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corrosion of the substrate if corrosive ions migrate through the swollen adhesive.

A conventional method of reducing the sensitivity of an adhesive to swelling by
water or solvents is 1o drive the network forming reaction to very high levels of crosslink
density. High crosslink density generally leads to high glass transition temperatures and
requires high cure temperatures. These factors can Jead 1o high levels of interfacial stress
between the adhesive and substrate if the substrate is a metal, glass or ceramic because the
thermal expansion of amorphous organic resins such as epoxy resins is much higher than
most metals, inorganic glasses or ceramics. For example, the coefficient of thermal
expansion (CTE) for an epoxy resin below its glass transition is generally about 60
ppm/ °C. The CTE for silicon is 2.6 - 2.8 ppm/ °C. If a high modulus epoxy resin is
bonded to a silicon die at a high temperature, a significant amount of interfacial stress is
built up between the adhesive and silicon die. If the silicon die is large and thin, the result

can be undesirable deformation or bowing of the die. If the die is rigid enough not to
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20 Another dchiciency of epoxy resins is their limited adhesion to certain substrates.
Epoxy resins are known 10 have excellent adhesion to some metals and good adhcesion to
some plastics. In general, epoxy-based adhesives do not provide good adhesion to non-
polar plastics such as acrylonitrile-butadiene-styrene (ABS) polymers. The use of epoxy-
terrninated liquid polysulfide polymers in epoxy-based adhesives is known to improve _

25 adhesion 10 some Lypes of substrates such .as steel. However, epoxy-terminated liquid
polysulfide polymers have not been demonstrated to improve adhesion to plastics such as
ABS polymers, poly(methyl methacrylate) (PMMA) polycarbonate, polyimide, or silicon.

Thus, there remains a need for epoxy-based adhesivcs having improved water and

solvent resistance and/or improved adhesion to difﬁcul:t to bond substrates such as those

30 made from ABS, poly(methyl methacrylate) (PMMA), polycarbonate, polyimide, silicon

dioxide, and silicon die.
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increase flexibility and reduce interfacial stress of the resulting adhesive but have a
20 minimal negative impact on the water and chemical resistance of the adhesive.

Another aspect of the invention is a method of bonding a substrate comprising the
steps of contacting the substrate with an adhesive composition comprising epoxy resin,
epoxy reactive thioether-containing compound, and catalyst and/or curative, and curing the
adhesive composition. The adhesive compositions of the invention provide adhesives

25 having improved adhesion 1o substrates including those made from ABS polymers,
polyimide, polycarbonate, poly(methylmethacrylate), silicon dioxide, and silicon die.

Another aspect of the invention provides an adhesive comprising the reaction
product of epoxy resin, catalyst and/or curative, and epoxy reactive thioether-containing

compound. The adhesives of the invention are cured adhesive compositions of the

30 invention.
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20 metals. The ability to widen the number of substrates that epoxy adhesives adhere to would
widen the applications for these materials. The ability of such adhesives to adhere to
substrates used in the microelectronics industry, such as silicon dioxide, silicon wafer dies,
polyimide film, and noble metals such as gold, and to plastics such as ABS and
polycarbonate makes themn very useful.

25 The addition of thioether scgmcnls into adhesive compositions provide a method of
flexibilizing the adhesive without having a significant adverse affect on the resistance to
swell and attack by water and/or organic solvents or corrosive liquids such as inks. The
ability 10 flexibilize an adhesive is important in developing low stress adhesives. To
achieve rc.sistance 10 swelling by water and/or solvent éomaining liquids, high Tg- high

30 crosslink density structural adhesive are generally used. However, such adhesives may be

brittle and lack desirable adhesive characteristics. The high glass transition
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20 oxiranylmethoxy)propyl]sulfanyl Jethyl)sulfanyljethyl }sulfanyl)propoxy}methyl Joxirane;
2({3-[(6-{ [3-(2-oxiranylmethoxy)propyl]sulfanyl }hexyl)sulfanyl]propoxy}methyl)oxirane;
and 2-({3-{(2-{[3-(2-
oxiranylmethoxy)propyl]sulfanyl jethoxyethoxyethyl)sulfanyljpropoxy} methyl)oxirane,
and combinations thereof. The epoxy reactive thioether-containing compound is present in

25 the adhesive compositions of the invention at levels of from 10 to 80, preferably 10 to 55,
more preferably 10 to 40 parts by weight.

Useful epoxy resins have the ability to cure with a variety of curatives and catalysts
and process conditions to form hard very strong structural adhesives. Useful epoxy resins
include those made from bisphenol, novolak, cresol novolak compounds, and other

30 polyfunctional phenolic glycidyl ether epoxy resins. Presently preferred epoxy resins are

diglycidyl ethers of bisphenol A, bisphenol F, bisphenol AF, bisphenol §, and

-5-
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days or P gg}n%ﬁr}ﬁy EBr‘FPEﬁIWFﬁ ﬁﬁﬂléiyl 8e %SH%@gﬁ{%ggﬁgo’ganuﬁglfvseﬁto !

cati oni Cﬁ'cIu»ae%umﬂxneLoﬁmmméseaﬁwya;aem%s P fuf@fonaEplicofit ¥hiagiabd,y cured
with a variety of er catalysts. Catalytically cured epoxies are

sonet i nemupifah@ianabcdrboxycevliceidy eruhifiunctepok meraapians, andanhpddaseiAnionig 25
am nes and transition netal conplexes can_ be used as cat al %t)gl for the

adh®si veCROYIBYR CHIBHYES. SHs s AmMiBss @%@fa&@'e&m(ﬂw YA ARz 0l e,
or bl ock egﬁr.gm%zqe% efil Ro; % B PAGH! 5 o acloﬁﬁﬁ {;llagsa&faclu}’aﬁhés L4 NGR&e

conposi t sen érre cured epoxy fornul ation

cont ai nSad:heQ@E%bh‘xbbﬁt:@ﬂ@uﬂtpr@,%n@ ﬁkm{-}ed‘}:uﬁz”ﬁtv@fbt m&l?&@kﬁoﬁ dhegnt unction
with "DEH 85", a phenolic epoxy curat i ve resin avail abl rom The Dow 30

Cheni cal fannmpams 15GhT A0yt50%a- iy -thdeqanediemine;. Al heraratigesn be peesapiasiani ons of

the amount from 0.75 to 1.6 equivalents of --NH per epoxy equivalent and preferably in

20 essentially stoichiometric amounts. At room temperature, curing takes place in about 6
hours to 7 days or longer.

Thioether-containing adhesive compositions cannot be cationically cured at room
temperature, but can be catalytically cured with a variety of other catalysts. Catalytically
cured epoxies are sometimes preferred to provide one-part epoxy resins.  Various lcrtial;y

25 arm'néé and transition metal complexes can be used as catalysts for the adhesive |
compositions. I.midazolcs such as 2-methyl imidazole, imidazole, or blocked imidazoles
are a preferred class of catalysts in these compositions. A presently preferred catalytically
cured epoxy formulation contains a catalytic amount of;!Z-cthyl-4-mclhylimidazo]c in_
conjunction with "DEH 85", a phenolic epoxy curative resin available from The Dow

30 Chemical Company. Catalysts may be present in the adhesive compositions of the

invention in an amount of from G.1 to 6 percent by weight.



invention in an anount of fromO0.1 to 6 percent by weight. -6 188JUL ®®os
WO 02/ 072725 PCT/ US02/ 03471 Various other materials canngg ,ﬁgﬁiz ‘gﬁlo t he
conposi WOIRNTHS i s customary with formulating epoxy conpo¥itiBna’ to
alter or even inprove the characteristics of the uncured or cured
adhesive. Such materials include solvents, viscosity nodifiers, filler,
coupling aggntgs 8€hgﬁﬁﬁie§"a}o;%ﬁ%e alliPloShe 8 ASSsiMen, R dsdusniirgwitheads or
bubbl es, plasticlzers, and1 flame retardants, such as antinony trioxide,
ext endefsrmdlAlghpoky gompesitionssteciiteasr evanhienproteathg hbaracigrisige of hie upewigdet i ve

particles, for exanple, thernally and/or electrjcally canductive,
m cr onavecsed edesres Sughmassriadrineide splvertanyisqosiy modias.dier coRRiing

Dependi _the desi funct i f. the additi 100
per cent St GIERGYSaFyPes Setst Rge Pt SRR TR 8 000 e
gr gup- C@%ggﬁ%%&OM%%%h&oﬁfﬁicﬁ&&mﬁilehaé}& lé@gﬂﬁﬂﬁlg%ﬂ@@d@h Rrrablserr ed

codplin are”epoxy-reactive coupling agents s as

gl yci dow\&h@mg hE&AIR oAU SIvE pakicleaion eparaply| themmallyrmdysidaneallind
mer capt opropyl trimet hoxysilane. A preferred filler is sph@%l (hael sj.l i ca.
Fumed sicbhdusivanmicrayeaversabdeptaps, @hbexidants) QY stabihizere aT B 1E6n LB Ut s.

Ge |y, the. adhesi, iti f th ti ' X i St
et o Beoniof E oS Fo, IO R B e P <t
ooy opt RASRE B Be SRl YPiporie EBLRCHRunMSLdibunal ilhenipasion addi ng

any opti trves, g the ™mxture at a suitable

tefgper atyiyenel 1Red 2 Fefefra® k:@u]ﬂn?lﬂgknt@fard dpoRy-reactive eouphingragsits suchhas
tenperature and time profile for curing any particul ar, adhesive
conposi tglypmddxypobpylrinheritoxysiaos, &W@OB@@XVIHI]@@PH)’%HHC'@&%I yst or curative

used. The techni ques used to dejermne e .2 L.at eftine
profile m@pammrpaﬂtraﬁe@awéﬁ% '%(P §Fd Hl?f P gp}\%e?%log\?\ﬁfl%ﬁllﬁm{]ﬁe@ﬁ {(aﬁtgfvl\ir edge
of those skj | . \YESeedtlst . The adhesi ve conpositions and
the adh&St 3@@&%’%5%%@?22%‘ ent itr})sn%canS be used for bonding .
application thaderdBQthe RIhdsihé implesitias o thenaventicarde suide bHfiry RIXPEance

and/ or bonding difficult substrates such as ABS Eo%g(gersb.gpol %i rp']dg:l, PMVA
pol §mer spof$ resol withtheospoxggeachve Hipgthgrraaning RemRRHas cOR PIHHDdEI TP ons and

th dhesi f.the i ti. I : . t al h
s gol 0. OrSREIYTIREPIIE i Gpr D SPH P AR R e e e -

An adhesj At OR e rdtiie forY QiitabRurhGuns oMy to apielthecksino Bubstrat e
or substﬂpgx?lérggpgg‘glgbltl)%n d,r the substrates are joined, and t_h& adhesi ve

Conposi tjefipetasurt AR el profilerfeccuwimgoanypattiquias adhgssye coppgsiion isdepeateld ve
compos! tlill?orrlm tgf: epoxy resin and catalyst or curative used. The techniques used to determine the

20 appropriate temperature/time profile for curing an adhesive composition is well within the
knowledge of those skilled in the epoxy adhesives art.

The adhesive compositions and the adhesives of the present invention can be used
for bonding application that require a high degree of water and solvent resistance and/or
bonding difficult substrates such as ABS polymers, polyimide, PMMA polymers,

25 polycarbonates, or silicon die. The adhesive compositions and the adhesives of the
invention can also be used to bond noble metals such as gold, platinum, palladium, silver,
iridium, and combinations thereof. An adhesive composition of the invention is simply
applied to substrate or substrates to be honded, the substrates are joined, and the adhesive
composition is thermally cured or crosslinked. For example, an adhesive composition of

30 the invention is applied to a print head or an ink-jet cartridge, the print head and ink-jet

cartridge are joined, and the adhesive composition is cured.



30 the invention is applied to a print head or an ink-jet cartibdgH, 0he

print head and _ink-jet cartridge are joined, and the adhgsl \
conposi E‘Y‘gﬂ”f’ Tred. -7 18 JUL 2005 WO 02/ 072725 PCT/ USHo NS84
Exanpl es Unl ess ot herwi se noted, the individual conmponents are avail able
fromchem cal supply conpanies such as Al drich Chem cal Conpany, Inc.,
M | waukee, W. 5 dossary RSL 1462 is commercially avail abl e diglycidyl
et her of bisphenol A and was avail able from Shell Chem cal Conpany,
Houst on,ExampRss- 3- am nopr opyl pol yt et ranmet hyl eneoxi de (Pol yTHF di am ne)
is a 10 polytetranmet hyl ene oxi de diprimary am ne havi ng a nunber average
mol ecul ar wei ghlesodtheayiod ootaddhedrsdi wdaillcabipentnte areBASHalde foor cheminal

Par si ppany,, NJ. SILSTAR LE-05S.is a brand of fuse heri c silica
filler (ERRIYNSMREDESSIEHADH dr&ﬁfmcaﬁgﬂm%wefmpm% Sn‘%Jé‘nerri cal
I nd#Jst rial Co., LTD, Tokyo, Japan. Epoxy silane is

3-gl yci doxypropyl tri net hoxysil ane (CAS No. 2530-83-8) and was 15
avai | abl@ieks Al drich Chem cal Conpany, Inc., MIwaukee, W. DMDS is
a %

di mer capt odi I k ! ﬂﬁz s - Q:’@"ﬂd was
avai | abloe from ?!tlg@%tljsf pecFai %Wgﬁwcg@?%%?{géé%gﬁgé% .
1, 6- HexananiBibifm SAABCHehi AL Campliy, MisismaTh@abl e from Al dri ch Chem cal

Company, M |waukee, W. 20 1,8-dinmercapto-3, 6-di oxaoctane, DVDO, (CAS #
14970- 87-7) was-eminapporylpolpeiraincbylenespde (RolyTHEdemioels2 Inc., Wite

Pl a| ns, . DE.H (r) 85 is a phenalig¢ epoxy curing agent S No
025636- fg}gel&amgw%e%@ ideAprimeryane hayihe sembes ﬁ;\%'@ﬂéi(ﬁ v erghbiefany .
M dl and. LS t c L. da . 931-36-2) and was
avai | abl%ﬁqc'r %’Ef%%é\%l%Pﬁcfﬁy%n%gp%&%ghg%&ﬁé&ﬂ#?mukee, W. Allyl
glycidyl et hegil SPAR Ne-05%1:Q%rdid vfasalghkabd 8ilfdadiNeA(TAE Mo, 6D6T4-8610)
Conpany, Inc., MIlwaukee, W. |GRACURE 651 is a brand of
2, 2- di menHoxas-ailiten flcar MippoindHemecal 1abissdd 61d-BP 2B, Japans No.
24650-42-8) gud MRS Ay Al 4 ARl Bk A DG B iBht VCAS No. 2530-83-8) and was

15 available from Aldrich Chemical Company, Inc., Milwaukee, W1,

DMDS is dimercaptodiethyl sulfide, HSCoH4SCoH4SH | (CAS No. 3570-55-6)

and was available from Itochu Speciality Chemical Inc., White Plains, NY.
1,6-Hexanedithiol (CAS # 1191-43-1) was available from Aldrich Chemical
Company, Milwaukee, W1.
20 1,8-dimercapto-3,6-dioxaoctane, DMDO_, (CAS # 14970-87-7) was available from
Itochu Specialty Chemicals, Inc., White Plains, NY.
D.E.H.® 85 is a phenolic epoxy curing agent (CAS No. 025036-25-3 & 000080-05-
7) and was available from Dow Chemical Compan);, Midland M1.
2E4MlI is 2-Ethyl-4-Methylimidazole (CAS No. 931-36-2) and was available from
25 Aldrich Chemical Company, Inc., Milwaukee, W1,
Allyl g]y;:idy] ether (CAS No.106-92-3) was available from Aldrich Chemical
Company, Inc., Milwaukee, WI.
IGRACURE 651 is a brand of 2,2-dimethoxy-2-phenylacetophenone,
CeHsCOC(OCH3)2CgHs (CAS No. 24650-42-8) and was available from Ciba Specialty

30 Chemicals, Tarrytown NJ.



30 Chem cals, Tarrytown NJ. -8 18 JUL 2005 WD 02/07272n PCT/ U1 %0‘9}-3@271
ANCAM NE 1922A is 4,7,10-trioxa-1, 13-tri decanedi am ne (%ﬁ%égﬂpnﬁ- 9),
an epSY ¥ ve, and was available fromAir Products and ohem cal s,
Inc., Allentown, PA  EPON 828 is a diglycidyl ether of bisphenol A and
was avail able from Shell Chem cal Conpany, Houston, TX 5 Adhesive Bond
Test Met hods M@-Siox 811X A i¥ideSinediamPid (AR HUAAES] eanni t h
silicon di ox’?‘ﬁ‘?lg‘égg?ag??%ﬁs %31@2024- T3 bare al umi nurrq (0.063 inch_thick)
10 3. KRBTV, A 3vdsnsailiti frioin AmPabduty andfCleamicalRdne., GepovatPdn 4.
ABS is an acrylonitrile-butadiene-styrene substrate 5 m t hi gﬁ( lavai | abl e
as ROYALI TEEPBN §28liaeklglyeidyh atheriobPpisphensd Aot Was a3jailable fem 3hel

pol ycar bona,tel\iubst rahe 5 m}fhi ck avail abl e as LEXAN pol ycarbonate from
CE Pl adthericald oRBEYoHOUSIORN A5 6. PMMVA is a pol y(net hyl net hacryl at e)
substrate 5 mmthick available as PLEXIGQAS from Rohm & Haas,

Phi | adel phia, PA Surface Preparations The 2024-T3 bare al um num al | oy was
sur f acex gh& BOnd Test Mellgbdso t he phosphoric 20 acid anodi zati on process
described in ASTMD3933-80 with the followi ng nodifications: a. The

al kal i MEhglatheentewmaof GNAYPE: 164 b. The deoxi di zes treatnment was the FPL

etch (as described in ASTM D2651-79 .. Par ra‘g_‘h 5.7, Method G c. The air
dry wasl-10 ndigomavaar dienib SO MoKids PIssVaU § * The force dry was 10

m nut es, at 155 F(68 C) The Sjd ?]y\ﬁ{&r die with silicon dioxide
passi vati on 2 4'E§garcai}lsurpén§'g|§(/dé%&m he1 PTON E fil mwas obtained as a

sigal e surfage PRIRIE @b intmticlomvabbisésot BuRbmiGagpandoivanuf act uri ng
Conpany, St. Paul, MN. The netallization had 30 _been co Ig&flo% renoved by.
base et4¢hi ngARSdisahlacadtesilobutadinestyropesubgte §Mm hiek apRPICAs| y

metalized SULTASRIIE ANY R o Bhird)L RAAbLOpLANd treatment.
5. PC is a polycarbonate substrate 5 mm thick available as LEXAN polycarbonate
from GE Plastics, Minneapolis, MN
15 6. PMMA is a poly(methylmethacrylate) substrate 5 mm thick available as
PLEXIGLAS from Rohm & Haas, Philadelphia, PA

Surface Preparations

The 2024-T3 bare aluminum alloy was surface prepared according to the phosphoric
20 acid anodization process described in ASTM D3933-80 with the following modifications:
a. The alkaline degrease was OAKITE 164
b. The deoxidizer treatment was the FPL etch (as described in ASTM D2651-79
Paragraph 5.7, Method G)
C. The air dry was 10 minutes at ambient temperature

25- d. The force dry was 10 minutes at 155 °F (68 °C)

The Silicon Wafer die with silicon dioxide passivation was used as received.
The KAPTON E film was obtained as a single surface metalized film from
Minnesota Mining and Manufacturing Company, St. Paul, MN. The metallization had
30 been completely removed by base etching and all adhesion testing was done on this

previously metalized surface without additional preparation and treatment.

-9



-9 18 JUL 2005 WO 02/072725 PCT/ US02/ 03471 Peel Strength Plep@gUbﬂmE
2024- T3 bare alum num were sheared into specinens that wer g i nches
(2.54 x WO@s/ ﬁUﬁ) in size and the al um num speci nens were gﬁ@&ﬁy‘y7
described 5 above. Six specinmens were placed side by side on a piece of
alum num foil and were taped to the alumnumfoil by nmeans of Teflon TM
tape. A scraper was used to apply a 10 ml (0.25 nm thick stripe of
adhesive to the two inches of the assenbly of panels that were not

covered Pel Sengeit | on(err) tape. The panels were separated by cutting the
a coatin

tape an of ceram c beads having a nedi an di aneter of about 10
mls (0.25 mPieaessofs¥IZ4rkd bate alumioumheera ghessed mte spacimens tievesellyi i de

filmd b b | i ed dh f h.th
et i | BEPISa e & 0BG 79 S0k AN DWE SafBERS Beriioaia b ﬁ%@bﬁgr :
cartboar 7R ?)Pép%%% Lt BLERTRRELY s oh's p1Ece S AROT o ar el

The speciiROaluBhEm!BR by GR48E BETeMbd ™ :a;&_otmér Ebmes ed 26 uﬁ@murmfxﬁnl and
anot her pi ece of cardboard and the conposite 15 assenbly placed in a

Carver pi0essmir)abickatipeed radpeseuestetthatwdi%ﬁh{s ofthe aasmbhsbd)@panals thzhemredm n
t he pressfor 10 m_nut eg, whi | ¢ mai nt ai ni ng Ilg contacéﬁ&y}e ‘tQ lied
on the w@ysEddmthedeflgrp 1Re Eb%ewrﬁéwera%ﬁ% XFOUE N 1 BFIAPS 2D F(‘}H?

press, n

pol yi i o8 e R T f e dideie i opo B L ORI (G TB AL Wil cprihied on

di ?@ anc&he ﬁahé%fveoco%ﬁﬁ?' ?ﬁ@p&@lrﬁldmmfde%ﬁﬁdﬂehb@%m@ﬁ apﬂle@rteaﬁd?adTMQVS/ 8 inch
(9 wi de strips peel testing. The sanple was affixed to a 90
peel f i xdunfaee psthrthé dem'ctahtﬂbsurfahomﬁtherﬁlﬁl fgcing e &hesive ATh/ spRirpensswere
Adhesi on and Adhe5|ves hnol og

m. ch, 28mbledon auwsces%f re"wagy %bl@é%gg&gﬁéﬁo WHI%\Q%%%CZ*(‘%’O}&J] thal in
' g‘4ngntﬁ%}n fa8 sidtenden @%{)@L@ e/ﬁﬁlca%ﬁl Buh y;slaeeel 4 sBESmeHPWER Berlcdverdy

when a rce va ue was obt al ned.

Peel forgihlafiothePpictEof Mﬂmﬂﬁmdcﬁl Ay &ﬁnm E]dca olf cavdBbdrd @ Bdeontpisite whi ch
was cal cul ated by dividi ng peel st ren%l A the wdth of the sanple. - 10
B

1813 UL 2666MWD Wiy ZETAS afelary¢1$0eysoat bmrreprsrﬁeaat 130 °C. The assembly was

heated in the press for 10 minutes while maintaining light contact pressure applied on the
assembly to keep the specimens aligned. After removal from the press, the coupons were
allowed 1o cool to room temperature.
The polyimide film samples were slit down the center and then again at a distance
20 of 0.375 inch (9.5 mm) from the center to create two 3/8 inch (9.5 mm) wide strips for peel
testing.
The sample was affixed 1o a 90° peel fixture (similar to that shown in Figure 9.8 in
A. V. Pocius, Adhesion and Adhesives Technolog,y An Introduction, Hanscr Publishers,
Mumch 1997} and the sample was peeled at 0. 01 inch/minute (0.25 mm/minute) and the
25 sample was peel‘ed for a distance up to 0.1 inch (2.54 mm) or until the point when a steady
peel force value was obtained. Peel force is reported in pounds force per inch width (N/254

cm), which was calculated by dividing peel strength by the width of the sample.

-10 -



A speci men of 2024-T3 al uni num was sheared into a size of 1 81Uk M¥ch
(2.5 x_ 3.8 . It was anodi zed according to the proce g@deﬁE‘hbed
above. véﬁ:’I"?"(ﬁ,-E)TZTr:BR'/vafer die were diced froma |arger waf e?ﬁ%lf{'}jo .8 mMmm
square die. 5 Flat gaskets of Teflon TMfil mwere punched froma | m|l
(0.025 mm thick film The gaskets were 4.8 mmin outside dianeter and
2.5 numeSHeasi de diameter. Drops of adhesive were assenbled in a row
al ong o‘n‘éLe'o%'e of a face the alum num panel. The TeflonTM gaskets_were
pl aced over Ahpecinibesf 2824 T6Rlurhianmt wes shearsd intp aizetnfd x hé indh €1 R3éhe

asket and a die was placed on the adhesiye. .The. assegbly wa Laced in a
gr ess d@gi)gﬂie‘élasl@ofi'@?g&ﬁiﬂ@i“ﬂgo Hearo arepfyeég%‘afpeﬁb%e-egﬁeg? S’ﬁ?e(f%é Y&l i es
and t he,.adhesi ve was cure - 10 mnutes. After renoval from

"t Tl v sfuel s

t he pre@_%e, re 0 cool to roomtenperature. The
di¢ shear Stfﬁﬂgﬁsﬂetﬁ‘@%ﬁﬁbmmd:ek&édm@hﬁm RAGOORQ5Bhm) Stidafilnst r engt h
Tester (availabl'e from Dage Precision |Industries, England) follow . ng the
di e sheRtie gdskeostere 4.85nmrinoatsideaameter ik Simmtmmsidpdippeist. Reapsafl . The
val ues of die shear force were obtaineq in.kiplo raags of forcF Fequired to
push t reshesing mereasserpbled o papyRlongipre §Rge %%}Zfrce gler WG BRS¢

cul ated
by di vigi l,he_easure I s eaithiiathe WoR in the

cal cyl_affe@%Tt (gaﬁlgc%o‘?ﬁrfé’q%%g%%ﬁb&%?gﬁs% %Egé@?%yoﬁﬁl eés ot ﬁer WI]IS] e

speci i gdyePdndstdi€ wa BRict @b ShevaihesiPé. ePiee Sxderylywiasi plaretiiin eprdss desgnedi th a
50: 50 isopropyl alcohol: distilled water m xture. Overlap shear was
me@sur efbrapplyindthedt amh mestaresioasdiatonis ashamblies 2rd theradbPyKgy Wov EWIEd At Thr ee

speci mens were tested for each |l e type.,d ass beads i

i anet o 30 fefar 1aqmedieso Afits FaOMBLLRT] BF PHBS 28 SRR ee sy Pl il
per centI S9 .88, toe;aur}gti on as spacers to ensure a 0.25 mm bond |i ne.
Testing%vé’gmdgﬂ" at a grip separation rate of 0.25 mmimn on an Instron

Model 4465  Ifpt@ld shksr shesbihSyatdmrtGadtoing LBNGER400 PG Die Shewifssnah Test
30 Qualitative Adhesion Test sanples were_made by

a k | aci ng.a ﬁl ob_of h
adhesi v@ester(@paitsbienfioml Bage Rynsipian dndusisies Englapd) lﬁ‘é“&é'@g IR e shey S8

interest. The thick f the gloh - :
%) Usopiossdhres OGEEGR L7 RANBTeBY PSut o bt ANk Srite sk Fore e buained

bl ade wgstSagnl Ot forde fefuf &R Sush e saiphooulAlf phsidioh. Thodipsdcamemagiher o
tested for ch sanple type.
was calculated by dividing the measured shear force by the bonded area that was calculated

to be 0.049 cm2.

20 Overlap Shear Test

Unless otherwise specified, plastic substrates were prepared by wiping three times

with a 50:50 isopropy! alcohol:distilled water mixture. Overlap shear was measured on.
25.4 mm wide specimens with a 12.7 mm long overlap. Three specimens were tested for
each sample type. Glass beads, 0.25 mm in diameler, were added to the composition at

25 approximately 1 weight percent so as 1o function as spacers to ensure a 0.25 mm bond line.

Testing was done at a grip separation rate of .25 mm/min on an Instron Model 4465

Materials Test System {Canton, OH).

Qualitative Adhesion Test

30 Qualitative Adhesion Test samples were made by placing a glob of adhesive,

approximately 2 cm in diameter, on the test substrate of interest. The thickness of the glob

<11 -



An adhesive was classified as "easy" to renove if the glob cogl Hiibilpeel ed
fromth S frate by inserting the razor bl ade between t | ob. and the
substra&oé)lf@i?glz%nce of 5 approximately 2 - 4 nun fromthg%igégz}ﬁﬁalthen
ti pping the razor blade away fromthe substrate. An adhesive was
classified as "fairly easy" to renove if the test results were between

" easy" ST ; £ cati - . g

G T oo B I bERLD iRl b Aire 12 1i8leSag AT BRI [t e e
gl ob andylbbe As st fwas Eetitnedk Gre tebed doivearB eampr tpeel front. An adhesive
was classified as "stuck"” if all efforts to renove it 10 via hand using a
razor bl ade rasabhesivowhyclassiftad asi'agsyofte remheveed thef glabllseslid\bg peeled fnom thg out

[ f b t that is, interfacial fail | d ted).
Gl coe. CURRHEE bi eipatng e aaschlde PEVESD 3¢ pbenfa G Ao pi ng
th ti -\ : i | al - dlhst d’é‘aatuﬂiz 1 . 15
d ;522 TL@Z%'%MSEI g&geraofﬁéréqﬁ(g%rag%ﬁ%h pérégll%rg#sr?ﬂ? on ( gi?aré?i ugs wer e

ei ther ohibadrated Anf e sivOinial ElaSiiiéPds *FaiAyHarg’ 1oGamone ffahe tes( FaSElis Wwéref r om
dynam ¢ nechanical tests. The DSC tests were carried out on a Thernal

Anal ysi sbeTwe@nl ®asy hand ‘ihificuh” Sasphiations.ednradhesve Waoohagsified & ‘idgflignll” Wer e
typi cally heat from?25 Ctp 225 C at 10 C/ m put The Tg was taken to be
the hal frem9vRd 'Sﬁfawr e ngfﬂ@'ﬁ t?ﬁéﬁgﬁﬁdgﬁﬁ?wmnﬂg?ﬁ iwgﬁy? Sgsisae mPERS ¢ on
(Tg) values.wer i i a i

ynan o Satylfteng BEANAR, MTRABNC W R &2 Suckeldh ARER @il

Rhapnet rvig fambhsidd a iy bhide \eiiteddn! ifdw Rafing oTEFiaad cfaldht £6d & cuktihgf ddtm
node, heating in 3 C steps with a 15 second dwell. The sanples for DMIA

t esti ng meses op Felprirabai(thyt iR Bodaterfagiy fatmesiovks bengaperaterbl d wi t h an openi ng
12. 7 i d 0. N d ..and i mately 50 T | d
Tade by cutt 1 1BEsmODEBRI PRI PhEBR R EE Pt RgRATr SR D8 NESF TEFr om

CHR | ndug}ih 1,895 el ohSTdisti B wStel Gk g t he tape to rel ease-coated
ool yest of P EPY: OS¥hrogyCilonbEbist ARSI B 18 8D Saart Exanpl e 1

Exanpl e 1 describes the preparation of Experinental Conpound 1,
2-1[3-(12-[(2- J [.
oxi¥ any| atassd xgnsihien ERY f anyl ] et hyl ) sul fanyl ) propoxy] net h

yl) oxirane éia(sg[rrzyn%tyorne(T%) zfalucs were either obtained from a Differential Scanning

A HE 'V e SHT/¢

Calorimeter (DSC) or from dynamic mechanical tests. The DSC tests were carried out on a
Thermal Analysis TA 2100 instrument. Sample sizes ranged from 2 - 10 mg and were
typically heated from 25 °C to 225 °C at 10 °C/minute. The Tg was taken to be the half-
20 height of the step transition. |
Ahternanvely, Glass Transition (Tg) values were taken as the maximum in the tan
delta obtained from dynamic mechanical tests (DMTA) done at a frequency of 1 Hzusing a
Rheometrics RSA 1} (Piscataway, NJ} dynamic mechanical tester in film mode, heating in
3 °C steps with a 15 second dweil. The samples for DMTA testing were prepared by _
25 cas(ing adhesive into a mold with an opcning 12.7 mm wide and 0.8 mm deep and
approximately Sb mm long. The mold was made by cutling an opening in silicone rubber
tape (SNS 4408 Solid from CHR Industries, New Haven, CT), and sticking the tape tb

release-coated polyester film.

-12 -



DMDS (50.01 g), ally] glycidyl ether (16.72 g), and | RGACURE B§UUL 2005
initiator (0.08 g) were shaken together in a glass jar until the

i ni tiat™P 0WAR78 ssol ved. The solution was irradiated undelUsEPEE 15w
Syl vania 350 nm bul bs for .two hours, during which time it was

occasi onal | y shaken. Conpound 1, shown as Structure |, was recovered by
10 conc ntra]i n of the reaction mxture in vacuo at 80 C to renove
excess gﬁ%ﬂ’—%fyci dyl ether, and was used without further purification.
NVR anal ysi sEQﬁmfﬂ_@q de3Clibsate Prepaidfibn of BberRb@allCtdhpddnt 17R{¢34{ B(@nd
olefin functionalities had reacted. O A ~i O~/ ~S~/~s 15 Structure 1.
Exanpl e{[3-(Bxanpl e 2 descri bes the preparation of Experinental Conpound 2,
2((3-[(6-J [3-(2- .

oxi r anyexienhbmsthpropsepyJen! faaylhesabsylfany etk v apbpeeoxrimaiiy ) S%rdng ne
(Structyre 2.%1 %0 1, 6- Hexanedi t hiol (10.50 g), ally] glycidyl ether

(18. 72 é)lr,uc% 1YRGACURE 651 initiator (0.08 g) were shaken together in a
glass jar ungy Hod 1aRLE hér$96.Y24), ahBIRGATWRE®S 1 iisiaiof (08 at ed
under two GTEM{E%?%PS%F?%%WE%%E?ES fo(ré)two hours, during. whi(ch tinme
it was gosasishaan wwgahakan. glSsjramntiie inthwmwaslisoivedt Thesautionyas
recovered. by concentration of the reactign mxture in v,acuqﬂ&% .80.Cto

renove evadied aideywoGAd 85V Svanin a0 nahyitgder (b «dysng whick ps 1

ot capt b YR X nEPRPOHE] R ef SUSRERE Fonat BRI 12! Y 5
g!guct uE@cﬁntrﬁl%&fﬁﬂ@h&Q@é} mRul2hQééi a J8CT WA USdEEss divhaRicRlyB

npl e escribes the preparation of Experinmental Conpound 3, 2-({
3- [ ( 2- { ethér, ah@ wax iusadyltheitfanborpueidiyaticn | N 4R /analysis of the isolated product
et hoxyet hoxyet hy]) sul fanyl | propoxy) net h,}/,l )oxjrane, (Structure 3.) 5
1, 8- di mivdécedothat ﬁlmrcalamndam%ﬁr(ﬁ@%m&il,leh 3q1eagiedci dyl ether (55.9 g):
and | RGACURE 651 initiator (0.26 g) were shaken together in a glass jar
until the initiator s dissolved. The solution was irr®diated under two

GTE 15W Syl vani a 350 W@WSWSNSWO\A
15

Structure 1.

Example 2
Example 2 describes the preparation of Experimental Compound 2, 2({3-[(6-{[3-(2-

oxiranylmethoxy)propyl]sulfanyl Jhexyl)suifanyl}propoxy ymethyl)oxirane (Structure 2.)

20 1,6-Hexanedithiol (10.50 g), allyl glycidyl ether (16.72 g), and IRGACURE 651
initiator (0.08 g) were shaken together in a glass jar until the initiator was dissolved. The
solution was irradiated under two GTE 15W Sylvania 350 nm bulbs for two hours, during
which time it was occ:asionally shaken. Compound 2, shown as Structure 2, was recovered.
by concentration of the reaction mixture in vacuo at 80 °C to remove excess allyl glycidyl

25 ether, and was used without further purification. NMR analysis of the isolated product

indicated that all mercapto and giycidyl ether functionalities had reacted.

O
Q\\/OWS\/\N\S/\/\D/\%

30 Structure 2.
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hours, during which time it was occasionally shaken. Conmpound 3§ fholh as
St ruct ur s recovered by concentration in vacuo at nove
excess \%I q2’"&¥@8| dyl ether, and 10 was used w t hout furtﬁ)gjtjﬁb%'?‘rl”%e]&ation.
NMR anal ysis of the isolat ed product indicated that all mercapto and
olefin functionalities had reacted. O O Structure 3. 15 Exanple 4 Exanple

4 descri E@épﬂg 3preparation of a silica filled adhesive containing

Experi me ound 1. RSL 1462 and D. E. H 85 were heated at 125 C and
mxed until &xamps3 Hesthbedhe psepareiontf ExpedmentabCompotindB, 246(S-ER4(Bd to
25 C and the 20 remaining ingredients excluding 2E4M were added and
stirred (:bpxamy.lmlihmmrqpyjbulfmyhlﬁfé@cymh@éyelbﬂgmfmyl]mepwx&d methyDeaivaneas

t hen add t| rred for several mnutes to fully dissolve the catalyst
in the a c)orrp05|t|on The amounts of the nmaterials used to prepare

RS Eﬁgr.cone”ﬁ?gﬁ Aigitiago L bl DAL AR Gty i IR B S tna 1
35 LE OSIRGATURE 649 iod (9264) e hkch beihfr G ik i oiniini? i

Conpar ative Exanple | Conparative Exanp descri bes the (ﬁ)r epar ati on of
silica fdisseddedadhimssolesort was lrrﬁimcrbmm nmaGT@ii:\éfl Syl vamea BS0 hmdwillisdor spoxy

resins, PolyTHF di am pne. Conparatiyve @d%eail ve -14 'I’lfg '\;%L ZOOI%I WO

02/ 07272 BowSTauTiaEY gk pime leaf#f)egqaﬂoaﬁ gfhdCeppoy PYEASBRLIS P,
whi ch ‘| t
leq f or PRSPEErcH bl AhEerfrauiE L RLEREES L | PrendRiRERS UL AL P oS
Polly THEwWRs Gsdd: wﬁh&ﬁfﬁ&&mxmcaﬁﬂi\/l NMR @il ies $ahé Eo&‘iecﬁpﬂoanﬁ indicated that

all mercapto and olefin functionalities had reacted.

o
RN N N N e VN W\ W Ve

Structure 3.
15

Example 4
Example 4 describes the preparation of a silica filled adhesive containing
Experimental Compound 1. RSL 1462 and D. E. H. 85 were heated at 125 °C and mixed
until a clear homogeneous was obtained. The solution was cooled to 25 °C and the
20 remaining ingrcdicnts excluding 2E4MI were ﬁd_dcd and stirred for approximately 15
minutes under vacuum. The liquid 2E4MI was then added and stirred for several minutes
to fully dissolve the catalyst in the adhesive composition. The amounts of the materials

used to prepare Adhesive Compositions ! and 2 are shown in Table 1.

25 "i“able 1

Adhesive | -RSL | Experimental | D.E.H. SILSTAR Epoxy | 2E4MI
Compositions | 1462 | Compound | 8S LE-05 Silane .
I 40g 80g 40¢g 347 g 053g | 2.17¢g

2 40g 8O0g 4089 47 g -- 2.17 ¢

Comparative Example 1

Comparative Example 1 describes the preparation of silica filled adhesives that

30 contain a typical flexibilizer for epoxy resins, PolyTHF diamine. Comparative Adhesive

- 14-



Cl 40a- 8.0 4.0 34.7 0.53 2.16 C2 40 g 8.0 4.0 34.7 g - Zqu@@pmsve
Conmpositions 1 and 2 and Conparative Adhesive Conpositi C2 were
t est ed WOU2PEIPSt ance to swel ling by neasuring their m.%@‘f’%‘&?ﬁ h a 96/ 4
m xture. of water/n-butanol. A degassed portion of each sanple
conposition was poured into a 10 10 cmx 10 cmx 0.16 cmvertical nold

preheated Lo 130, € and N SRR ARoRUEAOhERLARoThHISBICR, WEADEpkegODt ai 0

fully c res ric pecl mens appr oxi mater 1.5 cmx
1.5 cm éﬁ Jebds iHEQRa RAKRANISEH Soramshedive @bnigbsaiohdQ aGd@acuum oven at 2
torr fo 1hours The specinmens were then carefully wei ghed and i mmersed
in a vessel containing a 96/4 water/n-butanol solution. The vessel was
seal ed and placed in a 15 60 C ovenTabhe2speci nens were periodically
repoved, rlnsed with water, carefuII EI ed with a paper towel, and

wet gheg—Fhe—+-neren 9 i i fren' s
suscep |(5‘PTF‘P?59"?'E)5 $ V\gﬂ‘ fﬁéf g lb’élvc%ﬁd E p(ragf)%gg) | n"(semé Jvzggwflh
original __weight. The resultls Higmifeedort 33 R L 2 Adhibsive
Conposiftion @1 Day % Sw0¢ 7 |Da 88 8vel]l 430g_. 30% 3488% D 05hRu) 12.%08 | C 1
1.96% T 28%E&P 1.61% LyPp% [Theg dat a |i n4lepl e 3 Badigcatp that _cud-bbig
sanpl es—made—ftTomAdhest ve conpositions T and 2, which contain
Experimental Conpound 1, exhibit |ower. weight gains and hence .25 are nore
resistant toagnedivé @mgesm/aﬁ@r ARd Duha Cokmphaive tAdbss verGdmposiconOipadat i ve
Adhesi ve Conpositions and C2, which contain a typical

f1 exi bi CR»eare tebfedlfdr Hslst@OOB swmﬂlwa)mv%mﬂdﬁlwe’z%géﬁ? m ,a_\gﬁé%'m%ure

Co t | and t h fi,
usgﬁof oobR P AdeeiseR PPN At SRS s ORI L oured B2 167, €1
4-T3 ?gg@:é‘%?‘o % zﬁ’ﬁ‘[’ol& g:&eae&i&lﬁﬁ@@fﬂi the @aﬁpnewreaffopm yi mi de

mto ano alum num These adhesi ve tests are described in

the Teshnﬁ@&?ﬂdﬁj(ﬁ‘@w Miﬁhﬂlﬁ&ﬁe@&dﬁtchethmksmm bricks. t fpecireenss are reported
in Table 4. Table 4 .
approximately 1.5 cm x 1.5 cm were cut from the bricks and dried in a 100 °C vacuum

D

oven at 2 torr for 2 hours. The specimens were then carefully weighed and immersed in a

vessel containing a 96/4 waler/n-butanol solution. The vessel was sealed and placed in a
15 60 °C oven. The specimens were periodically removed, rinsed with water, carefully dried

with a paper towel, and weighed. The increase in weight, which is an indication of the

specimen’s susceptibility o swelling, is recorded as a percent increase over the original

weight. The results are reported in Tablc 3.

20 Table 3
Adhesive Composition 2 Day % Swell 7 Day % Swell
1 1.30% 1.61%
2 1.08% ' 1.30%
Cl 1.96% 2.28%
C2 1.61% 1.90%

The data in Table 3 indicate that cured samples made from Adhesive Compositions
1 and 2, which contain Experimental Compound 1, exhibit lower weight gains and hence

25 are more resistant to swelling in water/n-butanol than those made from Comparative

Adhesive Compositions Cl and C2, which contain a typical epoxy flexibilizer.

-15-



Room Terrperature Peel Room Tenperature Die Sanple Strength (N1@diii m5h)
Strength é %‘? (I'b/in width) 1 11.43.0 (6.51.7) 59058 2 13.333.9
(7.62.2)Wa4 @27236 1 4.00.7 (2.30.4) 487.4 C2 5.60.7 (3.28CHUSEYIH™M0 The
data in Table 4 clearly denonstrate that Conparative Exanples Cl1L and C2
are inferi or to t he Adhesive Conpositions 1 and 2 in adhesive strength
as neasured ear e le. 5

descri bes the geesbvgr(; mB%SI(S?nSAg?ﬁ ds?' \%ﬁed go'r%%gmu’?x %@e%‘é%?%ﬁw%ﬁgggelgnd
Experi memg Wer%%’ﬁ%aﬁe bohds 818 sifican Qxdi%eslbdskﬁﬁtcﬁ isItc8h waMhﬁé {0/2024-T3
Conpositions 3 - 16 t he conpositions of which are shown in Table 5,

wer e pr epadiedd ahmnnuhmnmdtto prépargd@qeedLspecintgs of ipohimide fHretwi02443 The
vari ous conponents of each sanple were added to al um num pans and m xed
by hand ampiized ahvsninpme Thgenadnesive destnarg degsyibgd i thelest Msthods session above C

5.Cfor 1 ho e the Adhesive Conpositions.
Ta dﬂgﬁﬁgf“\?gpﬁglt E%éﬁ'?’ﬁé?ﬂoglcgl’é&ggblF%ent al Experinmental D.E.H 2E4M
Conp03|t|ons 1462 Conpound | Corrpound 2 , Comound 3 85 3 4.50 0.495 --
-- 0.50 0.22 4 4.01 1.015 -- -- a?e 2 53.501.52 -- -- 0.49 0.22

6 3.02 2.0 -- -- 0.502 0.23 7 2. 51 0.499 0.22 8 4.52 -- 0.496
g -- 0.505 0.235 16 1aJU 2005 WO 02/ 07272‘-') PCTI 1IS02/ 03471 Adhpqi ve RS|

Experi nental Experinmental 1 ExgeomdiemperadrePeel 2E4 462
OoPrpounJI I Oorrpguﬁ@}@ qurpoundrjg:;%grﬁ?ﬁ/&ﬁ)mdth@ 995%90@%} 2’]§1i
3.51 --|1.51 -- 0.51 0.2205 (Ib/in width) Strength (kg/em<)

1 11.423.0 (6.5+1.7) 590+58

2 13.343.9 (7.6+2.2) 43572

Cl 4.01+0.7 (2.3204) 48+7.4

C2 5.6x0.7 (3.2+0.4) 80+45

10 The data in Table 4 clearly demonstrate that Comparative Examples C1 and C2 are

infertor lo the Adhesive Compositions | and 2 in adhesive strength as measured by die

shear and peel strength.

Example 5
15 Example S describes the preparation of Adhesive Compositions containing

Experimental Compounds 1, 2, and 3 and no silipa filler. Adhesive Compositions 3 - 16,
the compositions of which are shown in Table 5, were prepared according to the procedure
described in Example 4. The various components of each sample were added to aluminum

pans and mixed by hand. The pans were then heated in an oven at 80 °C for 1 hour, 120 °C

20 for 1 hour, and 175 °C for 1 hour to cure the Adhesive Compositions.
Table 5
Adhesive RSL Experimental Experimental Experimental | D.EH. | 2EAMI
Compositions 1462 Compound } Compound 2 :| Compound 3 85
3 -4.50 g 0.495 ¢ -- = -~ 0.50 g 022 ¢
4 401 g 1.015¢ -- | -- 0499g | 022¢g
5 350¢g 1.52 g -- -- 049 ¢ 022 ¢
6 302 ¢ 20g -~ -- 0502¢g| 023¢g
7 251 g 25¢ -- -- 0499g i 0.22¢g
8 452g -- 0.496 g -~ 03505g ) 0235¢




11 2.99 -- 2.0 g -- 0.529 0.218 12 2.50 -- 2.51 g -- 0.53 0. 23

4.50 --\-0.31}970._53 0.224 g 14 4.02 g -- 0.997 0.51 0.22 g, 3 Q%L m5

1.52 0.M992H7H18 16 2.56 g -- -- 1.739 0.43 0.169 g Conparative Exanpl e

2 Conparative Adhesive Conpositions C3 - C O the conpositions of which

?lre ~shown in Table 6, contain typical conmercially avail able epoxy
exi PITAZEERe and RAT ef ExpELARal#d Bhpdimeneges Expa@néddal D.B.H hpt2EAMI

descr ?_ﬁ 'pﬂtig%%?‘hpll%f" %ﬂoﬁﬁ.p. M o droBRd Yel ECorRRMhEd nt9§4 nch x 4

i nch k—t+1 e S aia-_curead T ' an oven
hour , 120 for 4 ¢13 and175--C yﬂrﬁ%sgg Takl o _? (Eg'b sz'ﬂg

RSL Phly THE zzLl DERe7Ro D F o 84 el 81460 2100 0822 O0b8 BO-280%E |
.- 10[0 4.61g CABY9P [ 20.6 -- -l- 1020,.6 | C5 76.0 g BA-P2g-| 0218
4.6 |05 9019 -- [0)§0p-|10.0-4.6 |C7 8Q5Dg-- 20.0 -- 10.0 B5Hgg| @B288Q.0
60.6- oéuoubfg Uhi;féiqg 1600 0§ --] -- 40.0 20J0 g)_,ggé 9 | 9.8 4D.0024¢ -

. VT AUTTESTV 11 -
conpositi oM of h"ﬁi.\.ga'n sh%‘.".@. i UT;Db;lg-U;I, L;(;:’:?g?g?#%r?llg)?j i r‘o'g?gnc
epoxyi ter mhat ed| pb#9gul fi de-resins and~ were|pr cha? gd_b,LQadfg’ PN I
i dent{cal 1@ tha} 2is6gr[bed in Exanple 4 The|sanbl®g wel 438 prlelffse
i n al om num pans and m xed by hand. The pans were then heated in an oven
at 80 C for 1 hour, 120 C for 1 hour, .and 175 C for 1 hour to cure the
Conpar aCowipardtdhe BExamplio?positions. -17 1 8 JUL 2005 WD 02/072725
PCT/ USO 471 Table 7 :

Comparative Adhesive Compositions C3 - C10, the compositions of which are

shown in Table 6, contain typical commercially available epoxy flexibilizers and were
5 prepared by a process identical to that described in Example 4. The resin mixtures were
poured into 4 inch x 4 inch x 1/16 inch molds and cured by heating in an oven at 80 °C for

1 hour, 120 °C for 1 hour, and 175 °C for 1 hour.

Table 6
10
.. RSL | Poly THF | ZZL-
Compositions 1462 2100 0822 DER 732 DEH.85 2E4M1
C3 900 g 100¢g - -- 100¢g 46¢
C4 800¢g 200 g - - 100 g 46 g
C5 700¢g 300 g - -- 10.0 g 46¢
Cé6 90.0¢g - 100¢g - 100 g 46 g
C7 80.0¢g -- 200¢ - 100 g 46 g
C8 1800 g -- - 200g 200 ¢ 92¢g
C9 160.0 g -- -- 400 200¢g 92g-
C10 1400 ¢ - -- 600 g 200 ¢ 92¢g
Coi‘nparativc Adhesive Compositions C11 - C16, the compositions of which are
shown in Table 7, contain Morton International epoxy terminated polysutfide resins and
were prepared by a process identical to that described in Example 4. The samples were
15 prepared in aluminum pans and mixed by hand. The pans were then heated in an oven at

80 °C for 1 hour, 120 °C for 1 hour, and 175 °C for 1 hour to cure the Comparative

Adhesive Compositions.
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Conpositions RSL ELP 612 ELP 3 D.E.H 85 2E4AML 1462 Cl1 4. 4819_@2 065
0.50 0.23 Cl12 4.00 1.09 -- 0.51 0.24 C13 3.52 1.52 -- 0,50 0.22 Cl4
4.52 -- WOBWRIE 0. 23 g C15 4.06 -- 1.02 0.51 0.22 016"9“5!115"%5"3511 0.24
g The swelling of. Adhesive Conpositions 3 - 16 and Conparative Adhesive
5 Conpositions C3 - C 10 was characterized by neasuring the weight gain
of the sanples in a 96/4 m xture of / n-butanol and in Lexmark cyan
ink. The cyan ink is fromLexmark's ed ink jet cartridge, part
nunber 12A4980—Specirens—welghi-ng—approxiratel 03 -g—were—eut—frgm t he
1/16 i nch |t GemRroSions | prRYar el EHO6E  |dr iEeP Bor | 2R BBuS ht 8B4Mli n |a
vacuum oven, and wei ghed4b2fore i mersjion in a vial contajning ink gr the
water/n 1Q butanppl solugign. [The 3o al s| were then phaged in am.ven gt 60

C. Sanpl eg—wer 2peri ah%alg g VEG rom_ne svvebl q“'Ooisdz
carefully%—e%—gmu. —prap Howel T =-ortHi—easeTor—t RS Hsed-wi t h
wat er and Lpat.t rll dr.v axg \&L_ 2 C- 0 0

cal cul ated_frofléhe fbrddlg |(swol-len weithkg- (dri Qa8 wei g®3¥ £ orilgi nal
wei ght). (The CeSul ts!at@6ghown ina Tabl e 1802 ghe |webDghtg gaj n &2 3 |days
is reported Togjghé Ib §BSG NENs soak d Tnsygt el 7 ngBytanol , andy § he
wei ght gaimafter 13—days 15 reported for the —specrmens soaked T ctyan
ink. The glass transition (Tg) tenperatures of each specinen were
measured by %S@Tgn%&%ﬁélﬁ&m G&Tl%@slﬁll(ﬁls&' aﬁmtﬂmﬁﬂ'afﬁ@h@h&wﬁdhes' ve
Wat er/ n Conposi tion butanol an | 31.9%1.9% 129 C 4 2.2% 2. 3%
115 C &cﬂnﬂn%tﬁmé%lom@waﬁcBarE@(a:ﬁzeﬂ%yMeﬁunﬁgﬂ)f:?\%:@hegmﬁaf (Be s8mple9ib 4. 7%

124 C 9 2. 1% 1. 8% 104C
“96/4 mixture of water/n-butanol and in Lexmark cyan ink. The cyan ink is from Lexmark’s

colored ink jet cartridge, part number 12A1980. Specimens weighing approximately 0.3 g
were cul from the 1/16 inch thick films prepared above, dried for 24 hours at 60 °C in a
vacuum oven, and weighed before immersion in a vial containing ink or the water/n-

10 butanol solution. The vials were then placed in an oven at 60°C. Samples were
penodically removed from the swelling liquids, carefully dried with a paper towel, or in
case of the inks, rinsed with water and patted dry, and weighed. The percentage weight
gain was calculated from the formula: (swollen weight)-(original weight)/(original weight).
The results are shown in Table 8. The weight gain after 3 days is reported {or the

15 specimens soaked in water/n-butanol, and the weight gain after 13 days is reported for the
specimens soaked in cyan ink.

The glass transition (Tg) temperatures of each specimen were measured by DSC

and are shown 1n Table 8 as well.

20 . Table 8
Adhesjve Water/n-
Composition butanol Cyan Ink Tg
3 1.9% 1.9% 129 °C
4 2.2% 2.3% 111°C
5 2.4% 2.4% 100 °C
6 3.5% 2. 7% 74 °C
7 5.7% 4.2% 63 °C
8 1.9% 1.7% 124 °C
9 2.1% 1.8% 104 °C
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Conposi tion

but anol

18 18 JUL 2005 WO, 02/072725 PCT/US02/ 03471 Adhesive Water/n}8aphdl®nk Tg
_ F: 10 2.8%2.1%89 C 11 3.3%2.3% 77
C 13 WORNTHIF 127 C 14 3.0%2.1% 115 C 15 3.7% 3. 0%

Cpetpistylyy3, 8% 68

6 3.9% 4. 0%

69 C C3 2.0%1.8%123 C C4 4.0%2.5% 107 CC5 12.1 %9.9% 44 C and 92 C
C63.6%3.0%102 CC788%7 7% 75 C C8 2.2%2.1% 133 C C9 4.3% 3.5% 47 C

and 115 C §d§§/}¥7% ¢,-I03C CI1 2.4%{2.1% 133C Cl17 3.1% 2.6% .
114C C13 4. Z(V% 07 (, Cl a??% . % Lyandnk C15 4. 1% £1%81 [C C16
8. 0% 8. 5% 62C-CRROFLLY e < efronstae—that ertafl] Conpounds
1, 2, and 3 kan bd%sed to L odd?t he | ;.l_assgi?‘.’a.n,sifmn f@m\,.&atu. e of an
epoxy resin Mhile iiai nt ai|ni ng3§&bvent and-3%k 1 edi st ankb Gn resin.
Convent i onal [ epoxy; T exi Qi I'i zarsgpsuch] as Phg%THFE di ani né§ °C5 ANCAM NE
1922A, and O 732] 'S0 |ovver tha}g grags trpgg) tiorl tenpegragures of epoxy
resins but npre—erarated creaseltie fivent and T} ogeST stlance of
t he resins. sp fic (*nm'\a:g‘ﬁan of-l Adhetife-Conp pOSH P16 a,-,rd
Conpar at i ve AdhesiMe Condosit i3t 5 ich 8% h have aLgisC_t_r_a.nsmmn
t enper at ur es| of 9014C, shdws tm%affe:t. AB%si ve 69 °C

C3 2.0% 1.8% 123 °C

C4 4.0% 2.5% 107 °C

C5 12.1% 9.9% 44 °C and 92 °C

Cé 3.6% 3.0% 102 °C

C7 8.8% 7.7% 75 °C

C8 2.2% 2.1% 133°C

C9 4.3% 3.5% 47°C and 115°C

Cl10 9.8% 8.7% 47°C and 103 °C

Cil 24% 2.1% 133°C

C12 3.1% 2.6% 114 °C

Cl13 4.2% 3.4% 107°C

Cl4 2.5% 2.2% 114°C

Cl15 4.1% 4.1% 81°C

Ci6 8.0% 8.5% 62 °C

The data in Table 8 demonstrate that Experimental Compounds 1, 2, and 3 can be

used to lower the glass transition temperature of an epoXxy resin while maintaining solvent

and ink resistance in the resin. Conventional epoxy flexibilizers s

uch as PolyTHF

diamine,

ANCAMINE 1922A, and DER 732 also lower the glass transition lemperatures of epoxy

resins but more dramatically decrease the solvent and ink resistance of the resins. A

specific comparison of Adhesive Composition 10 and Comparative Adhesive Composition

5, which both have glass transition temperatures of 90

°C, shows this affect. Adhesive

Composition 10 swells 2.8 percent in water/n-butanol and 2.1 percent in cyan ink while

10

Comparative Adhesive Composition 5 swells 12.1 percent in water/n-butanol and 99

percent in cyan ink. The data also demonstrate that samples prepared from Experimental

Compounds 1, 2, and 3 have improved ink resistance than samples made from epoxy

terminated polysulfide polymers available from Morton International. Both Adhesive

Composition 12 and Comparative Adhestve Composition C16 have glass transition
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Conposition 10 swells 2.8 percent in water/n-butanol and 2.1 ppgggpqg[]ljn
cyan in i Conpar ati ve Adhesive Conposition 5 swells 1 percent
in mte&’%#ﬁ?ﬁ%ﬁgl and 9.9 percent in cyan ink. The datapngéqg’"m 471
denonstrate that sanples prepared from Experinental Conmpounds 1, 2, and
3 have inproved ink resistance than sanpl es nmade from epoxy term nated
pol ysul fi &%&@Ef@ﬁéfﬂhl 65 hC.0CoBiabffbe AUIRERRICpIR oAt Ik YIRS Y €
Conpositio e12 rand ar ezllt e Adhesol vﬁposrfctgji g:?o 16 s’h:ave fgﬁass
transi t imes hdreli 1ﬂbtha2:00&xesM@(Qﬂﬁ;ﬂféﬂ?(ﬂ151PCT/ US02/ 03471 tenperatures of
approximately 65 C. Conparative Adhesive Conposition O 6 swells 2.2
times nore in ink than Adhesive Conposition 12. Exanple 6 5 Exanple 6

denonst rﬁt es Eh adhesi on of several epoxy formul ations contai ning
Experi bejrpound 1 to various plastics. Several different |evels of

Expgri ment al %’%"g hesl

shown I n Tabl e %rﬂﬂeog\gﬁétg? &%ﬁhéiﬂﬁtﬂ%@i@gﬁo gﬁg EM @g@?@ﬁent al
ConpoundExiperitie@tdViCoptbdund Has dariaiiplasticed Saveraldifferint kol dfiBxperimestapt

| east 24 hours. 10 Tabl e 9 Adhesive EPON 828 Experinmental ANCAM NE
Conposi tCempo@enpwerecised 192@ke AdbedvOC2B1phsiBans B-H, hoynoinsble A6TheC 4. 25
0.79 1.46 D4‘,0d€]§é E35%58146 F252631.46 G 1.5 3.68¢g
1.46 g THOBY e @@E&%%m hepExpegiments Comppoungnioweretmyad bydred
eval uat t Vv t (peel node) 15 (described
I n the q]d%k@gaﬁ aﬁ% sec {f%’ﬁ%‘é l%réﬁiﬁgs?he co?rsgosmlon was vacuum degassed
prior to preparing the test specinens. The results are shown in Table 10.

Table 9
Adhesive EPON 828 Experimental ANCAMINE
Compositions Compound | 1922A
A 50g 028 g 154 ¢
B 45¢ 0.53 g 146 g
C 425¢ 0.79¢g 146 g
D 40¢g 1.21 g 1.5g
E 35¢g 158 g 146 ¢
F 25¢g 263¢ 146 ¢
G 1.5¢g 368¢ . J46¢g
H 00g 50¢g 1.39 g
Control 100 g 0.0g 292¢g

The compositions were evaluated using the Qualitative Adhesion Test (peel mode)
15 . (described in the Test Methods section above). The composition was vacuum degassed

prior to preparing the 1est specimens. The results are shown in Table 10.

Table 10

ABS PC
A Fairly Fairly
Easy Easy
B Stuck Stuck
C Stuck Stuck
D Stuck Stuck
E Stuck Stuck
F Stuck Stuck
Control Fairly Fairly
Easy Easy
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Table 10 ABS PC A Fairly Fairly Easy Eas B Stuck Stuck C étw Buck

D Stuck; £ Stuck Stuck F Stuck Stuck Control Fai ryrbaizidsys1 Easy
Easy %E’#’&@??f UL 2005 WD 02/072725 PCT/ US02/ 03471 The éata in Tabl e

10 indicate that when Experinmental Conpound 1 is mxed with EPON 828 in
a ratio of 10/90 to 50/50, the resulting adhesives adhere tenaciously to
ABS and Pol ycarbonate. These adhesi ves contai ni ng Experi nental Conpound

L have much ] IRL Qo090 5% 0Re i WAEPEx Pkl ERCRpaLdPiscaintd afth whi ch

contains no fTlexi zer. Adhesive Conpositions G and k cure into

r ubber \EP@ANENRGA 8 rifi@bf VEO@ 1S H0 ythe svoNied aflhesivestadberp ltensciopslyie Adides .
Example 7 10 Exanple 7 denonstrates that_ an im dazole cursi@eﬁgox hresi n

f or nul anildolycedrmateni Trgseadhssiveeeqnirinmg xpgrmentah Compayped / dav well to

sonme plastics. EPON 82 (20..0 d D.E.H. .8 . Leconbi ned and
heht ed impraved adheyoniq eﬁeréaﬁficﬁ. .na{E%Fomﬁewglﬁgrﬁﬁém\%ég%c%%tgﬂgﬁb room

t enper af ur .1 hi r sl remeebdfy

2- et hylééﬁeﬁ&e%éﬂ&ﬁ%@r\gl(ggﬁcgﬁgfgfgﬁf_w%{%B@Ofﬁ%gﬁi@? itﬁgﬁs\%?es g\gal uat edomusi ng
15 the (Qualdsti@burygeddhesi on Test (peel node). The plastic sanples were

heated to 130'C for 15 mnutes to conplete the cure. The results are
shown in Table 11. Table 11 Plastic Ratin ABS Stuck PC D fficult 20

Example 7

10 . Example 7 demonstrates that an imidazole cured epoxy resin formulation
containing Experimental Compound 1 also adheres very well to some plastics. EPON 828
(10.0 g) and D.E.H. 85 (1.0 g) were combined and heated to 110 °C 10 meli the D.E.H. 85.
The sample was cooled to room temperature, and the thioether epoxy (2.0 g) was added
followed by 2-ethyl-4-methylimidazole (0.52 g). The compositions were evaluated using

15 the Qualitative Adhesion Test (peel mode). The plastic samples were heated to 130 °C for

15 minutes to complete the cure. The results are shown in Table 11.

Table 11
Plastic Rating
ABS Stuck
PC Difficult

20

Example 8
Example 8 demonstrates that Experimental Compound 3 can be used to make an

adhesive formulation that adheres well to plastics. EPON 828 (4.0 g), Experimental
25 Compound 3 (1.01 g), and ANCAMINE 1922A (1.43 g) were mixed by hand and cured at
ambient conditions for at least 24 hours.
The samples were evaluated using the Qualitative Adhesion Test (peel mode)
(described in the Test Metheds section above). The compositiqn was vacuumn degassed
prior to preparing the test specimens.
30 Removal of the adhesive composition made from Experimental Compound 3 from

ABS, PMMA, and Polycarbonate was classified as difficalt.
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Exanpl e 8 Exanple 8 denonstrates that Experinental Conpound 3 dqg]jihelised
to make \QE)? @?h’e_si ve fornul ation that adheres well to plastics. EPON 828
(4.0 g), VBT Mental 25 Conpound 3 (1.01 g), and ANCAM NECTEBPMHI 43 o)
were m xed by hand and cured at anbient conditions for at |east 24 hours.
The sanpl es were evaluated using the Qualitative Adhesion Test (peel node)
(described in the Test Methods section above). The conposition was vacuum
degassed prior to preparing the test specinens. 30 Renoval of the

adhesi veConifapaiité BRamphted f r om Experi nental Conpound 3 from ABS, PWVA
and Pol ycarbonate was classified as difficult. -21 18JUL2005 WO 02/072725
PCT/ US02/ 0347 omparatiae ExampleEk demorstdtesStpadhesionef Bxeongllepody fumutationsit es

t he adhesi on of several epoxy forpulations containing apn epo cti onal
li qui d pEAYATINEIAREPRYY ncHoRY Iigy Pﬁlg%q?@&mlaf@?r ﬂﬁr@mﬁw%-fﬁ%‘%&ﬁk

| nt gr nat } i . f i I i de.
sevor ol (ipien bEEROR. CHidaRA0R":RT oL IS BRYKacHRd BRTLRE Yeinit |
as showndiffereh? ivelslA2-A Wige 8P &I Tomp¥ienis W2 10 A2R, agstbwiig Kbk 2. wer e
m xed by hand and cured at anbient conditions for at feast 24 hours. 10
Tabl e 12TEPPox§2&SIELANCAMDIR 2922 48 140dAhel 6 B2-@\ ey rhix88 by hasd andcureday 0. 94
gl.3 612-C3.51,31 1.2 612-D 3.0 g 1.82 g 1:13 612-E 2.5 2.27 g 1.04
g 612- FAmbigntcopdinpng ferat lepsb24hepss 3795 g 0.78 612-H 0.0 g 5.02 0.69 The
sanpl es were evaluated using the Qualitative Adhesion Test (peel node)
(dg@cri bed in the Test Methods sectii,ggib@ée). The conposition was vacuum

degassed 15 prior to preparing the eci nens. The results are shown
in Table 13
EPON 828 ELP 612 : 1922A
612-A 4.5¢ 05¢ 138 ¢
612-B 40¢ 0.94 ¢ 13g
612-C 35¢g 131 g 12¢g
612-D 30¢ 182 ¢ 1.13 g
612-E 25¢g 227¢g 1.04 g
612-F 15¢ 318 ¢ 0.88 g
612-G 08¢ 395¢ 078 g
612-H 00¢g - 5.0¢ 0.69¢g

The samples were evaluated using the Qualitative Adhesion Test (peel mode)

(described in the Test Methods section above). The composition was vacuum degassed

15 prior to preparing the test specimens. The results are shown in Table 13.
Table 13
ABS PC

612-A Easy Fairly
' Easy
612-B Easy Fairly
Eagy
612-C Easy Fairly
Easy
612-D Easy ‘Fairly
- Easy
612-E Easy Fairly
Easy
6i2-F Easy Fairly
Easy

612-G Easy Difficult
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Table 13 ABS PC 612-A Easy Fairly Easy 612-B Easy Fairl y EESWJU@%U%C
Easy Fairly Easy 612-D Easy Fairly Easy 612-E Easy Fair as

Easy Faw|u¥mea§y 612-G Easy Difficult -22 18 JUL 2005 P 9%6 VgD 72725
PCT/ US02/ 03471 ABS PC 612-H Easy Difficult The data in Table 13 can be
conpared to the data in Table 10. It is evi dent that the adhesion

formul ations made from Myrtom—s 612-7 S)n[ aj ere as well to ABS and PC

as formul ati ons made fr gr-Experi-frent — 5 Conparative Exanpl e
4 Conparative Exanple 4 enréd B atle I‘Sﬁ%}S D&ﬁﬁ@Hﬁ several epoxy

formul ations containing ELP-3 to various plastics. ELP-3 (Mrton

| nt er nat i onafrhe GhiagAdable! 1I3)cah be @ompared to thentatd orBdbld 1 @Gjultds podans that ihie

pol ymer. Several different |evels of ELP-3 were used to _make 10 Adhesive
Conposi tdiesionEomnEatend mads fsorowhonten STaIR-4 dpmot Fakere goxpllie 4B andlEagi NE

1922A, and the ELP-3 were m xed hy. hand d cured at anbient conditions
for ai fomslations mage,feom fxpar 5 Gegnpound 1
5

Comparative Example 4

Comparative Example 4 demonstrates the adhesion of several epoxy formulations
_ containing ELP-3 1o various plastics. ELP-3 (Morton International, Chicago, IL) is a epoxy
functional liquid polysulfide polymer. Several different levels of ELP-3 were used to make
/0 Adhesive Compositions ELP-3 A-H, as shown in Table 14. The epoxy resin, ANCAMINE
1922A, and the ELP-3 were mixed by hand and cured at ambient conditions for at least 24

hours.

Table 14
15
EPON 828 ELP-3 1922A
ELP-A 40¢g 083¢g 1.23g
ELP-B 35¢g 1.53 g 1.l4g
ELP-C 30g 208 g 1.03 g
ELP-D 25¢g 282¢g 094 ¢g
ELP-E 20g 337¢ 0.84 g
ELP-F 12¢g 472 ¢ 0.70 g
ELP-G 06¢g 55¢g 0.58 g
ELP-H . 00g 60¢g 045¢g
ELP-1 100 parts 30 parts 31.5
The samples were evaluated using the Qualitative Adhesion Test (peel mode)
(described in the Test Methods section above). The composition was vacuum degassed
prior to preparing the test specimens. The results are shown in Table 15.
20
Table 135
ABS PC
ELP-A Easy Easy
ELP-B Easy Easy
ELP-C Easy Fairly
Easy
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18 JUL 2005
EPON 828 ELP-3 1922A ELP-A 4.0 0.83 1.23 ELP-B 3.5 1.53 1.14 ELP-C 3.0

2.08 1. .D 2.5 2.82 0.94 ELP-E 2.0 3.37 0.84 ELP- .72 0. 70
ELP- G 09%’%5&56%8 ELP-H 0.0 6.0 0.45 ELP-1 100 parts 3&%&%‘:’@“&‘. 5 The

sanpl es were evaluated using the Qualitative Adhesion Test (peel node)
(described in the Test Methods section above). The conposition was vacuum
degassed prior to preparingeime t ¢st gapeci freng,;ynejresults are shown in
Tabl e 15. 20 Table 15 ABS|PC ELP-A Easy Eapy - B| Easy Easy ELP-C
Easy Fairly Easy -23 8JUE2805-—WO162L07272p—PCHUS6L2/ 03471 ELP- D Easy
Fairly Easy ELP-E Easy LaELPE pl B3y, ':yEaﬁY P- G Easy Easy ELP-H
Easy Eas ELP | Eas Eas The IblP¥ in Thste 15 c&aspe tonpared to the data
in Table 10. It is eviden{ tRIaR-Gh¢ &dhesi pn Bagyul ati ons nade from
Morton's ELP-3 do not adhereg@syell EqsABS ang;R~ ap formul ations nmade
from Experinmental Conpound 1ELP-I

Easy Easy

The data in Table 15 can be compared to the data in Table 10. It is evident that the
adhesion formulations made from Morton’s ELP-3 do not adhere as well to ABS and PC as

formulations made from Experimental Compound 1.

Comparative Examples 5 - 8

Comparative Example 5 was an epoxy adhesive, commercially available from
Minnesota Mining and Manufacturing Company, under the trade designation Scotch-
Weld™ DP-460 (DP-460). It is a 2-pant, 60-minute worklife, room temperature curing,

10 high strength epoxy adhesive.

Comparative Example 6 was an epoxy adhesive, commercially available from
Minnesota Mining and Manufacturing Company, under the trade designation Scotch-
Weld™ 2216 (2216). It is a 2-part, 90-minute worklife, room-temperature curing epoxy
adhesive.

15 Comparative Example 7 was an epoxy adhesive, commercially available from
Minnesota Mining and Manufacturing Company as 3M Automotive Two-Part Epoxy
Adhesive 5047 (5047). lt1s a 2-part, 120-minute worklife epoxy adhesive that can be
cured at room temperature.

Comparative Example 8 was prepared by mixing EPON §28 (100 parts), an epbxy

20 functional ether (30 parts) (DER 736, The Dow Chemical Company, Midland, MI), and -
4,7,10-trioxa-1,13-tridecanediamine (37.6 paris) together at ambient conditions (C736).

Each of the Comparalive Examples were used to prepare samples for the
Qualitative Adhesion Test described above. The results of this test are shown below in
Table 16.

25
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5 . Conparative Exanples 5 - 8 Conparative Exanple 5 was an epoP(g'f]UL 2009
adhesi vqb commercially available from M nnesota M ni nglﬁp& %@WCt uring
Conpam}’,‘ PAE722 he trade desi ghation Scotch- Weld(err) - 48 ( -460) .
It is a 2-part, 60-mnute worklife, roomtenperature curing, 10 high
strength epoxy adhesive. Conparative Exanple 6 was an epoxy adhesi ve,

comercially available from M nnespigelkni Nng and Manufacturing Conpany,
under the trade designation Scotch-—"VerdTM 2216 (2216). It is a 2-part,

90- m nut e worklife —roomtenperature—gHringepoxy —adhestve—15
Conpar at i ve | Exempriative fgbesdye epoxy aBResi ve, corrrrerci%ﬁ$y avail apl e from
M nnesota M ni ng ComtposHirenf act uri ng Conpany ds 3M Autonptive Two-Part
Epoxy Adhesive S50Hp.44047). It is &agy pan, |120- m nutlasywrklife epoxy
adhesi ve that can bg, Lcured at FOOMef pRper atjur eFaity'RAy-BiffcaltExampl e 8
was prepareg—by mmEPG\I SZSﬁOWE{:ta), arm epox ﬁ” functipnal
ether (30 parts) ( 736, Thel - Dow-CH&H cal—cem Ry - and—M , and
4,7, 1 O-trioxa- 1.CI3®-tridecanedi &itthe (37 6 hairkydasy-IHeiol, anbi ent
conditions (C736). Each of the Conparative Exanples were used to prepare
sanpl es for the ialdatzadhowahAdivasiof hel@aipadrise nilmiveshaveas Jovd adeudn s of
this test are shown belowin Table 16. 25 -24 18 J U L 2005 WO

025 117 2625BPEHsISaLe3didsi vesatf EsampleGp nipbe adhesien rinds eidheedhesmes of

Co it DP- 460 E E 2216 Stuck ,Fairly E ~-QLfficult. 47
St HE ES:EEIE"?IQPIE%B aléaé_@g%ams ?’yeré'é’siﬁ-?‘ﬁi‘?’%{c"@ﬂ? ‘% ’{ﬁ%‘agﬁ’i%é%ﬁtsg&gﬁ%wg%%at none

f th L ' i JoaGki Gi-
Che. adhEOTVGR spo, ARMARtER6EeA% BI0RAARERRn sabTof (Be hiosmty - S

epoxide (Comparative Example 8). The adhesion to ABS of the adhesives of Example 6 1s

also improved over several commercially available, fully formulated, epoxy adhesives

10 (Comparative Examples 5 - 7).

Example 9

Example 9 describes the overlap shear strengths of bonds madc with a thioether
15 containing adhesive between two pieces of plastic. EPON 828 (100 parts), Experimental
Compound 1 (30 parts), and ANCAMINE 1922A (37.6 parts) curative were mixed by hand
at ambient conditions to provide Adhesive Composition 1. The composition was degassed
prior to preparing the test specimens. The mcasured Tg of the adhesive after cure was

50 °C. Overlap shear measurements were carried out as described in the test methods

20 seclion above, and the data are summarized in Table 17.
Table 17
Substrate Shear Strength (MPa) Shear Strength (MPa)
Adhesive Composition 1 DP 460
Polycarbonate >14 (exceeded instrument 2.7
limts)
PMMA 4 1.5
ABS >8 (substrate break) 2.1
25 The overlap shear strength values for DP 460, a commercially available two-part

epoxy adhesive from Minnesota Mining and Manufacturing Company, were obtained from
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Exanple 6 is also inproved over an adhesive nade as in Exanpl e1ﬂ,JU$uztm§

substituti n? an__equi val ent epoxy-term nated ether struct ur%i h%? ‘goes not

cont ai n 88 %br the t hi oet her di - epoxi de (Conparati vel 'g'hﬂ 4 5 The

adhesion to ABS of the adhesives of Exanple 6 is also inproved over

several comercially available, fully fornulated, epoxy adhesives 10

( Conpar at.j T b€ A . ihe rlap
ght %ﬁ/{ E)SS%O heﬁlegj te! n:caﬁ@‘ﬂﬁ‘?&q{%hﬁ)r%ﬁﬁé&f@(%@&%ﬁ@, 1599t72§rl1fé6§

shear st reng bonds nmade W I oet nt ai ni ng es| ve

bet ween j to RV b2 usi
Corrpoundmips( 30 ggf]{age p’éﬁgﬁéA%giﬁ/l‘% %’?@fﬁa’(@g?@é‘g’gg‘?ﬁg) cur a{?ri? 9%:&\/\5? ?amgn' xed

by hand 254 mairbiidngpecinis widns 12.8 nundun geveiliipe SThedotd hipe shitkrmss as OHS -
conposi tion was degassed prior to preparing the test specinmens. The

measur ed). 3@ mon. Tessingamssiope with grip separajigs 13 of S08,mpymn. s hhgplastic
nmeasurenments were carried out, as de cr#{;ed in the estb et h gs .20 _section
Above.  AWESTHE HEHeAPRFURaR G M i oL KFTs Frepared,BY BbbiEc i Ap 10BN,
St rengt hy oﬂoafgg?{vaﬁtrength (MPa) Adhesive Conposition | DP 460

ate > e

Pol ycar bon xceeded instrunent 2.7 limts) PMVA 4 1.5 ABS >8

(substrate breakivetlab sBéar Stiengh @aluapfcs Fatbesive ICOMgdsitionl Jues irf exceBdfARGse a
commercially avail able two-part epoxy adhesive from M nnesota M ning and

Manuf actrepomegt fop BFa#60 fonpelycarbordtedtMMAnand-ABS 1 Fhesgdappipgicalgiheb/ 072725
PCT/ US02/ 03471 t he 3Mer. cot ch-\We| dTM t echni c ta.s t, f LS

pr oduct Q“%éeﬁfvéréfgia?o%'?];gd;ﬁ{fs;?‘éer IQIPQB/’IC 5?8%‘% M@Ia@dﬁgﬁ?@%ga@es

wepe nmeasur edpac ' : < b 4 oip SHGS HRBS
Wik a 127 iy %%{;%%‘#fgﬁ%%ﬁo%%%fﬁgﬁw ¢ Vﬁé@%" e lgl.a%m- 0. 20 mm
Testi ng spafedi@nife Avt Withdudidpartigfeda thestop@bed ofiribOf @istakevtion. Tids pl astic 5
substrates were approximately 3 mmthick and were prepared by rubbing with
an i sopriopsritionghewlidoiot be sstrirtedvharsaefothdiereip fatidlaptratveamgpdsesal ues f or
Adhesi ve Conposition | are in excess of those reported for DP 460 for

pol ycarbonate, PMMA, and ABS. These data indicate that
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Adhesi ve Conposition | adheres better to polycarbonate, PWMMS, and AB?U
than DP 460. 10. The various modifications and alterations of tlh gUL 05

invention will be apparent to those skilled in the art w thout departing
fromthe scope and spirit of this invention. This invention should not
be restrCiirest to that set forth herein for illustrative purposes. -26 18

JUL 2005 dains: 1. A curable adhesive conposition useful for bonding
substrates conprising silicon, noble netal, plastics, polyinmde, or a

conbi nation thereo 5 5 LS e : 0 resin; catalyst or
curative; a_ndhepoxé c%g%g(i:){ %@gatg ﬁ?%e_ ﬁ%ﬁ‘gr&%S%Mif?ﬁﬁﬁo&)&mgﬂﬁ%escW SUeng a
t hi oet hesilichn, neblexieisl, pldstiodpElgifead, \ve a esMbitatibR theRITLbABriSHE A hiRKRS of:
conprising silicon, noble netal, plastics, polyimde, or a conbination
t her eof conpri si ng*RO¥¥ rfe¥Ricti on product of the adhesive conposition of
claiml. 3. An art] of manufacture conprising: a substrate conprising
silicon, noble rret%q?%ﬁsﬁloég'tlﬁaﬁg‘?’ 388| yi m de, or conbinations thereof; and

an adhesive conprigidg rédevé &ﬁ@éﬂlé}fboﬂfaﬁﬁh'gEorﬂ%o&nlaecoﬁﬂﬁ'ﬁﬁf%‘gﬁetpﬁ)gm&fﬁf—ti on

of claim1l. 4. A nethod of bonding a substrate conprisi steps of:
contacting thepogidsstrate with an adhesi ve conposition of claim1; and
curing the adhesive conposition, wherein the substrate conprises silicon,
nobl e nmetal, plastics, polyimde, or conbinations thereof. 5. A nethod of

flexibilizingand j : J . i f,an
epoxy resin %hesié@%&%ﬁ%@?@@@ggs of &rsg%%ﬁ%mﬁ%ﬁs&%{}}%ge Iggtabarts
by wei ghplagiics gubyisnides act cvmbinatioetheesof campasing the re&fich PesthicEONBET Si Ng a
t hi oet her, di.- epoxi de.to cur abl e epoxy resin adhesive conposition; and
curing tifbesiys P%WQP%&@& e conposition to formthe sol vent and/ or
wat er resistant epoxy resin adhesive. -27 18 JUL 2005

3. An article of manufacture comprising:
a substrate comprising silicon, noble metal, plastics, polyimide, or combinations

thereof; and

an adhesive comprising the reaction product of the adhesive composition of claim 1.

4. A method of bonding a substrate comprising the steps of:
contacting the substrate with an adhesive composition of claim 1; and
curing the adhesive composition, wherein the substrate comprises silicorn,

noble metal, plastics, polyimide, or combinations thereof.

5. A method of flexibilizing and improving the solvent and/or water resistance
of an epoxy resin adhesive comprising the steps of:
adding from 10 to 80 parts by weight of epoxy reactive thioether-containing
compound comprising a thioether di-epoxide to a curable epoxy resin adhesive
composition; and
curing the epoxy resin adhesive composition to form the solvent and/or water

resistant epoxy resin adhesive.
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6. The article of claim3 or the method of claim4, wherein the plastic
is selected fromthe group consisting of acrylonitrile-butadi eh§- Biyine,
pol y(net hyl methacryl ate), polycarbonate, or m xtures thereof, and
wherein the epoxy reactive thioether- containing compound has a nol ecul ar
wei ght of from 320Thaar@i8le.of Zlaim3eorah¢ inethed of claimidpwherein thh@lastt kod of
claim 4, e noble netal .is . selected.fromthe group nsi sting

b .
of gold,® _Cghﬁ*ﬂ?ﬁ&erﬂ??%ﬂ‘?@fﬁtmg of getylonjiyi ed?‘ﬁ?‘ﬂ‘?‘?fr‘ﬁwmﬁ% rPB{Y_I@é‘FFh%ﬁs t her eof .
8. The %’éﬂlﬁér?laﬂ:f), gditaiBonate] of Bkl tko?fandlvieRift éllléc’)\%%ég O e | -g n

is selected Tfromthe group consisting of silicon srl1con die,
and conbiontainiog sompewsldias a rholedilar weipitadiftonod2®fo a30ai m 1, adhesi ve of
claim?2, article of claim3, the nmethod of claim4, or the nethod of
claim5, wherein the epoxy resin conprises a polyfinctional phenolic

aim$, whe ) . a ) _ : f
gl ycidyl ethey epoyye e[rﬁfél'e’bfcllaﬂﬂ 3 d}%ﬁg{@ggﬁglforg@ﬂna %ﬁ&gird@%m@l@*aﬁag%gfo

claim?2, article of claim3, t al m e netho

cl ai m 5, seldoteddrom theegreymeonsistiag bf gald; plathatngmiladion silverngdaempadnd i s
selected fromithe groyp consisting of 2-{[3-({2-[(2-{[3-(2-

oxi ranyl‘i?é‘lmﬂ?}lf)ﬂl‘}ﬂ’;ﬂ%j sul fanyl } et hyl ) sul fanyl ] et hyl }

sul fanyl ) propoxy] net hyl }oxi rane; 2({ 3-[(6-{

[ 3- (2- oxi ranyl met hoxy) propyl ] sul fanyl } hexyl ) sul fanyl ] propoxy} net hyl ) oxira
ne; anld 2- g {8- g ( Zl‘l(e[ﬁiélﬂloff clair?l}3 or rt]he methﬁd of claiﬁn I4, Wh?IfEin thf ]silicon is )

oxi ranyl net hoxy) pr.opyl ] sul f anyl } et hoxyet hoxyet hyl ) sul f anyl ] pr opoxy

met hy| )o%@ler:%?ﬂé%,lom theErewmnennsisiing pEsiliprst digride Jsiliconrstie, and icoinbingtions theter8 or
the nethod of claim4, wherein the substrate is a print head or an

i nkj et cartridge. 12. The curabl e adhesi ve conposition of claiml,

adhesi ve of c.ai m The 86ip6ditorddf clgihal,MdResitd 6f dBID Artitfle 6F @hit 3, ther t he
nmet hod of claimb5, whereln the epoxy reactive thioether-containing

conpoundnethed af ¢lamedgrahe methediof shaith Sowhezm the cpoy, resipgomgrisesia 2005  13.
The cur I]& @ﬁﬂ i it of claim1l, adhesive of claim2, article
of clai ?R% i e%mgﬁﬁgwgﬁdg ‘%B%,epg)l;y e met hod of claim5, wherein the
epoxy resin conprises a polyfunctional phenolic glycidyl ether epoxy

resin. 14. The curabl e adhesive conposition of claim1, adhesive of claim
2, article ofl0.cl alhe sompesiti¢reofalainol adheseveofrolaim 2utagticdd of ¢lhien 2pbxy

Lot g RSl PP RIS PhERERY it e
containing compound is selected from the group consisting of 2-{[3-({2-[(2-{[3-(2-
oxiranylmethoxy)propyl]sulfanyl } ethyl)sulfanyl]ethyl} sulfanyl)propoxy]methyl } oxirane;
2({3-[(6-{[3-(2-oxiranylmethoxy)propyl]sulfanyl } hexyl)sulfanyl]propoxy }methyl)oxirane;
and 2-({3-[(2-{[3-(2-
oxiranylmethoxy)propyl]sulfanyl } ethoxyethoxyethyl)sulfanyl Jpropoxy } methyl)oxirane,

and combinations thereof.

11. The article of claim 3 or the method of claim 4, wherein the substrate is a

print head or an inkjet cartridge.
12. The curable adhesive composition of claim 1, adhesive of claim 2, article of

claim 3, the method of claim 4, or the method of claim 5, wherein the epoxy reactive

thioether-containing compound has a molecular weight of from 320 to 650.
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wei ght. 15. The curabl e adhesive conposition of claim1, adhesi ;@ 005
claim2, article of claim3, the method of claim4, or the net of "
claimb5, wherein the epoxy resin is present in the adhesive conposition
at a level of from?20 to 80 parts by weight. 16. The curabl e adhesive

conposi tion of3. cI al'le qurabldhdlwisive oompokiaombﬂclaﬁ:ﬂluaﬂhesﬁé of &lhidv 1) aHiclklde
or, t.h im5, wherein the curatlive

met hod of cI rret ho of c

conpri ses! ?&g] Mfﬂfﬁ & BB efrRlaim 5, wherem@hecqnoaf)r@nagimnsceh
conposi t4 §oral Bheholid article of claim or the
rretrrﬁod ofl%l ?n4fg¥tﬁgr%@%n‘grlsmg°% (%%Ll}z)llng agent, a filler, or a
conbi nati on thereof 18. The curabl e adhesive conposition of claiml,

adhesi ve of c art.i of claim3, or the nethod of claim4,
wherein the cfafal y %ﬂﬁ?? ivg GomppgitionpEclainpd, adhesive of claim 2, article of

claim 3, or the method of claim 4, wherein the epoxy reactive thioether-containing

compound is present in the adhesive composition at a level of from 10 to 80 parts by
weight.

15, The curable adhesive composition of claim 1, adhesive of claim 2, article of
claim 3, the method of claim 4, or the method of claim 5, wherein the €poXy resin is present

in the adhesive composition at a level of from 20 to 80 parts by weight.

16.  The curable adhesive composition of claim 1, adhesive of claim 2, article of
claim 3, the method of claim 4, or the method of claim 5, wherein the curative comprises a

poly(oxyhydrocarbolene) diamine.

17. The curable adhesive composition of claim 1, adhesive of claim 2, article of
claim 3, or the method of claim 4 further comprising a coupling agent, a filler, or a

combination thereof,

18.  The curable adhesive composition of claim 1, adhesive of claim 2, article of

claim 3, or the method of claim 4, wherein the catalyst comprises an imidazole.
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