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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 may be controlled using
automated equipment, programmed according to selected coordinates to provide a gasket

20 having a desired shape. After forming to a desired gasket pattern, the fluid elastomer
thread may be cured, either at ambient temperature or in an oven, with or without
accelerators or other additives.

Fluid elastomer compositions, suitable for form-in-place gaskets, include

condensation-reaction curing silicone rubbers and addition-reaction curing silicone

25 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
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

30 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

overcome with the development of a silicone rubber composition described in U.S. patent
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and gaskets in electrical and electronic components. One special and particularly
20 interesting form of gasket is the electromagnetic interference (EMI) shielding gasket. EMI
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
EMI, may be used as gaskets that typically require a flexible, elastomeric, rubber-like
25 matrix filled with a conductive material that is readily distributed throughout the flexible
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

30 compositions and methods are revealed in related published European applications, EP

0643551 and EP 0653552. Each reference describes EMI shielding sealant compositions,
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process né%XlO?lﬁ‘CS for hard disk drives. For accuracy of dimensions, placement and final
positioning, various patterns of form-in-place gaskets, according to the present invention,
20 require the dispensing of elastomer compositions using automated liquid dispensing
followed by in-place curing to soft, resilient gaskets, exhibiting moisture resistance,
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-
25 part formulations requiring addition of a curative before curing. Regardless of the
components included in an uncured gasket composition, the curing process may be
initiated thermally, photonically, a combination of both, and/or, in the case of two part
formulations, by simply combining the parts under ambient conditions. One preferred
embodiment uses photocuring to initially solidify a gasket bead, which is then heated to

30 complete the cure and aid removal of remaining volatile components. Preferably uncured

formulations provide non-slumping dispensed beads of gasket material having good
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20 The present invention further includes a non-silicone, form-in-place gasket
produced using automated placement, followed by curing, of a pattern of an extrudable
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

25 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.

Photocurable compositions according to the present invention provide form-in-
place gaskets using automated placement followed by photocuring of a pattern of a non-
silicone composition comprising a liquid polyolefin oligomer, a reactive d-iluent, and a

30 curative. The form-in-place gasket, after curing, has a level of total outgassing components

of 10 ug/g to 45 ng/g. The curative included in form-in-place gaskets according to the

present invention responds to actinic radiation and heat, and may contain a photoinitiator.



25 15% a level of outgassing conponents fromlOp.g/g to 45p.g/g, and a
Shore A hardness between 45 and 65, preferably between 50 and 60.
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el astonmer_ conpositions nmay be conveniently extruded fromtubes, such as
needl es, famp-i-pldee 88kpk essuri zed reservoirs, to provide small dianmeter (-S
1 mm) beads of sealant followi ng the contours of a required gasket
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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
20 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.
The term “photocuring” refers to the use of actinic radiation, preferably ultraviolet
radiation, to produce reactive species that promote crosslinking and curing of monomers,
particularly epoxy monomers present in form-in-place gaskets according to the present
25 invention. Preferred photoinitiators include onium salt photoinitators.
The term “curative” as used herein may include a “photoinitiator” for the purpose
of photocuring as above.
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
30 curing. A non-slumping material is important for maintaining cross-sectional profile

stability of a dispensed bead, of elastomer composition, before and during curing.
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The term "outgassing" relates to the collection of volatile components produced by
evacuation of cured non-silicone gasket compositions according to the present invention.
20 Established criteria require microgram (pg) quantities of volatile components for each
gram (g)of composition evaluated.
Material amounts in compositions according to the present invention are given as
percent by weight (wt%) unless otherwise indicated.

Detailed Description of the Invention

25 Dispensable elastomeric formulations, 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
resistance, minimal compression set, and adhesion to selected substrates. The primary use

30 for resilient gaskets, after curing is to provide sealed interfaces between surfaces of
protective containers. An effective seal prevents access of contaminants to protected

structures.
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containers of electronic conponents, the cured, formin- place gasket
becones pbeapeskeidecomdeeompressee ohdarithainedhanicel fapys! dpplied tv addssgbe t he 15
cont I ner criteria con owa nd gasket
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with a reasonable amount of force. To accommodate the possible use of electronic
assemblies in differing climatic regions, cured gaskets, according to the present invention,
20 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,
measured by ASTM D395B. Low values of permanent compression set assure the
25 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
30 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
epoxidized polyolefin backbone. Hydrophobic liquid prepolymers impart hydrolytic
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elimination of surface stickiness on a heat cured gasket bead. The absence of surface

20 stickiness facilitates re-entry into structures sealed using gaskets according to the present
invention. Also, a non-sticky, cured gasket bead has a lower tendency to capture foreign
particles. Formulations of UV curable form-in-place gaskets potentially offer lower levels
of total outgassing and may be altered for various degrees of rigidity and associated
vibration dampening characteristics to meet the needs of a range of applications,

25 particularly as required for hard disk drive manufacture.

Since ultraviolet radiation promotes curing of gasket compositions, the relative
positioning of ultraviolet exposure equipment with gasket dispensing equipment will
determine how quickly a gasket bead will adopt and maintain a desired shape. Exposure
immediately after dispensing reduces the need for additives that promote thixotropy, such

30 as fumed silica filler. Reducing the amount of fumed silica filler improves the rate of flow

of uncured material as well as the softness of the cured gasket material. Softening the

gasket material reduces the closure force needed to provide an adequate seal between the



15 ultraviolet radiation exhibits inproved retention of a prescribed shape.
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Property ad| ustment 1 n t uncur e 1 on O
react ant sglvemeabphcamen for form in-place gaskets. Custom formulating becomes an essential

20 task for satisfying the many applications for gasket formulations according to the present
invention.

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

25 drive containers, include good sag resistance of uncured material after being dispensed,
low compression set, ready compressibility with normal closure forces, substantial
freedom from contaminants, and good adhesion to target surfaces. Table 1 shows typical
properties for preferred gasket formulations used with hard disk drive containers. The
formulations adhere well to aluminum and stainless steel, while exhibiting moisture

30 resistance, with low moisture vapor transport, as required for an environmental seal.

Suitable liquid oligomers, include substantially linear polyolefins such as L 207, a

commercially available epoxidized Kraton from Shell Chemical Company. This dual
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gasket coppboidreiiRREROrding to the present invention rmay cure by
exposure to actinic_ radiation and heat, as discussed previously. Curing by
actini c radi afreared tiegaalcaring pgants, acqeeding ip the ppssentanvanting, areliqwd on

phot Ogenm&rﬁ@s &fvaﬁfotlé B'B{nCL(ﬁﬁ?i(ﬁllce)s, sﬁ’csfli dAC39 - polypropylene glycol

di(dodecenyl succinate); dodecenyl succinic anhydride (DDSA); methyl tetrahydro-

20 phthalic anhydride (MTHPA); methyl-5-norbornene-2,3,-dicarboxylic anhydride (AC
methyl); methylhexahydro-phthalic anhydride (MHHPA) and combinations thereof.
Liquid maleic anhydride grafted polybutadiene (available from Ricon Chemicals) may
also be used as a curing agent.

Addition of a reactive diluent, such as PRIPOL 2033, a polyolefin diol, reduces

25 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
Elf Atochem; low viscosity epoxy functional compounds, such as diglycidyl ether of 1,4-

30 butanediol available as HELOXY MODIFIER 67 from Shell Chemical; and diglycidyl
ether of neopentyl glycol available as HELOXY MODIFIER 68 from Shell Chemical.
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formin-pl acecb’é rhegiqgif P?r QIEanCR9GeYEs VYifl praperglisersionel thy, to produce
t hi xot r ohearBheitibAY, Suri hﬁ‘img'o% Rﬁﬂﬁh%aée%aﬁce@?&rrﬂ%i%hﬁ“aﬂﬁﬂ)a&%ﬁ ern, these
filled fornmulations nmaintain their profile and di nensions through thermal
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gasket beads. A low-shear mixer reduces this problem to a minimum, and is preferred for

20 preparing formulations according to the present invention.
Zinc catalysts have been used successfully to catalyze the anhydride-epoxy cure.
Suitable zinc catalysts include zinc ethyl hexanoate (ZnHex), zinc neodecanoate, zinc
undecylenate, and zinc stearate (ZnSt).
Details of form-in-place gasket formulations, disclosed herein, are merely
25 exemplary of the invention that may be subject to other variations that also depend upon
the introduction of characteristics, 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
30 the spirit or scope of the general inventive concept as defined by the appended claims and

their equivalents.
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as i rrproved vi brati on danpeni ngqlbt her mal é%lgn ow outgassing etc. to
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to those ski ccordl varl ous nmo ons
made W t Igibd-Geiggpthiat was freaped Bbefdre tcsmmhﬁzearhgempeomént; Mcg&mmb i nvent ive

concept as defined t he appended and thej 11 WO
031 025 13 8oMEN URTEREPES PR SHBCLiTE H13 rrunt S Folzgails o onal
ol ef§ n avai | alpRgpHI OBBKrAdiffr KR m&&mé)tl&s%%g%ﬂfﬁe uiafdriddepnan epoxy
functional end group separated froma pfimary hyd roxy functionality by a

pol y( et hyHEN&/AZ7§! ene) backbone. L207 has an epoxy equi val ent wei ght (EEW

of L-2203 is a hydroxyl functional poly(ethylene/butylene) having a hydroxyl

equivalent weight of 1700 as supplied by Shell Chemical Company.
9080 is an octyl epoxy linseed oil from Elf Atochem.
20 G1000 is a liquid hydrogenated butadiene diol available from Nisso.
AC-39 is a polypropylene glycol di(dodecenylsuccinate) from Lonza Inc.
DDSA (AEW 266) is dodecenyl succinic anhydride (M.Wt. - 350) available from
Milliken Chemical.
RHODORSIL 2074 is a photoinitiator comprising iodonium-pentafluorophenyl
25 borate, available‘ from Rhodia.
ITX (Isopropylthioxanthone) is a photosensitizer used to sensitize gasket
formulations to an increased range of wavelengths of ultraviolet radiation (available from
First Chemical Corporation).
Cat stock (Catalyst Stock Solution) refers to a mixture of materials including 38
30 wt% RHODORSIL 2074, 10 wt% ITX and 52 wt% P107.
BYKO052 is an organic defoamer from BYK-Chemie USA.
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Heat-Curable Form-In-Place-Gasket Material Compounding

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

10

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

Experimental Methods

15

Description of ASTM D395B

freezer at a temperature of -40°C until needed. Prior to using material from a syringe, the

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

thickness between two flat plates, bolted together. The compressed samples are then

placed in an oven at 70°C for 70 hours. After completing the heat conditioning, the

20

samples are immediately removed from the compression assembly and allowed to

equilibrate at room temperature for 1 hour before measuring the final thickness. The

compression set is calculated as the percentage of the original deflection as follows:

C=

(Original sample thickness) - (final sample thickness)

13



R805 is a hydrophobic treated funmed silica available from Degussa-Huls. 5
Table 1. - Typical Gasket Properties Property Value Test Method

Conpr essiwo 096211390 t 0 20% ASTM D395B Hardness (Shore A) 26T45050ee A
Duroneter Total Qutgassing 10g/g to 45 g/g GO/ Mass Spec. Flowability (g)
0.24 to 0.42 Fixed Tine and Pressure Dispensing Aspect Ratio 0.50 to 0.90

Cross Section_ Analysis .Tg.- 40 - 46C. DSC t - Cur abl e
For m I.n- Pl ace_(@gwéfsw%ﬁycéﬂne%ghgg g mlﬁﬁ@ﬂeﬁ glq\ﬁ%raésemb}@d t oget her
in a double planetary vacuum m xer. After mxing was conpl eted, the

mat eri al was djischarged into 30 cc syringes and stored in a 10 freezer at
a tenper ded. Prior to using material froma syringe,

tion o
the frozen ma ' @12@%@ fg]b&ll S.
Experi nment al Egnlﬁgéés 1@3 scr%ﬁ%@%ﬂgﬁﬂa&%ﬁ%ﬁgéﬁpn ri c%rfetsyd\?%tga“é
sped nmens ShotchA autdmeatérteser abfoappantperateeel y 6 mm and a di aneter of 13 mm
are conpressed 25% of the original thickness and held at that conpressed
t hi ckness between two flat plates, bolted together. The conpressed sanpl es
are thenDepérdfiRd JfORhsgMeTMt 70C for 70 hours. After conpleting the heat
conditioning, the 20 sanples are imediately renpved fromthe conpression
assenbly and &lureswsenples wesgapigassed peinge dyrasnic theadspacetayien apparatus AictHChbef or e
measurin ' i . r ' {s.cal cul ated as the
por cont add Dfouy;aPhe baleCi oGfic] dere SRIREF BTG Ry dolof o T 2l
t hi dknesshromatdgragly innfatel with 6 kixessecttdndér d3éddarl 138 PCT/ US02/ 26029
(Original sanple thickness) - (Conpressed sanple thickness in test
assenbly) Description of Shore A Hardness Sanples with a thickness of
appr oxi Mgl bilgy BNy € tested for hardness by using 5 a Shore A duroneter

tester at room terrper_a_t ure. )
The flowability of a material, as used herein, measures the.amount of material

output under a fixed pressure and time interval, through an opening of fixed diameter.

15 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

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

20
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
transition region between the glass and rubbery temperature regions in the DSC heating
25 scan.

Description of Aspect Ratio Analysis

Dimensional stability of a dispensed gasket was assessed by measuring the height A
and width of a cured gasket bead that had been dispensed at 413.4 Kpascals (60 psi)
30 through a 14tt syringe tip (1.6 mm opening) available from EFD. The syringe tip was held
9.5 mm (0.375 inch ) from a substrate while the syringe was slowly moved at

approximately 5.0 mm/sec (0.20 inch/sec) to allow the bead of material to gently fall upon

14



Description of Qut ag ssing TM Cured sanpl es were outgassed using a dynam c
headspace oven apparatus at 85C for 3 hours. The collected volatiles were
anal yzed weiosag2tiber mal desorption gas 10 chronat ography i rCenfSazz2a t h a
mass spectroneter detector. Flowability Testing The flowability of a
material, as used herein, rreasures t he amount of material output under a

fixed pressu e and_tinme |nterv hr ou in f fi ter. 15
Fl ovby | GBI citieiPPeBieAaesd Pian Lenaured il Gk dar 0% FepricA BB K580
Di Spenserof‘metﬂéa&Wﬁ?tlﬁﬂ@h@éﬁﬁl‘x’ﬁ?az%@ﬂfaﬂ@{o otMh @lckcds symndiisaeRaed from a

30cc reservoir (syringe), through an orifice (needle tip 14tt from EFD)
havi ng a edimimed sndesfa mlcﬁ)s:m(eaomsllrn(thﬁ)beaAhpugb'Smsﬂr\éldﬂoth&_’@&)mt Kpaseal s (60

psi) was e i a.duration of 20 seconds. The wei ght
of mat er.dS{%Pfa‘zi‘&gPX%‘i‘%P%ﬁ‘b% etaﬁg’ lép{wt(t}gbuc{i rdﬂbr essure was recorded. 20
Descggiption of Tg nethod The glass transition tenperature (Tg) of cured
speci rrens was det er m ned u5| ng. at dllfferentl al scanning calorineter (DSC).
The Tg =t sr=alt s S transition region between the
glass and rub ) W & 2m-if s

Description o?%%géa?t ?r?;ﬁ?}js@g %%ﬁé%ﬁ@a??ﬁ?ﬁff o1 g’q’d&l spensed
gasket vms@S@ﬁB@éamatqnah’eawcn algminen bEicghens vaticthwkdedseodt GSTomed.@ds ket

bead t hat. een disp 3 4 Kpascal.s 0 i rough a 14tt
oy nge. 6790 TREHs e Ry o meredaf Wit B fmarnelink & i 1hal BRI Rad fel o
9. 51g™m (Qh@aﬁpécnﬁéﬁs Wére Rstedost hatkéh téfileQestditrt 8 ¥égadRnWag ofl1@ y noved at
approximately 5.0 mm sec (0.20 inch/sec) to allow the bead of material to
gent |y fann/mipwis (495 vwohdsmoel)138 PCT/ US02/ 26029 the substrate. The

di spensed bead was then cured at 160C for two hours. A small length of the

bead was then sliced with a razor blade to obtain a cross section which was
exam ned under a m croscofable® nea¥Formulbfich Bembléei-ght and wi dth. The

gspect rrat IMnat‘é;aTl det Nlm Aed hﬁ' e f*'3ng he i} hei-ght—by *6h° bead w dt h.

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 18.3 15.2
R805 13.7 9.5 9.8 10.8 11.0 11.0
PRIPOL 2033 - 9.5 12.2 12.0 9.1 12.2

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

15

15



Descri ption of Lap-Shear Adhesion to Al um num Lap-shear adhesion (ASTM
D1002) was evaluated by curing the formin-place- gasket (FIPG materi al
bet ween avomBnzrrsspeci nens with thi cknesses of 0.53 mm (0PO0ZAIS02/2®EY . The

t hi ckness of the FIPG material was approximately 1.14 nm (0.045 inch). Lap-
10 shear specimens were tested on an Instron tensile tester at a separation
rate of 1.27 mm m nute F?r | ati on Exanpl es
1-6 Material 1 2 3 4 B4 555 594 60° ~5260.9 AC-39 18.3
24.6 - - p}@,fé@,z 2 -TI8 3 16.5718.B I5. 2 [RAS 1I3. /5 9.5 98 10.8 11.0
11.0PRIPC]_20 9.5 12.2 12.0 9.1 1.2 ZnSt 0.910.6 0.8 0.9 0.6 ZnHex
0.6 ShorB\dKH@ﬁmeﬁ 1/0. SJZ(D 1 @500 150)..01 158.05 \WO103B/ P23%B8

PCT/ USO2+26029—TFabl Prepetties o ruatigr—Exaaptes—1z6{ Property 1
23456 CORIESR dnes J3b°0 4870 37136 8l 0187. o 58’0 | Chldr éssi on Set
18. 4 13. 7 T3 owdbillty /- 7_11-028 1 ovapq1l 11y 0%025| U034 0. 4029 B409s2% 0. 28
Aspect Ratio 0.86 0-84 0170 0.84 0.80 D.78 Total outgassihg 13 89 23 - 32
21 Tg -45 - Asm:ctRatms -46 Q.80 5;hé)a&4 agh@sgi0on| 49.84 41 0.80 150.T&ble 2 and
Table 3 oFffr-atHoRsacto gt o herpresent—Lavertor—and
properti esu]&éijlqnégi‘ YR natler 131 s :"? e +or formmi n-pl3gce gdskets.
Aut omat i[C di speRgl Nng 5 equ14|gment may be yged| t o_provi &g npn-44 ulpi ng

gasket ads curable by application of A
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
5 equipment may be used to provide non-slumping gasket beads curable by application of

heat.

Table4 - Comparative Examples C1-C4

Material C1 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 12.2 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

16



heat. Table 4 - Conparative Exanples C1-C4 Material C1 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 12.2 9.8

PRI POL 2088 036520338 9.1 15.2 L-2203 - 13.1 - - ZnSt 0.3 - PETAIN2/3602¥NnHex -
0.9 - BYK-052 0.1 0.10.10.1 16 WO 03/021138 PCT/ US02/ 26029 Table 5 -
Properties of Conparative Exanples Cl1-C4 Property C1 C2 C3 C4 Shore A
Har dness 47.0 59.0 64,0 41. 0P Corrpre ' 3 39.3

Fl owabi ity 0.37 0. d#bls S5 gProperties g iplss 64-(gft 83 0. 78 Tot al
outgassing 31 4%, 9 - | -49 -4F E3p sne@g aginegyon]- - 41 56 Table
6 - Conparative Eéj’én‘gl es C5-(8 Materjal C5 @ C7r C8 [-20Y 63.0 64.9 69.9
76. 8 DDSA 1Sh®e11\2H2rd118552 10.|0 4RE05| 129D 12. 410.. 2 ¥2.B PRI POL 2033 9.1
9.1 - - -ZnaSt 3—1-5 0708+ BY052 01 01+9-1+021—-5
Cf)mpressmn Set 116 83 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

Table 6 - Comparative Examples C5-C8

Material C5 Cé6 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
5
Table 7 - Properties of Comparative Examples C5-C8
Property C5 Cé6 C7 C8
Shore A Hardness 66.0 64.0 62.0 64.0
Compression Set 9.3 13.3 12.9 11.7
Flowability 0.22 0.19 0.22 0.16
Aspect Ratio 0.84 0.86 0.29 0.35
Total outgassing 49 34 - -
Tg -46 -44 - -
Lap shear adhesion - 14 - -

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-
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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
FI owabi | iwg 08/02@39. 19 0.22 0.16 Aspect Ratio 0.84 0.86 0PR¥/1B08%x029T0t al
outgassing 49 34 - Tg -46 -44 - - Lap shear adhesion - 14 - Tables 4-7
I ncl ude conparative exanples Cl-C8 showi ng how certain properties, by

falling qutside of a desired range, inpair the performnce of these
exanpl es FEracE 8¢ gﬁ?sckﬂﬁ- @u;jqa(l)@ﬁggprp _ RPN BigH 9§ Key o ﬁfcﬁﬁséggeal i ng
gaskets. pArBahARESf BhskBl MREHAL GScoPdifY LIRS pkdientifVention FUGw RS idividual
performance of gasket materials according to the present invention.
However , prongrtigscan provideoipdicatomsofpatenpplofailare. Contparatior exasiplgsdiknt i al

' . ' h d
val uos. o O B CHG S e SHk % S rineS el Con g R SlieP e

Undesi r abhepretantel iravi@bUhiésirable peafiowability sipeam el alchahiteritfc cfeoppuativy e
exanples C6, C7 and_C8 while C2, C7 and C8 exhibit | ow val ues for aspect
ratio. AfstmBles Conty and 68 vleforh C/pnd ek exhilit lopnvaliess forsasped Fpionhngthshpl es C
1, and : ] i e

Phot o- Tﬁg?%@ﬁ%%kgg%gfﬁﬁﬁ% ace\é@%{abgﬁle@%ndlﬁ f‘}g@?@%"‘tﬁﬁ Iéﬂs)lt7 - 12) 10
Cat al yst eBtvateH vabiesibf aomprésionsiebck) Preparati on The catal yst stock sol ution
was prepajed using A4 h'1 ot ati onal Hauschi ld peedmi,xer DAC 150 FV
Oper at| ng VAVAY, 9, P O Ol Siaiy as O HK “‘5 W0 RHC 2074 W t h 10
W %0 TX anitalPst SeéckoIhition (Baeadld Préparddiont he Conpositions of Exanples 7 - 12
15 A series of steps was used to place anmounts of material shown in Table 8
into the previhggatalyst geck solutin wesusenaredusing@highwpeed rotationsl dagsihild of

fumed silg ] @Tﬁ i 0 tanh N E re . I e mXx
cont ai nergpggdéﬁl%ggé% a %‘6?@%@%9&5§m ﬁ%e?rgﬁﬂééﬁgﬂ%gglﬁﬂg{ Funmed silica
was adde®RHODORSIEQ0OZ4 wathdOnwtss WX Andrd X imi PH073000 rpm f or

Preparation of the Compositions of Examples 7 — 12

15 A series of steps was used to place amounts of material shown in Table 8 into the
previously identified Hauschild mixer. With the exception of fumed silica the formulation
constituents were charged to the mix container and mixed at approximately 3000 RPM for
one minute. Fumed silica was added in two equal amounts with mixing at 3000 rpm for
one minute after each addition. After complete mixing of each formulation the resulting

20 form-in-place gasket composition was transferred into black syringes and protected from
the light.

Gas}(et bead test samples were manually dispensed through a 14 tt EFD syringe tip
onto aluminum weigh dishes. The dispensed bead was exposed for approximately 20
seconds to relatively intense ultraviolet radiation from a Lesco SPOT CURE LAMP. The

25 lamp, having an intensity of 20W/cm® at 95W power, was placed approximately Scms
from the gasket bead, which received an energy dose of 8.73 Joules/cm. Each sample was
exposed to the same amount of ultraviolet radiation before heating under various
conditions of time and temperature to advance the cure process. Characteristics of the
cured form-in-place gasket material could be varied depending upon the amount of heat

30 applied.
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one nmnute after

each addi

tion.

After conplete m xing of each fornulation

the resulting 20 formi n-pl ace gasket conposition was transferred into

bl ack syrwogem2:assl protected from

the |ight.

manual |y di spensed through a 14 tt EFD syringe tip

di shes.

aDlc

Gasket beadprreaSoz2daopd es wer e

onto al um num wei gh

The di spensed bead was exposed for approximately 20
relatively intense ultravigle

seconds to

25 | anp, having an intenst e OV was pl aced
appr oxi rmat saterggs| T rom fhe @asket @ea ) chl recel ved ap energy dose of
8.73 Joules/cm_Fag¢h sanplle was lexposed to thel sane appunt of] ul travi ol et
radi atign bbf?é)ﬂe héati2dy nd¥1vdriet@ [comditilone8sf tirfd.and tenperature
to advarjce P FurePEacess a.abt?1.ot%cs of+the—ecpret—Forim i n- pl ace
gasket naterlg coul d Ee var] dependi g upon |t he anmbunt of Heat 30
applied.] 18 ohgp03/ 021138 CTLUSO:/ZﬁQ@Q Tabl'e |8 - _Forpul at i on Exanpl es
7-12 NMhatlerial 7 8 9 10 11112 1-207 72 59.1 64 .0 72 68 5 4.9 P-1510
8.1 14.8 - P-107- 9080 ~ - |16.0 - |- --P-10781- | g.2 7,2 722 RRIPOL 9.4 -
10. 1 9. 44 AP 07 2033 100604 B~ Cat-Sstock—G3—3.0 0.9 0.9
0.9 0.9 Rﬁg@gﬁg_o 10?% 9]0 9.0 S.Oﬂ§f0 Tagﬁ% 9 -iﬁﬁopert%ég af Formul ati on
Exanpleq 7-223%Y 8 9 10 11|12 Tinme (hourjs) 1.0 1.0 1.0} 0.75 0.{75 0.75
Tenper athe-(CO-100 100 100 150 150 150 1Total Qut g:—LQQi g ( ppn‘) 140 12 240
28 260 |19 G1800 17[88 - 5 ¢4 148 Time- (hdurs) 2.00 2:0 210 20 2.0 2.0
Cat stock 0.9 1.0 0.9 0.9 0.9 0.9
R 805 9.0 10.2 9.0 9.0 9.0 9.0
Table9 - Properties of Formulation Examples 7-12
7 8 9 10 11 12
Time (hours) 1.0 1.0 1.0 0.75 0.75 0.75
Temperature (°C) 100 100 100 150 150 150
Total Outgassing (ppm) | 140+ 12 | 240+28 | 260+19 | 110+ 17 | 88+5 94 +6
Time (hours) 2.0 2.0 2.0 2.0 20 2.0
Temperature (°C) 150 150 150 150 150 150
Total Outgassing (ppm) | 68+ 12 | 120+ 26 - 1006 | 46+19 | 36+6
5
Results from Examples 7 - 12
Formulations shown in Table 8 were evaluated for outgassing under conditions as
shown in Table 9 that included photocuring for 20 seconds, as described previously,
10 followed by heating for various times to promote further curing. Total outgassing varied
depending upon the raw materials comprising the gasket formulation. Thermal curing
removes remaining volatiles, with longer times and higher temperatures producing lower
values for total outgassing.
During thermal curing the appearance of a gasket bead generally changed from a
15 relatively colorless transparent condition to a brownish color with retained transparency.
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Tenperature (C) 150 150 150 150 150 150 Total Qutgassing (ppm 68 12 120
26 - 100 6 46 19 36 6 5 Results from Exanples 7 - 12 Formul ati ons shown
i n Tabl e Wowsnzi188/al uat ed for outgassi ng under conditi onsPas/usstizne i n
Table 9 that included photocuring for 20 seconds, as described previously,
10 foll owed by heating for various tinmes to pronote further curing. Total
out gassi varied pendi ng. upaon the raw naterl als co t he gasket
for nul at | mlﬁfﬁl@flﬁﬂ%ﬁ%@ lqnafapiletor@mwwg kgt bea geVﬁﬂJeH% Mhger times
and hi ghahtehQndedrad S SroRh@ 4 Wehies cbleMRinnef Beatbsort. Priok & Bbst-Dakigp Sk -

During thermal curing the app€arance of a gasket bead general Ichhanged
froma Dsadsavereiclest WQMPmeetsn@pmmc elfus suggests tthtstﬁnae bf abarderh col or
with ret trans CT/U 260 nati on of
the or os TSR0 R RS cope LRy SertEle vl CpRRa AEh R u Phor o

i nt efise Qﬁép@ﬁ@daﬁ&bﬁrearfmdl platé gixker col ored i nner bead core. Prior to
post - baki ng, asket beads wer e cI ear and transparent in appearance. This
suggest s RS : AN ' ¥8aP —ein over a resili ent core that
may aff ect therhwfgmi AEPE T b1 328 1 Ao cBmbaRf anghecur ed
formin-place gas 1'lilt?dlglrsgpar atm on oi@gﬁef(grrpos?tlcorr?g Ex Ie5613 - 23
The f or myuattiRossdatbbaplanstaryaabeini GuzerdCampéunded matarial wesrﬁmchaﬂgmﬂ fisning a one

i Schar gate PRy e Raf A Stakas FEEIRE oG ek EFBSAREroR i Fere 6% bl ack

EFDIGYr i ngedctedomige fitiltduging. 10 protected fromlight until curing.
U traviol et Phot OCUI’I ng Source The UV source used for curing these sanples

was a gerliirayigiet Pl LA SpyQilEeo mercury bulb from American U traviol et
Conmpany. The | ! ?Eg S I nt ense
than a Lesco 3&% %R%B%%@sﬁ giééé%u §“)a£‘ %ﬁélglggggg%aﬁn é%gﬁer ation
of exposunacufy bakefirhemdian AGatiolet Qompri. (Im:pn@aswthe itraviolst larapyin of

[ I 13 - 23
Ameri can tl%lstcgs%vis eseé\tmtensrg:q}? a Lesrcg%%rotlycmsLAM%e IHus accou t%? the%ncrease

15 duration of exposure of Examples 13 - 23 to the medium pressure mercury lamp of

American Ultraviolet Company.

Property Measurement (Examples 13 — 23)

Gasket beads were dispensed at 60 psi (413.4 KPa) air pressure through a 14 tt
EFD tip, onto aluminum foil previously cleaned by rinsing with spectrophotometric grade
20 hexane and 99% isopropanol and then dried in an air circulating oven for five minutes at
. 160°C. Outgassing testing (where measured) was performed on bead samples exposed to
ultraviolet radiation for five minutes followed with a two hour post-bake at 160°C in an
air-circulating vented Blue-M™ oven.

Flow tests were conducted with an EFD model 1500D pneumatic syringe

25 dispenser. Material was dispensed through a 14 tt EFD sytinge tip for 20 seconds at 60 psi,
and weighed.

Gasket material samples (h = 0.070”, w = 0.165”) for dynamic mechanical analysis
were dispensed onto glass slides using a controlled linear displacement stage. Samples
were then UV cured and post-baked at 160°C for two hours. Uniform sections of the

30 gasket bead were then cut and removed from the glass slide for dynamic mechanical
analysis. A Rheometrics Solids Analyzer was used at a test frequency of 1.0Hz and a

heating rate of 5°/minute. The temperature range evaluation was —100°C to 100°C.

20
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onto al um num foi l

tt EFD

tip,

spect r ophwo®a®LTIBE gr ade
an air circulating oven for five mnutes at 160C. Qutgassing testing (where

nmeasured) was perforned on bead sanpl es exposed to
for five mnutes followed with a two hour
air-circulating vented Bl ue- MM oven.
1500D pneunatic sy

nodel

ul travi ol et
post - bake at 160C in an
Fl ow tests were conducted with an EFD

Thﬁlg?oﬁ drsrRensish ExMabrEi13l1gwas di spensed t hrough

p T 20 seconds af 60 ps| and

(413.4 KPa) air pressure through a 14
previously cleaned by rinsing with

20 hexane and 99% i sopropanol amrdTiusemaes ed in

radi ati on

a 14 tt EFD sytinge ti wei ghed. Gasket
materi al| sMawdrig (h —1@ 0] 0" ,14W 3 0.1%65"|) flér dynalrﬁ c mecﬂu&nl dal anal ysis
wer e di $pensed-onto—egl-asstsH-desrusipg—agecpptr egf—gigpl acenent
st age. Sarrp]z'ép7 ekﬁpﬁén U\fi9c red 56141@ posgg-'%ak §g§ épof%r two hours.
Uni f orm[seqi.iorts of the 30 gmpketl bead vier e ¥ hen @ud and ggnovied fromthe
gl ass sllide for dypam c mechanicgl anallysis. A Rheanetrics Sdlids Anal yzer
was used atPdOfest frééuemcyl(bﬁ 1. 0P and d-3 heat oYy riat e88f 5/ minute. The
t enper atrorestange Hrormas T=IAPC o100 T 20 WO B3-H21138
PCT/ US02/ 28BIPE T4 8145 Ak rullat 15% Bxahbbes| 12248 Matkrd al| 13 14 15 16
17 18 L-2030%8.5 49.5 54|10 58.4155.3 50.8 P-1510 - 10.6 9.0(7.3 6.9 8.5
P-107 7.16.10.6 9. 0/7 3 6.9 85 PRIPO 18 4 19 1118 0 16.8 2049 22.4 2033
52 0.1 0.1 072 0.1/0.210.1 @dt stofd 1.0 0 11 00l o 1.004.0| R 805 9.2
9.2 9.0 948, 0,8 bte i+ Fforngy=atio anpt T Matierial 19 20
21722 23 FAAPks3] 4 ’59 5119 4. 5'80. r-j> 1510 0 39 g ff 11.3 11.8
R 805 9.0
Table 11 - Formulation Examples 19-23
Materiall 19 20 21 22 23
L-207 534 52.2 51.2 48.5 50.5
P-1510 8.9 8.7 11.9 11.3 11.8
P-107 - 35 5.1 4.9 5.0
P-4122 8.9 5.2 - - -
PRIPOL 18.5 20.2 21.8 25.9 229
2033
52 0.1 0.1 0.1 0.1 0.1
Cat stock 1.0 1.0 1.0 1.0 1.0
R 805 9.2 9.1 8.9 8.4 8.8
5
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Table 13

Properties of Formulation Examples 19-23

Property

19

20

21

22

23

Flowability (g)

0.6

1.0

1.4

Tg (°O)

-17.6

-17.8

-9.5

-18.9

-15.1

Maximum Tan delta

0.67

0.65

0.69

0.82

0.70

Time (hours)

2

2

Temperature (°C)

160

160

160

160

160

Total outgassing (ppm)

10

15

2014

Results from Examples 13 -

23

Comparison between Examples 1-6 and Examples 13-17 and 23 suggest that

t

y 19 20
-18.9

2222

20 1.4

nd
ace gasket

f
f

ol | owi ng
| ess
sanpl es.

photo-thermo-cured form-in-place gasket compositions show higher flowability and less

total outgassing, following similar curing at elevated temperature. There is also evidence

of less variability of total outgassing within a number of duplicate test samples.

Sample beads of form-in-place gaskets, exposed to ultraviolet radiation and then

post-baked, do not posses the surface stickiness that is present in samples of Examples 1-

6, which were cured only by heating. Gasket beads were folded upon themselves as well

as being indented with a spatula in a qualitative assessment of physical properties. This

study suggested material conversion to resilient elastomers cured using a combination of

photo- and thermal-curing.

Dynamic mechanical analysis was used to evaluate cured gasket beads to

determine if vibration dampening characteristics could be varied by modifying gasket

formulations. Results show that the various gasket formulations produce materials in a
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10 Sanpl e beads of formin-place gaskets, exposed to ultraviolet radiation

and then post-baked, do not posses the surface stickiness that is present

i n sanpl esoeB/oBispl es 1- 6, which were cured only by hearCmgsofZ®ket beads
were fol ded upon thenselves as well as being indented with a spatula in a
gualitative assessnent of physical properties. This study suggested

mat eri al conv on to.resilient ast ed a conpi nati on of
15" Dhot oSSR ERSY AN U PRy R o o oy B ape B RESTRa e o

eval uat e dels eslusemiR). 58 GBL The dsahgr tmvaﬁy &irnﬁih?él?érﬁ&éhﬁ%éfﬁﬁ&gﬁg
characteristics could be varied by nodifying gasket fornulations. Results
show t hatfoméatmm@dnﬁcgml@@n helprteneptimizgrvabrpieridasepenintgsior e¢réain ppexatiz WO

03/ 021138 pPet #ﬁg%{l&( ‘%ﬁ'% as§ e of glass transition tenperatures from-2C

o0 -32C, an 2 range maxi ﬁ?tan delta values fromO0.56 to 0.82. The
ab| 15ty to varas Idmdngetmnmtaﬁe prebétt ib@ntidt fvdisclosedmeraint Rewemreiif iseat i on
can help.to gQptim ze vibyation danpening for certaln operatlng condi tions

in disk Qfivpdersioad tat thedisclosed embpdimets arqymersly exeglampcIharefoes specififent i on
are di SC'd@&ﬁQdﬂ@lB@édherélH‘%‘eVﬂtto bt nft(ﬁplte%d a*a@m&mﬂ 3 AR Hx%f’e& hal b{s dic! osed
enbodi ments are nerely exenplary. erefore, det al 8|sc | osed
her ei n améaimsand @fs aa@p'reﬁcréatpreeha@is falsteaqhmgomgsklll;wdtln timrzm tp vasioslpampeyf or t he
cl ai s ang rFsentatlve basis for teaching one skilled in the art to
variousl y eeWBTe(‘}ymV WEr esent invention. 10 23 WO 03/ 021138 PCT/ US02/ 26029
VWhatois clainmed is: 1. A formin-place gasket produced using autonmated

pl acenment followed by 5 photocuring of a pattern of a thixotropic
non-silicone conposition conprising: a liquid polyolefin oligoner; a
reactive diluent; and a curative responsive to actinic radiation, said
formin-place gasket, after curing, having |evel of outgassing conponents
of 10 g/g to 45 g/g. 10
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2. Aformin-place gasket according to claim1, conprising 8.0 wt.%to 12.0
w.%of a thixotropic filler 3. Aformin-place gasket according to claim
1, conpriwDng/os03sm.%to 65 w. % of 15 said |iquid pol yolefriusombdogoner 4.
A formin-place gasket according to claim1, conprising 7.5 wt.%to 15 wt.%
of said reactive diluent. 20 5. A process for formng a cured
formin-place gasket having a total |evel of outgassing conponents of 10
g/g to 45 .tg/g, said process conprising the steps of: providing a

phot ocur ahl e, nan-si.l i cone conposition conprising a |liquid polyolefin

ol i gorrer%?f??se‘g eaés'di | uent and a curative responsive to actinic

radi ati on; dispensing said photocurable conposition as a formin-place
gasket bead; 25 exposing said gasket bead to actinic radiation; and
heating 3aid def¥Kkatrinilacg saskehprodpesdrusing-autampated placement fflowedbYpead and

subgtant p%m@;ﬂo@g" ARERADS tfRobik iR IMREACHpdsihtohfishg: Produce sai d
a liquid polyolefin oligomer;
a reactive diluent; and
a curative responsive to actinic radiation, said form-in-place gasket, after
curing, having level of outgassing components of 10 ug/g to 45 pg/g.
10
2. A form-in-place gasket according to claim 1, comprising 8.0 wt.% to 12.0 wt.% of

a thixotropic filler

3. A form-in-place gasket according to claim 1, comprising 50 wt.% to 65 wt.% of
15 said liquid polyolefin oligomer

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

said reactive diluent.

20 5. A process for forming a cured form-in-place gasket having a total level of
outgassing components of 10 pg/g to 45 pg/g, said process comprising the steps of:
providing a photocurable, non-silicone composition comprising a liquid polyolefin
oligomer, a reactive diluent and a curative responsive to actinic radiation;
dispensing said photocurable composition as a form-in-place gasket bead;
25 exposing said gasket bead to actinic radiation; and
heating said gasket bead to a temperature to cure said gasket bead and substantially

displace any volatile components therefrom to produce said cured form-in-place gasket.
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