RY quwér@ﬁleﬁ‘chﬁﬂgwtcf @k LoveRlct Rl
degassi ng procedure described in Method IA vyielding the |liquid gasket
conposi t i onxedFbmiextadR0eprd7 ThENBx TORamadwhs Jpehid tesceapemeatecdl slogedrano t he
container .and mxed. 2 mn at 2200 r&m The m L ner S oa{:f%ned to

scrape matherSonfaingg siges: [ hgmix container was re-close a)I(ld %%Qéc? %or an addition.

15 minutes at 2200 rpm. The additive was then charged to the mix container and mixed for 2
minutes at 2200 rpm. The mix container was opened to scrape material down from the
container sides. The mix container was re-closed and mixed for an additional 4 minutes at
2200 rpm. Next, the BP was charged to the mix container and mixed for 1 min at 2200
rpm. Degassing of the mixture followed the degassing procedure described in Method 1A,

20 yielding the liquid gasket composition. The mass of the components were selected such

that weight of a given liquid gasket composition was about 150 gm.

Table 2D.
Liquid Gasket Compositions (wt%)

Component Example 24 Example 25 Example 26 Example 27
CN2273 64.36 58.56 - -

CN3108 - - 64.36 58.56

BP 0.64 0.59 0.64 0.59

R 711 - 5.86 - 5.86

J-14 Additive 35.00 - 35.00 -

FA 700-00

Additive - 35.00 - 35.00

25
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t he contai ner sides. The m x container was re-closed and m xed for an
additional 4 mnutes at 2200 rpm The additive was then charged to the m x
cont ai nerwandiomos®d for 2 mnutes at 2200 rpm The m X ®OomtB2MeM0208% Opened
to scrape material down fromthe contai ner sides. The m x contai ner was
re-closed and m xed for an additional 4 mnutes at 2200 rpm Next, the BP
was charged to the m x container and m xed for 1mn at 2200 rpm Degassing
of the m Mathad 3: &Fqsb%@d’l’mh@%@&@?ng procedure described in Method IA,

yielding the | Irﬁ% 1qu1 %et[ ?m% Ot%nt aé)?iesarlg di %th(t)(g 1 AhFB C&ansn}e%o\é\_’% 5t

sel ected such t gi ven cohpositio
150 gm Tabhetheix bbﬁtuiner ﬁ@sﬂi@ded@%()%hltslyﬁﬁ 1(0%{’@3&@ OA 26 ga %@,sk@hlm

Formati on and Cure The i gasket co 05|t| on, escrl in Method

| A, | B, ofl.2nghklepgthdMa MthWeTa@fm@d tl@ﬁdrhfeWIthdd%n@c(@@M nch) Bidel

i fqr di h SMOOTHELOW
Frers T BRAT EPB . Fgs bR e tafid wiaf Eltden: F R s P s
Inc., Eastyriy Tg@Wa@@ﬁt%@antBﬁ@@MVﬁL@ﬁann@&B%@@l Qid N§pchyihk Bg€em The
Syri nge was tted into a CAM ALOT nodel nunber 18 liquid di spensing

syst em avavdilabledrdm mymmsﬁm Etamerhilh Massiphesdiis) IAbdvéslsfa@hms@f the. A

bead, 1i. e of the UId asket conposi tion a oxi mat e
oonori car liafde s Sombaiar M e EPERr R SRRtk aP e s R R B TR
was di spepsgshu®ntia nihi€o bmﬂéhg M%%Feﬁs%aont&hé RR12OBRS, £10, ﬁlﬂﬁbrsﬁé—ﬂeaffa“ ng.
The ring dianeter was about 57 nm The fixture base was placed in an air

f 1 oWO0t hr ooigtulaverg. élfheaflrgehame‘.mpwamhmue%mnldee:ﬁﬁc@rre Bateovasylaced cuarwair he
liquid ga nto a,so se. was renoved

For 't he "oDEN BRAERAT B ebPEOsRATE o SRt Bhbpd e Yol ERET | cac

sever al h@&h?osﬂ'f(ﬁf 1nﬁ9<@£811d9g°a51?c4 2he fikhe Qﬁé%a@frerhb%' for heDvEn SRMMRTJditen was
di spensed onto an alum num plate. Curing was conducted at a set tenperature

of 1200C faeol td rdvowu fentperatucetypivelly,iagleast sgeskldtoucsofposkamplas 2hL6, the bedd d

gasket . . . .. . . .
of liquid resin composition was dispensed onto an aluminum plate. Curing was conducted

15 at a set temperature of 120°C for 1 hour to cure the liquid gasket composition into a solid

gasket.

Method 3: Humidity Measurements
Test Fixtures:

20 A test fixture was required to perform the relative humidity measurements. A cross
sectional view of the test fixture is shown in Fig 4. The test fixture, 400, comprised a
fixture cap, 410, and fixture base, 420, which were fabricated from stainless steel,
although other non-corrosive metals would be suitable. The fixture cap, 410, had a fixture
cap cavity, 430, defined by fixture cap sidewall, 412. The fixture base, 420, had a fixture

25 base cavity, 440. The two cavities combine to form a total fixture cavity volume. The
fixture base had a fixture base cavity, 440 defined by the base cavity depth, 442, and base
cavity diameter, 444. The total volume of the fixture can be modified by changing the
dimensions of the fixture base cavity, 440, or the dimensions of the fixture cap cavity, 430,
or both. For the fixture base, this can be accomplished by modifying the base cavity depth,

30 442, and/or base cavity diameter, 444. Although the fixture used herein was circular when

viewed from a top view perspective, yielding cylindrical shaped cavities, almost any cavity
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Met hod 3: Hum dity Measurenents Test Fixtures: A test fixture was required
to performthe relative humdity neasurenents. A cross sectional view of
the test WOxXbDUV®S99s shown in Fig 4. The test fixture, 400T/Usenpoeeed a
fixture cap, 410, and fixture base, 420, which were fabricated from

stainl ess steel, although other non-corrosive netals would be suitable. The
fixture cap, 410 had a fixture cap cavity, 430, defined by fixture cap

si dewal | , shppg is ameptﬁblszt [Eh@lra@@@nt fer inhaying the fat@irf@tW%Vl@aw wle syditRr The
two cavi “ eSIZeCO r]en tao a eto smu% gen I Xt u eec%g\{ gl rn aq?e’[l i1 ahXt ure
pase nad BTS00 Y et s Bl ey AU L R et 2,
and base B@Mg 'E:Mns‘ﬁhtﬁﬂ’@taeg’werﬂs‘bﬂofﬁeﬁu%@ﬁ@'ts vnntnérmv@; véln@efdagicy [éﬁgﬁﬂﬁtl@%
modi fi ed by changi ng the di nensions of the fixture base cavity, 440, or the

di mensi onshagied Helsfekrectadethatapeivhudsulys can30ll beroblpondd. Hayreviehéhd ibsplute base,

t hi b di f t h, 44 /
base Scavi TouarS IR LIRS hut oD Rl Pt Pe QR RS R shistoraP R by oGS o
when Vi ewagb fah@Bh@ daQRy HiaBWtPIRINASHd WRh thel BltelieRgp exlityndhikélveNRRefdd
cavities, al most aniﬁcaV|t shape is acceptable e inportant factor is

havi ng t hto ereatak tetakdixine camify vglums|of erous 1318 can’- |The§ixz@reamﬂt>hmlumggaskgas ket

of simla | engt.h t Vi t | unre/ gasket ngth ratio.b

const ant BTGP van oSl 0GR SR Bt ShERPERERRESNE: axBiTh N o pikker

llength ratich th CRBNGEE liqhid daSk@¥RRFETr, B30, iHHIRS dhhpd Uit R1F /g Sédu'ld be
obtai ned. However, the absolute val ues of the relatlve hunldlty may change.

For I0he pbepkntd ot theifixgyre bhse amglwrecla\il‘ Ilteyilamqtct‘mf thmczrcumgimgﬁ dquid\dasket

di t 444 al. th t ted t
Croate a CUTEPTHIRT ey oy Ty b3 Hidee GRmeGh it g b SHE BIUETHE cavi 1 y
vol une/ gagket Tﬂléaﬁﬂhjfb craﬁtc‘aﬁty"aﬁo aﬁ%@ 'dtﬁrg cﬁﬁ CQ\FTB/ (ﬁﬁﬂlety‘ Q3Q“aﬂ@ PeLRAg cf the

fi xture base were sel ected such i quid gasket conposition,
450, in tbhevighbpectef, 434.cThesdcand capngwlty: dwhtttdme43dl awe thrgar thanghé fixt.1438. base

and cured, The dianeter of the circ rori ui sket conpo ition
s about Th G Rep ity Shegncrebicay Bl P, wet pEBRGET A SOPER or
444.15The o cRAdr LRMpEXurdBmid8Yoged TS infARItOAVAdOY il RAEL 81, 432 and

a second cap
Additionally, the fixture cap, 410, has a fixture plug, 490. The plug has close tolerances

with the fixture cap sidewall, 412. The plug may have threads. Prior to inserting the plug,
490, into the fixture cap, 420, an adhesive, 3M SCOTCH-WELD epoxy adhesive DP190,
available from the 3M Company, St. Paul, MN, was placed on the plug surfaces that would

20 be adjacent to the fixture cap sidewall, 412. The plug with adhesive was inserted into the
fixture cap and the adhesive was allowed to cure at ambient conditions. This formed a
hermetic seal between the plug, 490, and the fixture cap sidewall, 412. A slotted, metal
shim, 470, was placed between the fixture cap, 410 and fixture base, 420, prior to
assembly. Fig. 4A shows a top view of the metal shim, 470, having slot, 475, and six

25 though holes, 480. The fixture cap, 410, and fixture base, 420, also have six through-
holes, 482 and 484, respectively. Fixture cap through-holes, 482, are typically threaded to
enable fastening of the fixture cap to the fixture base via threaded screws. The through-
hole dimensions and placement within the fixture cap and fixture base are of similar
configuration as to those of the slotted shim, enabling alignment of all the through-holes

30 during fixture assembly.
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cavity dianeter, 434. The second cap cavity dianeter, 434, was |arger than
the first, 432. The second cap cavity dianeter, typically about 17-18 mm
was of suwbDi20iod98993i ze to enabl e the placenent of a tenperasSarie/obwn? dity

| ogger, i.e. and iButton, 460, inside it. Additionally, the fixture cap,
410, has a fixture plug, 490. The plug has close tol erances with the
fixture cap sidewall, 412. The plug may have threads. Prior to inserting

the plug, é)%felinﬁlﬁtéi_ the fixture cap, 420, an adhesive, 3M SCOTCH WELD epoxy
adhesi ve DPlgOA tgr\lllga)h%l ul%le uf %ﬁ&elgg%eﬁr;?’al\l{ligo{{&g Wq%igIStl%n)l( F%;IBESIE)W from aglll aced on

the plug surface wou acen ap si ewalr, 412.

The pl ug wittdrarRdPesiues, S@myl 18 8CAIH8mid) s phRed inthy FiRtgaBapRih bbhied gakeasi ve
was al |l owed to cure at anbient conditions. This formed a hernetic seal
bet ween t hepyspargd imdgthodd A Rletted, edirlshtapavng eweirknesuaabont 5i%0f 8¢, net al

shim, 470 s placed between the . fixture ca 10 and fixture base, 420,
i of to SRy R NATE Rt A e s Rab B RS- FRE L St 40- havi ng
slot, 475magdMehgSi%h HRAHDAGNALRS of 4RBRhinl NShibd HidkinBssGARes #&A gadeithi diabisr
base, 420, also have six throughholes, 482 and 484, respectively. Fixture

cap t hr oufht wasl tegicallygomdr @l yoiroml (H)-50 mia.d dlic inmeegiabictsr phtheshinmgyapf t he

fixture c to t fixture base,via threaded screws. The thr hhol

di renst onCrgian ) e BHEHfaRieRh P 1@ el I e L5 VR A 08 Errioog JEregp oo
simlar coffd A ALk@evan vxlh@n_ftﬂlaog%@k&f\xzafs f&@m%%&&éd@@*h@ﬂkﬂe eRaklak Agnal i gnnent
of all the through-holes during fixture assenbly. Measurenents: A

t enpdér at unridchodriadihe yixihueg gar by ese df But thiaddvbstedwsn UltisescreBS 18 2i3-ofiglotheMaxi m

I nt egrated Products upnyval e, |.i.fornia; was pla i,n e fixture cap

w th ool & dridiciies ot RRNETRRe i peiisd Ben WE& Bebdd ot B havi ng.a

thi ckness @by ML thfeds OfA 1thBE IS Btdadc JRSKST whRIBKNGSS a¥RASpiAiB CRnPInd fie

fixture cap with the through-holes of the cap matching wth the

t hr ough- heltadingfdetive os hieghan8im matytbie ckerbtosholdithic s twik tdgetfms k €he sdigwekwess but
The .i nner di aneter of the

was typicall fero 1r.n0&?-1[ Li‘ﬁ? mm 40- 50051' Ie ot Ine e
shi m was. P Gbene sApftiehy llap g cRenss obihe (g SEBt o fhy THAUPY Enat t her e
was 80 COoRfAfshhlet WREPrel d6embled fixture cap/iButton, fixture base and slotted shim were
then placed in a controlled temperature/humidity room (22°C /0.1% relative humidity) for
1 hour. Without removing from the temperature/humidity room, the screws were tightened
until the fixture cap, shim and fixture base were in contact, compressing the gasket to
approximately 75% of its original thickness. The sealed fixture was then placed in a
20 temperature controlled humidity chamber at a set temperature of 60°C and 85% relative
humidity (set point). The iButton temperature/humidity logger recorded a data point
approximately once per hour. The fixture remained in the chamber for approximately 140
hours. The fixture was removed from the chamber, cooled to room temperature and
opened to recover the iButton. Relative humidity data as a function of time was retrieved
25 from the DS1923 iButton by using an iButton reader/probe, model number DS1402BD-
DRS from Maxim Integrated Products.

For each composition listed in Table 2A, a separate fixture was prepared and tested
for moisture permeation through the solid gasket material via the monitoring of the relative
humidity. Two comparative examples, i.e. two fixtures, having liquid gasket composition

30 A were prepared from the same mixture. They were designated comparative example Al

and A2, respectively.

21-



shi m and gasket, even when the gasket was conpressed. The fixture base was
then attached to the fixture cap by use of six threaded screws. The screws
fit throwyb 20tee9sdyough-hol es of the fixture base and sirCmUsR@ook®m wer e
threaded to the fixture cap through-hole threads. Although threaded screws
were used, any appropriate clanping or attachi ng device or nechani smmay be
used to hold the fixture together. The screws were not tightened

conpletely, allow ng exposure of the fixture cavity to the surrounding

at nospher e pre-assenbled fixture cap/iButton, fixture base and slotted
shim were placed in a controlled tenperature/humdity room (22C /0. 1%

relative hum dRep}ive BimidifyOulues ¥ ddiout tifREEM tRgdsk@Bokip@sitions of Table 2A
tenperature/ humdity room the screws were tightened until the fixture cap,

shi m and fieshawe ibAslle veFer p given hite the relotips besidify mdsurgaskisvasttgpically

appr exi mat,el y 75% its.original thickness. The sealed.fixiure t hen
POt | mi abhBedPlovk IR 0 P’ s ATy B R SR HPE KRS Ure o
600C and §R% tosbat pré€dppdints Y ThS 8ita BOTREL: 3 shE®s h BighifREnt reduction in the
tenperature/ humdity Iogger recorded a data point approxi mately once per

hour. Therdliteduamidigyraithiodhe Aixtune i.¢halowering of meptero pemedaspy thragehibars. The
fixture was. renpved fr t he .cha I ,,.C00| to, roomtenperature and opened
to recoveWﬁFﬂ%gﬁﬁdﬂfgﬁgﬁkﬁpéF%V%HE§ﬁ¢%?¥?“§g?%@%9;a function of tine was
retrieved fromthe DSl 923 iButton by using an i Button reader/probe, nodel

nunber DS1402BDDR8 from Maxi m I nt egrated Products. For each conposition
listl®d in Table 2A, a separate fixturé&abad prepared and tested for noisture

perneation through the soli asket terial. via the nonitoring of the
relative humidity. Tmo_conpgﬁgF tgdéﬁgth@¥¥WP§ZT“?%n fixtures, having
liquid gasket CO”DO$KﬁkéﬁhéﬁﬂN%B%sHﬁE@@?%QeQEO@h&H§m§%HEnB&%tUre- They were
desi gnated conparative exanple A and , respectivély Results Relative

o

hum dity vaflhgqelﬁrs?at varhpesve i néempaive he gasket; comgsihi #ns of.,Jabke 2A

are showp_in Tabl e |3ExqmplAd gi vapmnlidd | the rel ative hum ditly nmeasurenent

was typi tally0 28.2 274 324 32.7 34.6
5 36.3 35.6 40.1 38.0 32.6
9 40.0 38.8 41.8 40.7 354
14 42.6 41.9 433 41.5 37.1
19 44.1 43.6 43.8 429 38.7
23 45.4 44.8 44.1 43.1 39.5
28 46.2 45.7 45.5 43.0 39.6
32 47.7 47.7 46.2 44.0 40.7
37 48.5 48.6 459 449 41.2
42 493 49.4 46.7 44.8 42.1
46 49.8 49.8 46.6 45.6 42.0
51 49.7 49.8 47.5 45.2 42.6
56 50.4 50.6 479 46.3 42.6
60 50.7 51.2 479 45.7 43.4
65 513 51.2 48.5 46.3 43.5
69 51.1 51.4 48.2 46.4 44.2
74 51.6 51.7 49.1 46.7 44.0
79 52.0 52.2 49.4 47.1 44.4
83 51.8 52.7 493 47.2 44.9
88 52.7 53.2 48.7 47.7 45.4
93 52.9 53.2 50.2 47.5 45.4
97 53.1 53.7 50.1 47.8 45.7
102 53.2 53.7 50.6 48.1 45.7
106 53.4 53.8 50.9 48.2 45.4
111 54.0 53.9 51.0 48.3 46.2
116 53.5 54.1 51.0 48.5 46.1
120 53.7 54.8 513 49.0 46.7
125 54.4 54.6 51.0 48.6 46.7
130 54.6 54.2 51.2 479 46.7
134 55.0 55.7 51.8 48.5 46.9
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the average of four to five data points, the relative humdity at the
indicated tinme plus the three to four preceding points. The data of Table 3
shows a sworenfo/sest reduction in the relative hum dity WwCrhiSeomwledoiid xt ur e,
i.e. a lowering of noisture perneation through the solid gasket, upon
addition of the J-14 additive to the gasket. Table 3 Percent Rel ative

Hum dity vs. Ti neAlthough the above test nethod was used, it is thought
that any appropriate nethod for neasuring the noisture perneability through
t he sol i dAdtheugt thewbetdtest niathadswas wsetl at istboughtitai a1y appaspuaenmethodkern t o

t hat descri bed. above or noisture perneabjlity, e. g. TM.F1249 (" St andard
Test Net hOURTGIEUGR Gpovspareib il p el st Opr Fb iacdcbve
denmonst r ahgm{di§ REREkiden kit REHB RIEMedi BYENSI BBistu¥@pdrigbiBdLLi a8fhpns and
alterations to"this invention will becone apparent to those 'skilled in the

art W t hotil 24y &ranidard Testoviethhe fecWpter &apors piwauld pfoduds apprapratet datnto | t
his invention is not intended to be unduly

shoul d be understotgd t%?'t t
limted b§cPARtiafg theprogditQ th_@l?ﬁ??ﬁ?trfﬁﬁ?néloﬁnd exanpl es set forth herein and
that such exanpl,as,aRddi @Ms%@hﬁe@ﬁ&s&B%?ﬂ%&imwﬂg%cgﬁl %g oonly

with the scope of the invention intended to be limte onl)? the cl ains
set f ort htHose giileds the hit ewghoutAddpartefdromm desscapd ad spirtthif this mventthns dt osur e

are herein incorporated eference.in their entirety. What is clained is:
1. An art Pequit b%ﬁnc[?&%q%fggféﬁ%se}nm%ﬂﬁ ROLYIGRGSE e ﬁﬁpﬁﬁlﬁy ?{}gl.ltea b 8bt ai ner
havijpg at }lllﬁﬁ%veaerﬁﬁcfd%erﬁgﬁﬁd %mgm Rt REGARELIS 85 {h‘%ﬂsuﬁh Readplestinfect ion

having a first mating surface and the second section having a second nmating
surface; amtodingaslaed picsentaiiyaeiy v dxamipheorfly wéth thasdopg ofthefimcatiamd t he
second mating surface, wherein the gasket conprises: a flexible polymer;
and a fi| Iégnded fRybohmited ﬁnlﬂ’ﬁ’é( the ¢lpigys sehgqr@d@gela@s f@&w SRECHRyRNCEh FbS ¢

sem cryst glihtNGiPANEEFe are herein incorporated by reference in their entirety.
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2. An article according to claim1, wherein the flexible polynmer conprises
an acryl ate polyner, an epoxy polyner, or a conbination thereof. 3. An
article awoapuvaegodio cl aim 2, wherein the epoxy pol yner PC3/ush@oneqdt i on
product of a two part epoxy system 4. An article according to claim 2,
wherein the epoxy polyner is the reaction product of a one part epoxy
system 5. An article according to claim1l1, wherein the filler conprises a
m cr opowd&¥hat & clameg it cl e according to claim 1, wherein the at |east one
hydrophobﬁc seg&ﬁ{ ag@uhknq gg%%ﬁp&mﬂg? qlgn9cr5§talline domains. 7. An
article according to'c aiom 1 ar &7 e R AP TRERSE one hydr ophobi c

sem crystal | i ng cp@hibERaveMRNESES fitst ReVtvRlafd h BecoBd séition the Gir@ sa&iar di ng to
claim1, wherein the at |east one hydrophobic sem crystalline polynmer is at
| east par hiang ¢ first genting apdercand Are seeendicstieitbone mepcond glatings@faoghandei n t he

fl uori nated pol r.co i ses, pol etraflugroethylene) .. 10. An article
acoordi ng o charea i FREEr A P! G uBRETFLLY- SRk st shfadbit 2o
wt % of t he/hgRskek gadkbt cdfiprdetd ¢l e according to claim 1, further conprising
an electronic device. 12. An article according to claim 11, wherein the
cont ai ner and t he gadksblecrmphet end encl ose the el ectronic device. 13. An
article according to.claim11l, wherein the electronic device conprises a
hard di sk drive. 14?ﬁﬁeﬁ€Pﬂod of sealing an el ectronic device conprising:
provi di ngudckAMhIfMRF indRMbNS 18dst beAfdrépHoblcem$@¢ith|fiRe BBYnRr.Second secti on,
the first section having a first mating surface and the Second section
havilig a second mati ng surface;

2. An article according to claim 1, wherein the flexible polymer comprises an acrylate

polymer, an epoxy polymer, or a combination thereof.

3. An article according to claim 2, wherein the epoxy polymer is the reaction product
15 of a two part epoxy system.
4. An article according to claim 2, wherein the epoxy polymer is the reaction product

of a one part epoxy system.

20 5. An article according to claim 1, wherein the filler comprises a micropowder.

6. An article according to claim 1, wherein the at least one hydrophobic

semicrystalline polymer has microcrystalline domains.

25 7. An article according to claim 1, wherein the at least one hydrophobic

semicrystalline polymer comprises a polyolefin.
8. An article according to claim 1, wherein the at least one hydrophobic

semicrystalline polymer is at least partially fluorinated.

30
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| ocating the electronic device in the first section of the first container;
appl ying a bead of gasket precursor material to the first mating surface of
t he firstweeaotwwswnf the container; curing the bead of @asRsrolpo2mU SOr
material to forma cured gasket; and placing the second section of the
cont ai ner such that the second mating surface of the second container cones
into contact wwth the cured gasket and such that the first section of the
cont ai ner 9and “eridde acrerdes ta Gainps. wheseis s Buaimategdipolyangicop@risesal | y
surround toeaqk%ftr&gﬁqmggvice wherein the gasket conprises: a flexible

pol yner; BRdVEHTHYET V' ElYd wherein the filler includes at |east hydrophobic
sem crystalline polyner.15. A nethod according to claim 14, wherein the
filler conprises a mcropowder. 16. A method according to claim 14 wherein
the at |ed8t oAa aiyee aptonbing tasdaint Fysheaeinithrefiles|cpmpris¢ragcaterthar showal0 i ne
domai.ns. %%V 3 met h q according to claim 14, wherein the at |east one
hydrgphobi ‘§)ﬁ?e falline polynmer is at least partially fluorinated. 18.
A nmet hod according to claim 14, wherein the at | east one hydrophobic

sem crystalline polymer conprises a polyolefin. 19. A nethod according to
cl ai m 17, lwher dinrartitie a¢ppeing odliion sdmitheryeompirisingean sbiciramic deviepr i ses
poly(tetrafl uoroethylene) . 20. A nethod according to claim 14, wherein the
filler conprises wherein the filler conprises greater than about 25 wt % of
the gaskets 2 hn a@tiél@h&'%?diﬁ%&pélﬁiihﬂgl,tv%e@éiﬁ!tﬁg bt er@iHe dabiet eopRicNer and
gasket conmpl etely encapsul aie the el ectronic device. 22. A nethod accordi ng
t o dilai m ¢aglosetike dicetramie dawgcecconpri ses heating the precursor

13.  An article according to claim 11, wherein the electronic device comprises a hard
disk drive.
15 14. A method of sealing an electronic device comprising;:

providing a container having at least a first section and a second section, the first
section having a first mating surface and the second section having a second mating
surface;
locating the electronic device in the first section of the first container;
20 applying a bead of gasket precursor material to the first mating surface of the first
section of the container;
curing the bead of gasket precursor material to form a cured gasket; and
placing the second section of the container such that the second mating surface of
the second container comes into contact with the cured gasket and such that the first
25 section of the container and the second section of the container at least partially surround
the electronic device.
wherein the gasket comprises:
a flexible polymer; and
a filler, and

30 wherein the filler includes at least hydrophobic semicrystalline polymer.
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of a flexible polymer to a tenperature capable of initiating a curing

reaction.

23. A nmethod according to claim 14, wherein curing conprises

exposi ng wbeomvmsesnsor of a flexible polyner to acti ni cpPradisatiooedo19

10

15

20

25

15. A method according to claim 14, wherein the filler comprises a micropowder.

16. A method according to claim 14 wherein the at least one hydrophobic

semicrystalline polymer has semicrystalline domains.

17. A method according to claim 14, wherein the at least one hydrophobic

semicrystalline polymer is at least partially fluorinated.

18. A method according to claim 14, wherein the at least one hydrophobic

semicrystalline polymer comprises a polyolefin.

19. A method according to claim 17, wherein the hydrophobic semicrystalline polymer

comprises poly(tetrafluoroethylene).

20. A method according to claim 14, wherein the filler comprises wherein the filler

comprises greater than about 25 wt% of the gasket.

21. A method according to claim 14, wherein the container and gasket completely

encapsulate the electronic device.

22. A method according to claim 14, wherein curing comprises heating the precursor

of a flexible polymer to a temperature capable of initiating a curing reaction.

23. A method according to claim 14, wherein curing comprises exposing the precursor

of a flexible polymer to actinic radiation.
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