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PCT/ | E99/ 00%_(1; /36484 CURABLE EPOXY- BASED (S| TI ONS
BACKGROUND O THE TNVENTI ON 1 NESQPY1 of
the Invention 5 This_invention relates to curable epoxy-based

conpositions such as t hos€URABLEEPOFY HAIEBGOMROSIHPNSi ch has two or
nore epoxy groups per nol eC“'lfACﬁgRgUFﬁbﬁ’lkﬁ@kNggﬂFﬁﬁ whi ch has two or
nore thiol groups per nol ecul™=, . and at | east one
solid organic acid which is substangjeRl ftheIfi®éntiine i N a m xt ure of

t he foregoi ng conponents at roomtenperature. The solid organic acid may 10
be selected fromthe group consisting of: aliphatic, cycloaliphatic and
aromatic car Li c acids and derivatives thereof,.aliphatic,
Cvel oal | phati c, *andr B drepfich T to yFahs Shoxy st ioiatiisds sfalisafiee
phenol s and ' ' ot | | .

cycl oal i phat %g%daﬁﬁkpgbw%gﬁﬁggagkﬁé ggﬂpig{/eaﬁpio\);}ég ﬁ}tuhg Eg%‘?@e%lg’ dsol I d
organi ¢ aci d gighiad chepeumd wkizh dihs tves sr mbarthinl geappalpet mokbalaf a lbitnd,
suitably less than or 15 equal _éo 10, such ,aﬁ,l ess thaln or equal t o about
9.0, and of t ebprienss andhleast angsalid prganiscid which is supsignttally insoluble ina |y
anot her aspecy . t RS, i Al J ' : ' ot
epoxy- Bl ST {oRORHg B B R REAELARE, THE RN Eo RIS B may,
as inproved skesdledtdd ffom the groap abndisting, ofpaliphati| eydigaliphitic andupeaitid o yi el d
poi nt mai ntenance, over tine, viscosity 20 = maintenance over tine, and
room t enper at earboxydic acjdsand derivatives thereof, aliphatic, cycloaliphatic, agdjagfmaticscr i pt i on

of Rel ated Technol l,e oNpoOSi,ti ons are

0g N ra .enoxy=hased |
Nl | known. | SURRORS A8 ervaites essasephent a8 S ERRE ROt Snd SRR ket s
seal i ng agent gligadic @ ¥icalipRatRand a@sh AR coasiduRgs AdEdYVatives thereof. ER@$¥LPased
conpositions are also used in the el ectronics industry for the fabrication
of heat resi stematicpcidshodlddiave aipKa efi¢ssdhassorfegnalgpiahewd 2d), suitably lzsaithds or

(pcbs). One use of curabl e epoxy conpositians is to bond surface
tount corBone el o1 teh as eSS iR of sl o bOREE B, apiepaieas hance e p Ao
conposi tions ggnventionally have been used as t wo- part conpositions.

This was due at least in part to the instability of a one-part
In another aspect of this invention, there are provided curable one-part epoxy-

based compositions with improved rheological properties, such as improved shelf-life
stability, particularly with respect to yield point maintenance over time, viscosity

20  maintenance over time, and room temperature pot life.

Brief Description of Related Technology

Curable epoxy-based compositions are well known. Such compositions are
25  used as adhesives, coating agents, sealing agents and may also be used as casting agents.
Epoxy-based compositions are also used in the electronics industry for the fabrication
of heat resistant printed circuit laminates for printed circuit boards (pcbs). One use of

curable epoxy compositions is to bond surface mount components to pcbs.

30 Epoxy/polythiol-containing compositions conventionally have been used as

two-part compositions. This was due at least in part to the instability of a one-part



2 conposition, having an epoxy resin and a pol ythiol conmponent and a

i quid (sol uble) tertiary am ne curing agent or hardener. One-part
conposi ti onWOMAY36#f4s sort where the egoxy resi n- pol yt hi clcTarsb/aoloe:
curing agent or hardener were adm xed at rdéom .~ tenperature had working

or "pot" live : e ) : T . 5. rties
| npose practi g% I??qtétgﬁ r III’:IIIR%%’SL%I?Y%ISE%IéggglﬂI'IqIIIa %%ge%tfaqgéghq%édo SRI(I)@I% I ons.
Accordi ngly, reatiatytafish duringalketa® hyfdendry tOneqparCadmsitions BEthisoet WiRee the
fornul ated as . two-part conpositions. ) Commercial l'y
avai | abl e | at ePiXyceyinhglyslgehand the evringagsakordwrdengpysip adayxed atgoom adhesi ve
formul ati ons grdingril rovide such..for ations. with cqnbi, nat i of
good " O"ay BrbisBAle R NPl g By RS HE RIS PP e ROTR R TR

t enper at urses. piapeniRk @ip&e prattidal restrictiGrRMHARNEIRE byplRYAbAAsBcH &lrfitsitfonk] NY
agents include dicyandi anide and dibasic acid di hydr azi de. These

curi ng agent sAscerdungdsf, mhanjy trafldyomal epok wpokytloslycomgpwisitions hanesheen éormulated as wi t h
excel | ent st orage st abi | i.t%);i However to achieve cure, these curing agents
ordinarily 1BVOPPRGUPPESIE®Sting to tenperatures greater than 150[err]C for
ext ended periods of tine. U S. Patent No. 5,430,112
(Sakata) discl oses epoxy resin/polythiol conpositions which are
reported to displ ay Centmsrcielly avalablei lhtgnt during agentexiedrid edeqpait epoxyeresin i f
(a) a solid dispersion-type anm ne adduct |atent curing accelerator, or Sb)
the produtt 2@dhesiye fgrmatians ordiparlyperyide sushpoumdatigns Mitharrmbipationpf gop
nore i socyana sl : n ' t wo
or nore pri m%@r%ﬁ%}ﬁ%?htg g%%%%&??tear%aér@u?%LI%Vﬁgérjtggn[?%?ﬁr%?’t g"%@%&@&i S
used. The congoma@sciilR) avalleblé DieRavag agantsiacldé R9addanide and dibasidGtidas a
“latent hardener"”, beigg@actiyatable at highe( tenperatures. In particular,
t he congdyidrazisls. dibsed eiag agents At usefupinpiermplating APCHYIesip Lymposidensxy
resin which has,two

. dn i I I .
e S0 B R RGeS PR, 8 1SS gty
I I . I whi ch i lid di .Si,0n-
ol ecul & 800 (BRI Bh S D VPR SRR ES, o

bet ween a conmpound whi ch contains one or nore isocyanate groups in
its nolecule and a conpound whi ch has at |east one prinmary and/or
secondary amino gr odb§. PateritfNo. 5,430,112 (Sakata) discloses epoxy resin/polythiol

compositions which are reported to display enhanced stability, i.e. an extended pot life,
if () a solid dispersion-type amine adduct latent curing accelerator, or (b) the product

20  of a reaction between a compound which contains one or more isocyanate groups in its
molecule and a compound which has two or more primary and/or secondary amino’
groups in its molecule, is used. The compounds (a) and (b) above are each reported to
act as a “latent hardener", being activatable at higher temperatures. In particular, the
composition disclosed in the '112 patent contains (1) an epoxy resin which has two or

25  more epoxy groups in its molecule, (2) a polythiol compound which has two or more
thiol groups in its molecule and (3) an accelerator which is (a) a solid dispersion-type
amine adduct latent curing accelerator, or (b) the product of a reaction between a
compound which contains one or more isocyanate groups in its molecule and a
compound which has at least one primary and/or secondary amino groups in its

30 molecule. Examples given of commercially available solid dispersion-type amine

adduct latent curing accelerators are those sold under the trade names Ajicure PN-H or



30 nol ecul e. Exanples given of commercially available solid

di spersion-t oAl adduct latent curing accelerators g6y

sol d under t‘ﬁgegt ra nanes Ajicure PN-H or 3 EbSI656:

3 Ajicure PI\I—23(comTerC|aIIy avai l able from Ajinomoto Co., Inc.,
Tokyo, Japan) . Afigare PN-23 (memqllymgllwhf@mﬁngomh@ -alive m & oliyrd diaptan) . aTkent

curing accel erators .show i eratur tab over,
convent i onal fS?Wﬁ?%\ﬁ?’E cé’nggg’é%ﬁ’gﬁe PP dg&rﬁteﬁ%r%rlgg accelera Pgrs?xp&gix PEVEf e
curing agents. rd@iRerathid sbibBftyicver EHBnHEHAPRTINulat0AS Yiskd of 11861 drisblabRl S
in excess of 1'week at roomtenperature, show a poor ability to cure, i.e.
their ability testiary amine curing agnntlseﬁpwervan iBprapficessugh c@@penitigns with zppanrhfe of

{eportod 16 bo'd w%?aﬁﬁf%gek?%é«%@ cofperafice O PCPEARI G0 el enoiEAAEL

| atent curing 10 ilé: '3 t or anﬂé@cﬁ t he product of a reaction between an
i socyanat e and “dff in an mins at, WiB%gr oup, though conpositions.
containing Alicure PN-23 are not descri bed. However, i nproved

stability, for at least the comrercially available Ajicure PNNH, is

achi eved at the experThe stbiliygbf in epoxyi resin/pglyeteibbcomsaahioni dfyhd ‘1 2apherved
onIy with an undesirable effect of increase in gel tinge, 15

The ' 112 pat enteriirsd telbs impraeed byithe se obp S?lr%mrﬁwnwe@w Q%Fhicblﬂkﬁm curing

I nor gani ¢ GD acce%i’ B? ar%ggér R E)I’&ﬁl%t (Efr ate%%tpgxtl;e%e%aa% ﬂt&éﬁw *ﬂg am ne

adduct) and for us ent rea ment of

t he hardener V\ﬁcbﬁtdﬂlfhg'igﬂodp,l tﬁotﬁlﬂﬁdﬁﬂﬁﬁltkﬁs Bénthinfig Aj@cure PN-zaaa:r& indeddaaited.
materials on the surface of the hardener particles as the hardener is 20

ordinarily in dloysiver impeved smhréltbrfgaﬁuleaSéFheucnmr@q;ﬁa&y avdilableAjiureRNiH, ig
liquid state or the s rfaé:etrealtrrent or

for making the Ffélf:%‘fﬂ atﬁléer %ﬁ?ﬁ%ﬁ'ﬁ o"ftgc?{}me, Le. greay\ér s%'inhty is achieved only wi

undesirable effect of increase in gel time.
15
The '112 patent also describes the use of liquid or solid organic or inorganic
acids for surface treating the latent hardener (the amine adduct) and for use in making
the latent hardener. The treatment of the hardener with an acid is designed to neutralise
active basic materials on the surface of the hardener particles as the hardener is
20  ordinarily in a solid state. The organic or inorganic acid is often in a liquid state or in a

solution to allow for the surface treatment, or for making the latent hardener.

An English-language abstract (produced by Derwent) (accession no. 86-
229126) for Japanese laid-open patent application no. S61-159417 (Japanese Patent No.
25 92014701) discloses a two-part curable epoxy resin composition containing epoxy
compounds having on average above one epoxy group in one molecule, thiol
compounds containing about one thiol group in one molecule as a hardener (though not
a latent one), amines as a curing accelerator and mercapto-organic acids containing one

carboxylic group and one thio group in one molecule as a curing retarder.

30



An Engl i sh-1anguage abstract (produced by Derwent) (accession no. 86-
229126) for Japanese | ai d-open patent application no. S61-159417 (Japanese
Pat ent No. 2%099/828014701) discloses a two-part curabl e epoxy REKIES9/00001
conposition containing epoxy conpouﬁhs havi ng on average above one
epoxy group in one | ecul,e. thi.ol : I R4 BdRhSAGkiHRAY ane
thiol group in one irééﬁrld?ai“é: ea?il%ﬁg}co%"rl]gpé(;?%% ?foe-?' 9} p all ate q[n one) ,

amines as a Clplendpafalies A6.F60STBROMRECHRE Sudhl e pDshivh tthicdoeunzding Argeony
carboxylic group and one thio group in one nolecule as a curing retarder.
30 compound, a thiol compound as curing agent, an amine as curing Accelerator, and an

As regards increasi the gel times for two-part | td ons

Japanese agith, éﬂ‘?"'%ﬂﬂ??@&&‘? 8%"1’&)@“%@35\79@5Soﬁlggéé??'g%éésn%ggg%mg 1J(‘:’grrposi tion
whi ch cont gi nsfoﬂ'ﬂulgﬁf’ﬂqs a one-pAPERPHRHionas ihY fhineOBRAURThA SateMt] ariiasagent , an
am ne as curing accelerator, and an acid, added to retard the curing

reaction. The osmihsicbinpnsitien woturswithiatd fewfminugs of thertwalpatts ehthesompesitiopar t
conposition as the am nes used,_are_r | at.ent, and as ,such cause the
conposi tion t dedns bronghtipgrthers gﬁf‘ ﬁ? %é’é‘%hfﬂi%eapﬁﬁfs anbret %O_HS?meemﬁ

conposi tion ‘{’Kﬁ%&g”ob%a?g%%d}&nggﬁg R5th indiB&ed Bel 18R& RHRVECAhEPheARBYARS L O

be concerned W two-part conpositions wth increased gel
ti mes achi evedarelafughh@gkther. PRHi$ sllows the atirecocomgisitiondgbe hexd. follvngeaiciriods
the m xed conposition to be used for |onger periodg. 10. The increased gel
times are Hchi Eheipctepsadngel Hoes Hec?ﬁhléY“‘(‘Pié‘h&éfiéP“eBH{s)Hﬁéﬁ’cd OmpgngyY such as

i quid acids d.Lew,s acids. T ' ] i be
concer ned g taﬁldf)%ﬁ‘ﬁ‘lvﬁga cis21 b}i‘%]fﬁﬁ gﬁiﬁgh%ﬁéﬁ%odg?? ?(g% I,)&gtrtl%gﬂg(g%eﬁ%?
appear to teacRifiGAbRYinBRtorage stab¥ EnABRitinedindidoys S REEsEr taehtlyachidving
retention of relatively short gel times. 15 _ I.n the

el ectroni cs i nstosige ptability cencdegiandpwithreseption ofelabipy yheshsd dingsnposi t i ons
with thermal cure profiles tailored to specific application tenperature
requirenments. Such cure profile tailoring assists in maintaining the

integrity gf the el eqfhdiEctronics indbR@FPANBHeSirdblE i0govidee ba3ed parAsEsonsf
the conponents to a pcb. In addition, it is desirable for such

conposi ti ons t withaiemet cergedfileoniltvted Mpspezificapplicationitemperatyre igguirgrpent0
conposi tion mag be repeatedly applied to .the. .surface of tfhhe ‘Bcl%. Thi s
uch cure profile tailoring assists in maintaining the integrity of the €lecironic
prol ongs the
components during the bonding process of the components to a pcb. In addition, it is
desirable for such compositions to have extended room temperature pot lives so that the
20 composition may be repeatedly applied to the surface of the pcb. This prolongs the
useable application life of the compositions, thereby ensuring reproducible dispensing

properties.

Advances in the electronics industry have made precise deposition of surface
25  mount adhesives a critical processing parameter, particularly in view of high throughput
demand and process efficiency. The increasingly popular smaller-sized microelectronic
components has made precise deposition of solder or adhesives onto circuit boards for
chip attachment that much more important. Where precise adhesive deposition does not
occur -- either due to adhesive deposition technique imprecision, or spreading of the
30 adhesive due to inappropriate rheological properties for the particular application, or

both -- surface mounting of components on pcbs may not occur at all, and even when



useabl e application life of the conpositions, thereby ensuring reproducible
di spensing o 9913648k OPErti €s. Advances in t Tﬁh?ﬁoro 1ni Cs
i ndustry have-made preci se deposition of surface 25 nmount adhesives a
critical processing paraneter, particularly in view of high throughput
demand and pr oBW¥stieg dogsiasarsy the Theurnting meaysi i gequrip p ommesetally-accepiabled

m cr oel ectroni ¢ anner conponents has nmade preci se deposition of sol der or
adhesives onto Circuit boards for chip attachment that nuch nore
i nportant. \Were preci se adhesi ve deposition does not occur --

ei ther due to adhesive deposition technique inprecision, or spreading of
the 30 adhesive dWitheeitsinppplinatives, sushhasaho gppdizhtipnsdp thet dlegtrdnds indstry
particular application, or. . both -- surface nounting of conponents on
pcbs may not oBtRRongd dhoye, ithas “é\?é’r?cmér‘?"'s“a%qe for °P°xy9ba}'?’6‘bﬁ?fPP@“éf6’é§° Bevaud |
the mounting MayiMQlstAERIYI ihtBgftyC SRERES @'acHiedC i i .

Wth certain applli cz;t I ons, lsu hyas theéyapgl ?ﬁgg%ﬁigﬁ%q?gﬁgg%gwealdgg@%g?cs

i ndustry 5  ntnkéetapyecoalasirg agdnt sash ad s olapec asiticdesiatgelvented 6f @Rk rdasEd
conposi tions tg have_a defined structural integrity. One way to

achi eve this i $P¢¥We-olngred.Regusfdimaksn awgilahle commerciglly ginuahyr ebieated fumsd

agent, such as_g SLlicay e e f ich are well -

cnown, | ndeed. sk SeP helrBbad i ABROSTRT aBY HREhe Bl TR of¥ BritFpeie spry
f uned 10 Si kdstins tHiMteding Bed ihiRdRPpaNEtfcAESESIILS, C. DNWiiphS asd VL MEbeb Nei 1
use to inpart in epoxy 10 ‘resins a thickening and thixotropic effect. See

al so, C. D. Wi gBpoxynttrurtyyml Adhegives”, in Structumh Adhesivesy€hemistry ant dechnoddgy, i n
Structural Adhgsives: . Chemis T ol ogy, S.R Hartshorn, ed.,
113-79, 131 (133{5’&,%},0%%,,{{3!75{%}1 (80 or o e, the desirability of

bal ancing reactivity with pot life in curable one- 15 conponent

epoxy- based conpositions has been recogni sed. For instance, U S. Patent

No. 3,597,410 (Li eské&jereofad,tisedesiabibityhaftbatencinmpataniyitggvithheot e inodiralfle one-
reacti on of har denabl e rT&xtur es based, on hardenabl e epoxi de resins by

provi di ng &h affeRIRPOGF SBOXY-based gompositinns hag BeasoarreEnetere £or nstaper. LB ofaent
ol cvat od tonporat oo BB aR { B bl proignging 1f oo F U |4 o
hardenable mixtures based on hardenable epoxide resins by providing an amount of a
barbituric compound effective to retard cure. The compositions are otherwise relatively
slow curing at elevated temperatures. The compositions of the 410 patent include
20 hardenable epoxides containing more than one epoxide group in the molecule, together
with an organic polycarboxylic acid anhydride epoxide resin hardener and an amount of
a barbituric compound effective to retard cure. The object of the 410 patent is said to
be prolonging the period of reaction or pot life, and retarding the hardening of the
epoxXy composition at elevated temperatures.
25
U.S. Patent No. 5,130,407 (Lee) relates to an epoxy resin composition used for
the fabrication of a heat resistant circuit laminate for printed circuit boards. The
composition used is a modified epoxy resin which is obtained by reacling an epoxy
resin with 2 mono-nucleus N-heterocyclic fatty compound as a chain extender, a
30 polyfunctional epoxy resin and curing agents. Barbituric acid is mentioned as a

S

possible chain extender.



20 har denabl e epoxi des containing nore than one epoxide group in the

nol ecul e, together wi th an organi c pol ycarboxylic acid anhydri de
epoxi de resiwohbasaener and an anmount of 6 2 bar bi turi c coR@biEHd/00001
effective to retard cure. The object of the™ 410 patent is said to be
prol ongi ng the period of reaction or pot life, and retarding the hardening

of the epoxy conposition at el evated tenperatures. 25
U S. Patent No. 5, 130QJ.8Fatdnt &) 5268482 €Pdn) relates oxlyeat essistanc adhesiset i on used
for the fabrication of a heat resistant circuit lamnate for_ printed

circuit boar dsSOmR@sition contaping 3hismapimide i 3 compesHAn Whigh BRY by masdifiad Rihi ch
i's obtained by,r ! ) | j no- nucl eus

N het er ocycl i c%%?@&%%ﬁ%@un Qg%(z aa3(1: &l {r}g)gk{éé)\r{:{ réﬁlrzi,cqrac 0 pol yfuncti onal
epoxy resimg and curing agents. Barbituric acid is nentioned as a

possi bl e chai n extender.

6 U. Uniteddingdormndatent Applicptipn (Nua 3)2817 SHA referstoa iqhidapoxy

resi stant adhesjve .. C sifion containing.a bispal.eimde . in.a
conposi tion whi'él’ %pﬁglqﬁé?g?rédﬁ“% ectronic pdrk?a‘g‘é? Pﬁ?tlegw ‘E‘?gg’qa&‘}s BYEf ng a
3-layer flexi b'di%g?ﬁdeﬂt R &dchisdsition includes an epoxy resin, abainiREukinPYgQ) dpat ent
Appl i cation No. 287 940 refers to a liquid epoxy resin conposition

for bondi ng el emtrganic {illpefsoch asrdatrinedi talickandwn organib deenttgyudditiye ésuch as

di spenser. The copposition_includes, an epoxy resin, an am ne curing agent,

an thor g’:%ﬂd{ge ‘i’aIST"éPﬂ("éﬁﬁﬁrgé'é‘“’c"é?‘gF)r'ned tal c) and an organic rheol ogy
additive (such as 10 nodified castor oil or an organic am de).

Eur opean Patent Application No. 459 614 refers to an epoxy resin

conposi ti on ofEwaspeap Payent Application Nan#HR 614/ péers at Andpoky tdsirpeangeiitioand
a hydrophilic silica. The . conmpositions, having good shape retention,
may be prepar e®fBY SBOREF AN HBineAype lalsaheHing agentand|a hydraphilistsilinsy Thadex of

2 or less is a%hﬁ%ﬁﬂhns—[ IﬂgviBE 'gégé §9BY A {nsdy be prepared by blending the

15 components until a thixotropy index of 2 or less is achieved. The thixotropy index is
given in the EP '614 application as a ratio of the viscosity measured at 25°C and 0.5

rpm over the viscosity measured at 25°C and 5 rpm. In addition, an index of the degree

of viscosity change over time ("the thixotropy index changing ratio") is given in the EP

'614 application.
20
Notwithstanding the state of the art it would still be desirable to provide epoxy
compositions with improved storage stability, such as improved room temperature pot
life and with extended working lives and relatively short curing times. It would also be
desirable to provide compositions with improved rheological properties, such as
25

improved shelf-life stability, particularly with respect to yield point maintenance over
time, viscosity maintenance over time, in addition to storage stability. Compositions

having some or all of these properties are very useful commercially, as noted above.

SUMMARY OF THE INVENTION

30



given in the EP '614 application as a ratio of the viscosity nmeasured at

25[err] C ar\g QoRessa rpmover the viscosity nmeasured at 25®f{dobiodae 5
rpm | n addi |on an i ndex of the degree 7 of viscosity change over
time ("the thIXOtI‘OpY i ndex changing rati0") is given in the EP ‘614
appl i cati on. n a first aspect of\ibe RresFRLIBYAAIAR t}t%‘sé’t'%t‘flée%l"’?‘ﬁ@“&'r‘@m] t

woul d still be_desir o rnoved
storage st abil |‘fmpmn{ﬂp¢1%ﬁh nﬁ{)r&\féadsgo&ggﬁt}Xbx&rﬁngg?ﬁ%‘iggﬁkﬁ’%rl&%# n’r"l'qrg?ld

wi th extended Wtkﬂclygstrt\/@smgmﬂndsalt pdlatisel y loshiripe fatires) dTlidseresmpdsitionsul d

al so be -desirabl e to provide conpositions with i nL)roved r heol ogi cal
properties, suptevids amigcreaserip ts/atabilitycy PMW“’&H&’MI@ Vithowg apbestaniiatly P&ewflﬂ]
respect to y| el oi nt mai nt enance |t I nt enance
over tine, in %o‘? L RECORRHSIIPRS gﬁé{g tlglofﬁi/dd%bwe ggerﬁtﬁ) R é/““[Hahaw ng some
or all of these propertles are very useful commercially, as noted above.
SUMMARY OF THE | NVENTI ON 30 In a first aspect of the
present invention thaeeispeqificliydidhisgasydspodtpf Hiegiresent invemspmpthsiepoxynsssini t h
I nproved storage stahility, and with extended working |lives and

rel atively shofPmpoYitipgs inf Hé%‘ at relatively |low tenperatures. These

conposi tions provide an increase in the stability by prol ongi ng pot
life without substantially affecting 5 gel -times. The conpositions

exhi bit goad agdjesi venepbenenisoundarhiciuhatwo or more epoxy groups peiidecule,
specifically, in this first aspect of the present invention, the epoxy

resin cofposi t iacredythiet Fergpound wigich hagiwo or meys t’é‘ﬁb&@“éb?ﬁdé%fﬂﬁc%l ch
has two or m)r? epoxy, (gr.oups . per ar’rgl ecul e,
(d) at least one solid organic acid which is substantially insoluble in a mixture of

(a), (b) and (c) above, at room temperature.
15 Suitably, the solubility of the acid in a mixture of (a), (b) and (c) above

increases at a temperature above room temperature.

In these inventive compositions, the solid organic acid may have a pKa less
than or equal to about 12.0, desirably less than or equal to about 10, and often less than

20  orequal to about 9.0, such as less than or equal to about 7.5.

In addition, the solid organic acid may be selected from at least one of the
following solid organic acids : aliphatic, cycloaliphatic and aromatic carboxylic acids
and derivatives thereof, aliphatic, cycloaliphatic and aromatic quinones and derivatives

25 thereof, phenols and derivatives thereof and enolisable aliphatic, cycloaliphatic and
aromatic compounds and derivatives thereof. Suitably the solid organic acid selected is

substantially insoluble in a mixture of (a), (b) and (c), at room temperature

The invention also relates to use of a solid organic acid in the preparation of a

30 one-part adhesive composition based on an epoxy resin.



(b) a pol ythiol conpound which has two or nore thiol groups per

nol ecul e, (c) a | atent hardener, and (d) at | east one
sol i d or garW@ 9%@¢484 whi ch i s substantially igsoluble in a nixPGT@E00001
(a), (b) and (c) above, at roomtenperature. 15 Sui tably, the

solubility of theogphsitibhs & tms)firktra‘gp&ft of fhk.intdMioA Rthy(He)imPpRAEwWith improved
i ncreases at a ter’rperat ure above roomter’rpel’at ure. In

t hese inventive dwnbtgsqdﬂpmmsrtlcshblrsdﬂdlc'gorganu c acid may have a pKa |ess
than or equal to abo deS|r bl Iess than or equal to about 10, and
often | ess than ‘8(?:99”%’3 §yLﬁg such as less than or equal to
about 7. 5. Com ositions furlher CBHI ﬂﬁﬂg&m@mlxo&ﬁasymbmn '&%@ﬁ'r&aﬁ%‘r&bc?@éé sdéh
sel ected from at Feast one of R | 0w ng so organic acids :

al i phati c, scydsmairixgﬂmﬁihsimgahcblnmmpcrauac bmvcyl i c acids and
derivatives thereof, aliphatic, cycloaliphatic and aromati c qui nones and
derivatives 25 t hereof, phenols and derivatives thereof and enolisable
al i phatic, cycloali p t t
aiphat o eyeloal | Y WeoRfhoect o he n9EATA WErOARIUAS ARRIIREINBINES

I nsoluble in a;enihkbﬂ:rpasﬁﬁm(@)mpr(sbk and (c), at roomtenperature

The invention also relates to use of a solid organic acid in the
preparation of a 30 (i) emePQreomponesicPmpEising s lenslane spaBtcampaandepoxy

resin. 8

Conposi ti dfs of thi s {f) 3 ejenthadener gompanent:nyent i on may be inparted with

i mproved rh ﬁbemlﬁakoﬁt&wﬁmgeoayom@Iaudl ng: (e) a
t hi xotropy-inparti ng agent Conposi t1ons furt her conprising the

t hi xot ropy-i nparti ng(mgenohd@gamm apgdepepohed. such 5  as storage

stabilising a | ow t enmper at yre .cur . . n a sec ..aspgct
o Che. | nventi DheSE Kempontoms sfon dewayed shealomcdpsonsatics. SampnEns O, (if SRE

(iv) of this composition cotrespond to components (a), (c) and the acid referred to in
15 component (d) above respectively with respect to the first aspect of the invention.

Component (iii) corresponds to the thixotropy imparting agent (e) above.

In this second aspect, the solid organic acid is also effective to improve

rheological properties of compositions which do not necessarily contain a polythiol

20  compound. The rheological properties referred to include those such as improved shelf-
life stability, particularly with respect to yield point maintenance over time, viscosity
maintenance over time, and room temperature pot life. In particular, the solid organic
acid initially enhances the yield point and stabilises the yield point of the composition
over time beyond that which is observed from compositions which do not include the

25 solid organic acids used in both aspects of the present invention. The yield point (o1
yield stress) may generally be thought of as the minimum stress required to cause a
material to flow. The solid organic acid stabilises both the chemical and physical
properties of the epoxy resin compositions of the present invention, an effect which is
quantifiable by the properties given above. The lerm ‘cpg)iy resin compositions of the

30 present invention’ as used herein refers to compositions of the first aspect of the

-Invention including those further comprising the thixotropy-conferring component, and



resin conpositions conprising: (i) an epoxy conponent
conprisin t | t one epoxy conpound, 10 (i) perArdoRbor

har dener gg‘%)%’ﬁ%%@ (iii) & thixotropy-conf er??élg
conponent, and . (iv) asolid Br ani ¢ aci d_conponent.

These conposi {0 tBhsoBResitionsRidhetrcPnd asrsst ol °g?"6f5’é?’i s Thedergblathesingludes
(i1) and i e a) ; Bat dod onents (a), (c)
and the acid ?uecéjecﬁnéﬁtltngg% Ea\ﬁ @%gr%g%é%ﬁr% g‘}ﬁmaggo(\)/&e’ﬁ?ﬁeég%gcti vely with
respect to the first aspect of the invention. Conponent (iii)
corresponds t-o the thixotropy inparting agent (e) above. .

In this second aspedihe Rrefencigvenias AHPIOVEESS Facdompgduds phibeiepexst i§sinnpr ove
rheol ogi cal properties of.co iti A, C 9 sarily contain a
polythiol% 20 MR AR TR M ﬁ%ggﬁé%rgg§8§$%%$§%€¥$Sggg%ggéfred to include

t hose such as inproved shel f- life stability, particularly with
respect to yield point maintenance over tinme, viscosity mai nt enance
over tinme, and roomin eppsheal @ppligdion] ¢rfoxy resin pempostiignsrof thepreseol ingentiayani ¢

idinitiall h th iel.d i,nt d stahilises.th i el d point of
sl it ol SAIanEES The Bl bennl and 3 bl Lises P WLl ©
conposi tions gﬁﬂh?{:a GOnidBhdd it dedRel fieh ag 2 chipS Elc%a@lﬁ&@ﬂ)‘(aﬁ ofiiattay ?@5?/5%%)

bot h aspects e present iInvention. The yield point (of
stress) nay gessembly,which inbhudgha sarfiicasdudier ciipimounted bn asarriee subistred, toobecause

a material to flow._ The solid organic acid stahilises both the
chemical and peRpAsslE gpnnected to agirgpid bpard yshortime beat fusiRgi n conposi ti ons of
the present invention, an effect which is guantifiable by the

properties given above. The term ' epoxy resin conpositions of the 30

present invention' aphdineshtidaraioproeides § methddodfpeparing R6ctOépokiigestd r st
aspect of the i nvention including those further conprising the

t hi xot r opy- cospmppsitigns enpamethod efruging such epoxy-resinteompesitionnindhé miappiacre
t he secong._asp c% of the inventign alsq. .The termfurther jincludes
such conpdsi ¢ ChREHES Ripuatibie ararieresy e oy o=For thbtecs pindetadhpaves:
The present invention al so provides reaction products of the epoxy resin 5
conposi tions, which exhibit good adhesive strengths when cured.
The words “comprises/comprising” and the words “having/including” when

used herein with reference to the present invention are used to specify the presence of
stated features, integers, steps or components but do not preclude the presence or

20 addition of one or more other features, integers, steps, components or groups thereof.

The present invention will be more fully understood by a reading of the

Detailed Description of the Invention, together with the Figures which follow.
25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. is two schematic diagrams A and B showing a substrate with a dot of
adhesive composition applied thereto and depicting dot profiles of adhesive
compositions, the upper one of which has been stabilised against yield point decreases

30 (Dot A) and the lower of which has not been so stabilised (Dot B).



In a practical application, epoxy resin conpositions of the present

I nvention may be used as an underfilling sealing resin. In this
appl i cati on WQR¥3&B#posi ti ons enabl egz sem conduct or dBGTHDS089Eh as
a chip scal e package/ball grid array (CSP/BGA) 10 assenbly, which

includes a sen conducRIG 26 §cheRtiE Bfdgiin degiting iR lan SXPISBEBViEw epOxPRsin
securely connected to a circuit board by short-time heat curing.

The invention &Pmpogitiens afdke present iyantian isrusp b bong assgoticandsstpr ehdpitma peb.

conpositions, and a hgd of ,usi such QXy-resin .conpositigns in the
manuf acture 15 of erﬁg}(t? ?so%?cgc%ﬁgmaﬁba“%ﬁ?ﬂié{%cé’g’,wﬁ © ’r"qcﬁ%‘gé?%é”‘ghﬁhf"ace
nmount adhesi Vesnvention in use to bond a serdiB&hdRIcH Thip@6 ATPeh IRBVEATWHILS hi\dbeegNd t he

wor ds "havi ng/incl udi ng" when used herein with reference to the
present i nvent dispersed anvederfil) seglagi fy t he presence of stated
features, integers, oy _conpgnents hut .do not ecl ude the presence or
20 addition of onesé}%?aﬁldépﬁf‘%o? %‘;X‘f}aé’é’,‘mi”ﬁ?'e‘g@{)é’,r aspmple comppsivant s or
groups thereof (¢ sition 2 of Table 107 B8oW) §S50abrdk ALt kil L ;
under st ood by (SI (r"gg%gllrllcén of)ft?]elel 2 0I%t aif\"llaeréli Descr]? g‘?iﬁgﬁ JSP&?ﬂgﬁ‘Fﬁ%‘té’ﬁi‘%’%n,
t oget her wi t h theidelwglinges thivvitopyfoohfetring cordfonent. BRI EF
DESCRI PTI ON OF THE DRAW NGS . . . FG 1, is tw schematic

di agrams A and B shoviifg4H depiststa plpkofisqesity aar tisge for the saggsamplgecomposition
conposi ti og, appi . 16k rofi f.. adhesive,, .
conpositi onﬂ)s, It?glé&g%%g(?ﬂ ghceiogp FT [ (Q: %gtﬁggwggg%“g’f % n|c+ ?’?gg‘ fggtaﬁsﬁé “’g.‘héﬁ d

poi nt decr easesnvedflon, apDdicliings chikfteopycsunterfhg ¥hhgdhelS not been so

stabilised (Dot B). ) ] _ i N

10 _ FI &1 5 depicts e plotraf yieldpaingrayer impifertd sinrilncempasitinoded

\;' g‘é"m?gg’é éu(r:,?z:,(egwpgﬂpgr? g&%@;ﬂ' atblleof'f) in facéorrlgan%tra svslt%natselcgnv ar;}:aclacct) r(‘)f Ithri]s il’rllifgn&ocr)l algond
contrasted to two comparative compositions (Compositions 103 and 105 of Table 13).

15

DETAILED DESCRIPTION OF THE INVENTION

Discussion of the epoxy resin compositions of the present invention.

20 The first aspect of the present invention provides an epoxy resin composition
comprising an epoxy compound which has two or more epoxy groups per molecule, a
polythiol compound which has two or more thiol groups per molecule, a latent hardener
and at least one solid organic acid which is substantially insoluble in a mixture of the
epoXy compound, polythiol and latent hardener.

25

The epoxy resin compositions of the present invention show improved ambient
storage stability and show extended room temperature working lives. The compositions
of the first aspect of the invention which comprise a polythiol compound retain good
low temperature curability, for example at 80-85°C, even when component (e) the

30 thixotropy-conferring component is added. This composition has thus the combined

desirable properties: low temperature cure; storage stability; and rheological stability.



FIG 3 is a schematic diagram depicting conpositions in accordance wth
this LOn in use to bond a sem conductor chip to gcﬁ)ﬁggg,da@dlween
whi ch has Bjéi%%gé di spensed an underfill ldeal ant . 4A
depicts a plot of yield point over tinme for a sanple conposition
(Conposition 2 of Table 10a bel ow) in accor dance with the first aspect of
the invention, TheA¥tbrid Webttd P thoprbdehi AVE AR H1BpEL nent.

FIG 4B depicts a pl ohte oifjo Vi stosi tyc rer tiltama ﬂlegsgﬂng%sxg%qm

conposi ti on 1@ompbSdnpesmpiising ko efidky m‘mﬂ'm:lnkievlﬂiax hasl tw)orlnmra@ﬁ(ﬁ)fydgﬁﬁﬁ: port h
a first aspect of this invention, and_ including a

t hi xot r opy- cofReEfilhg lalsRbhAsdaner, a thixotropy-conferring 3gent, 25d glelsast e8¢ soljsl ganje

yi el d poink ol JA#R {85 ABUAEATIISIIION  mixture SFUAPOSIL B A0% 9ha

Tabl e 13) Tn accor aspect I'S 1nven

contrasted to litem la@darf.at i ve conpositions (Conpositions 103 and 105 of
Table 13). 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Di scussi on of the epoxy resin conpositions of the present invention. 20
The first aspect of he present invention, vides an e resin

conposi tion %Y FSIThFP R XPE S, u‘r?&"’?ﬁz‘i“@ﬁm ggh%/ S MY poxy

groups per m)lrﬁc Jn%rna@ll be cured B lh)ﬂlm#ll') dQEHP@:'dﬁHe Ymt'h@ l?arh-@%t L¥GLLa00 'f'fpdlﬁ)ut

t hi ol groups per ecu ent rde | east one solid
organi c aand Vl:ﬁﬁ)?ﬂlfdr& ;feubdbﬁtitneadf lapoutrisD i minuesa }mnwﬁwtgenémnynefter

epoxy conpound, E ythiol and |atent hardener. 25 The epoxy
resin conposi tappheation afitke nmennsition;, agwtettimmoirhont B minweeat sboht BHCC s

storage stabilj xtende .room,te rat ur e wor ki, n Vi The
conposi t ons.  SurteiBlde SR ¥ GBS Gtidn: Sy SRR YRR AT BRI Poe
pol yt hi ol com@uachy gimits AW temperaturd, C@fécﬁx%%eflﬁé éﬁt@ Faiie Hlayivia¥y dépRhding
exanpl e at 80-85[err]C, even when conponent (e) 8

t hi xot r opy- cordrethe ichgseosnmporets amsl thd dpetificatioss cmlﬂxshcd bythetead usérus t he
conbi ned desirabl e properties: |ow tenperature cure; storage
stabili ty, >and r heol ogi cal stability.

Epoxy resin compositions of the present invention can be used at relatively
moderale temperatures and short-time curing conditions, and hence achieve very good
productivity. The compositions show good curability at moderate temperatures, and
may be formulated as either one-part or two-part compositions.

20
The epoxy resin compositions of the first aspect of the present invention may
* be produced by the method iltustrated in Examples 1 to 49 below. That s, admixing
the solid organic acid, the latent hardener, the epoxy, the polythiol and optionally the
thixotropy-conferring component. Desirably, the solid organic acid should be added to

25  the composition prior to the addition of the latent hardener.

The epoxy resin compositions of the second aspect of the present invention
may be produced by the method illustrated in Sections V and VI below. Desirably the.
acid component is combined with the epoxy component before addition of the

30 thixotropy-conferring component.



The second aspect of the present invention provides an epoxy resin
conposition conprising an epoxy conpound whi ch has two or nore r oups
per . wwbessdse, a | atent hardener, |xotropy conferr‘l"ﬁ’d“g &PP and
at least one'solid organic 5 acid mhlch desirably substantially

i nsol ubl e in giRdwckidh &f He °§ﬁ’9§" gg%?én_gﬁ_ﬁ_pgund, and | at ent har dener.
The epoxy resin conpoSitions of the second aspect of the present invention
may ordinarily be cured by heating to a tenperature in the range of about
100 to about 10 Jﬁg[err C for %fgerlod of tinme of .abou 8.5 to 60

m nutes. However, rSRPKY copp@nd for the °p8’ﬁbf°r“é‘a‘iof‘5’ﬂ“8f’“ﬁ?lfé eBIf®i tion, a
cure time of t | set
up the conposi F‘? ttmﬁdg F}H&ng}%c ettfg(p[gﬁ‘tr1 eﬁ&g@g?éé@ﬂéﬁvgmgg&%‘if e%at‘gh%?ﬁwé B

about 15 nj nutrﬁﬁrea:boixhagnmpﬁrpe:rtablumﬁc ioEludingrpetyglydidyd ethersenf pobfhiylige may vary
dependi ng on the chosen conponents and .t he speci fications established

by the end us dthenols gfor example po yglyc1dﬁ§g;&;s ?f&fweE?}MW{hF’éfﬂf Bisphepsl ﬁl%sen i
t
Shor -t 1 me. curiest Sofartiehs EPaREF dprunds oRHEL B Ecab IPETAMIESIRRL such

leve
productivity. aihﬂt&@mpﬁi 6d1?é1§yl§ﬁ@g¥y6@%i gﬂ?)t&ﬂﬁ)hdlﬂhtelpldﬁlorﬂﬁ’,dﬁlhaire also suitable.
tenperatures, and may be formul ated as either one-part or two-part

conposi ti ons. Bxidised (poly)olefinic refins, emugasmmenoh@w@mrmm epdxidined dresodt

1 f th nt 1 1
Pty o ah T Thsin Aty clpgu e ppon s B i i i AR T8l |
organic acid, hibgq Pétﬁé}tes@&r SRR thdsB SLRAEEDY &mmg%wmy&urb&a}ﬁcqaw»ﬂnﬁl ly

t he t hi Xotro y-conferfing component. Désirab thé soli"d organic
acid shoul d bee;addmﬁbhydmzﬁnd pblygly(cuiypes;ens;smnhps those b‘tﬁamhébmbdcmngm of t he
| at ent har dener. ony resin cop 05|t|ons of t

second aspect E)‘TIY‘E%E""FYP5§QHtWIF}h%FHIPES’hY siRane R AGHRROZY TIPS AR ﬁ‘bt hod

i1 Tustrated inggpeghl Qﬂﬁer\éuﬁme ¥f>m8¢eéo%ou9§§fn'&ﬂ1m ¥oltypﬁoxy compounds based on

15  aromatic amines and epichlorohydrin, such as N, N'-diglycidyl-aniline;
N,N'dimethyl-N, N-diglycidy!l-4 4 'diaminodiphenyl methane;
N,N,N'N'-tetraglycidyl-4, 4' diaminodiphenyl methane;

N-diglycidyl-4-aminophenyl glycidyl ether; and
N,N,N',N*tetraglycidyl-1,3-propylene bis-4-aminobenzoate.

20  Combinations of these epoxy compounds may be used. Among the epoxy resins
suitable for use herein are polyglycidyl derivatives of phenolic compounds, such as
those available commercially under the trade names EPON 828, EPON 1001, EPON
1009, and EPON 1031, from Shell Chemical Co.; DER 331, DER 332, DER 334, and
DER 542 from Dow Chemical Co.; and BREN-S from Nippon Kayaku, Japan. Other

25  suitable epoky resins include polyepoxides prepared from polyols and the like and
polyglycidyl derivatives of phenol-formaldehyde novolacs, the latter of which are
available commercially under the trade names DEN 431, DEN 438, and DEN 439 from
Dow Chemical Company. Cresol analogs are also available commercially ECN 1235,
ECH 1273, and ECN 1299 from Ciba-Geigy Corporation. SU-8 is a bisphenol A-type

30 epoxy novolac available from Interez, Inc.. Polyglycidyl adducts of amines, |

aminoalcohols and polycarboxylic acids are also useful in this invention, commercially



acid conponent is conbined with the epoxy conponent before addition of the
30 t hi xot rgfl%/ %osqf erring conmponent. Di scussi onpefnkddmofnoxy
resin conpo The epoxy cnpound for the epoxy resin
conpositions of

pol yrrelri c Fpoxi*’(fféﬂgmgr'i%%}ef‘g‘taf%Ckh%&\égglofﬂm)éoﬁ% &?‘wagﬂagm n)g;rloupsf
gignpn})e?cgo?yg:?%l d‘i{lﬁﬂ%ﬁg ;slrg%%/ﬁ?)l sphéwg Sakt?ldss&[gllﬁenoTMYF, %ﬁ%ﬁﬂgyo’ o

catechol, r esormdn@RAUBjﬁEy}Sd;@ fijoatGiba- @hgyxﬂnqnbrbtyorr 2 RGAK pod POAACIffom the
al cohol s such- as _hut anedi ol or polyethyl ene glycol or gl gceri n wth
epi chl or ohydr i nSheavin-¥illgms fq. Jppexy resins anedisensged d UsJatspt apet.#3).41% dsientire

epoxi di sed phen v, i resol 10 novol ac -resi ns
and cycl oal Ppha‘%)}ngenéspgx‘gﬂlgﬁg{eﬁ’%r@ m&ﬁg&dgédsnggeel Al so included are

gl ycidyl ether esters, such as those obtained by reacting hydroxycarboxylic
acid with eplchlorohydrln and pol yglycidyl esters, such as those

obt ai ned by reacting &Yithinthe Wy@ambémtm}’é@l1§°WQWWF}PI§WFW€3@WMIW6HH

Ureth di f Q tabl e
epoxy conpounds Fife LBy Beg e S B R Fo) BRBAmirE A Fes
and epi chl or ohygifjeat slﬁn‘ﬂx@&‘hé’v@ dNam&leftFWith's Me‘rélﬂérl l'hﬁ‘leof the  epoxy compounds within

N, N -di net hyl -N, N -diglycidyl- di am nodi phenyl neth
N,NNN,N -tetr a@bypoxi}yd:mﬁpnnéht lmhvarg mdchspthOxmgerse Ordmanly, the reactive diluent
N-di gl yci dyl - 4-am nophenyl cj dyl et

N, N, N | N -t et ratjiopd kaye 31"““9*1 k?ﬁwéhé SEL fg?ﬂﬁ@é’éhzlséfefecvezb‘“‘:hd
Conbi nat i ons of mtoﬁﬁﬁﬁct?&%gp&gl yngm 'E@X Q%hﬂ?&gc :;bgnpr]otﬁgn SRYYadiRe! NS

suitable for use herern ar derl vative eno I C conpounds,
such as t Bidseht,3vah hﬁbb&ummﬁw@bay rasinshdatd b&lﬁnplbyeb?mnmmlﬁPﬁl\h;BaB
EPON 1001, EPON 1009, and EPON 1031, from Shell Chem cal Co DER
331, DER 332, DERUSApagnbased on theypRl gftherapery Msie wenarnest Co.; and BREN-S
from N ppo Kayaku Japan. O her 25 suitable epoxy resins i ncl ude

pol yepoxi des prepared from pol yols and the |ike and pol ygl yci dyl

derivatives of phenol Trermsi-tettyidaainpyey st sholR! havtafk DE y 90LS i@ alkyl
avai l abl e conmercially under the trade nanes DEN 431, N 4?38 and DEN 439

from Dowg it ehputGonpheyt. 280l atoms esgmples of which inclafle é?m%zs alkyl
comercially ECN 1235, ECH 1273, and ECN 1299 from C ba- Ge ?
Cor porati on. SUgHcidyl atheissBaias faAtyragiskeglycidyl esters and Cg-Cpg alkylphenol glycidyl
ethers.
20

Commercially available monofunctional epoxy resin reactive diluents include
those froth Pacific Epoxy Polymers, Richmond, Missouri, under the trade designations
PEP-6770 (glycidyl ester of neodecandoic acid), PEP-6740 (phenyl glycidyl ether) and
PEP-6741 (butyl glycidy! ether).

25
Commercially available reactive diluents include those from Pacific Epoxy
Polymers, under the trade designations PEP-6752 (trimethylolpropane triglycidyl ether)
and PEP-6760 (diglycidyl aniline).
30 Suitably the epoxy resin is present in amounts of about 40 to about 80% based

on the total weight of the composition, such as about 45 to about 70%. It should be



30 epoxy novol ac available fromInterez, Inc.. Polyglycidyl adducts of

am nes, am noal cohol s and pol ycarboxylic acids are al so useful | E

t hi s i nvent wangs/asaswner ci al |y ayai | abl e resins of PGHIEIF AL ude
GLYAM NE 135, GLYAM NE 125, and GLYAM NE 115 fromF.1.C. Corporation;
ARALDI TE MY- 72@ipteARWdt TheldmOR{of a given carfipordiRinPhildned kel g apgly - Gei gy
Corporation and PGA- X and PGA-C fromthe Sherwin-W 1l lianms Co. Epoxy
resins are di sCOpaYtips eighetipsband srsondaspsels o theyipeentignire 5 contents of
whi ch are hereby incorporated herein. Wthin the epoxy
conponent may be included appropriate reactive diluents whi ch incl ude

monof uncti onal Ecussbh a'fme@hg]iﬁw@%ma{; epoxy resins. The reactive

di l uent shoul d have a viscosity which is |lower than that of the epoxy
conpounds wethin 10 the epoxy conponent having at |east two epoxy groups.
Odinarily, the reactive dil.uent shoul d. have .a viscosity..less t.han
about 250" P s (cpeythempoiRSE Bnyung for Safmpostiond 6 uR PR Rt v SR8
resin is includgg wd delictdtrifn 8PP ¢ rGPIPRRRRIHund Which IRAGL W more thiol gébdpd 9Bt .
such nono-functi dnal epoxy resin should be enployed in an anmount Of up to
about 50 part s rhelsede,onch fmarinwtigilolpfopahe tris8xyencag opropimnpio énmethyolpropane

R L R T T e R A T
gl yol tyT oot er andréeptoprapiopardl et rRme] Poty b Ficiapliyopionsid] LGRS fveg i
Commer ci al | y av@ihéabipgopropiohatecindoaikil pglothyols ashras baamelyedithibl) betaneilnt| ude
dithiol, and aromatic polythiols such as p-xylenedithiol and 1,3 5-tris (mercaptomethyl)
benzene. Polythiols may be added in amounts of about 25 to about 50% based on the
total weight of the composition, such as about 33 to about 40%. ..
15
Suitably the ratio of the epoxy compound to the polythiol compound in the
composition is such that the ratio of epoxy equivalents to thiol equivalents is about

(1.5:1 to about 1.5:1, such as about 0.75:1 to about 1.3:1.

20 The polythiol component described above may optionally be included in
compositions of the second aspect of the invention. Polythiol compounds suitable for

use in the invention are referred to in US Patent No. 5,430,112,

Discussion of the latent hardener component:
25

The epoxy resin compositions of the present invention include at least one
latent hardener, which typically is heat activatable. Such a latent hardener should be
substantially inactive at room temperature but be cépable of activation at temperatures
above 50°C to effect the heat cure of the epoxy resin. Suitable hardeners are described

30 in British Patent 1,121,196 (Ciba Geigy AG), European Patent Application 138465A
(Ajinomoto Co.) or European Patent Application 193068A (Asahi Chemical), the



t hose from Pacific Epoxy Polyners, R chnond, M ssouri, under the trade
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pol yt hi ol eorrpmwmlmat%y eqmmoldr propomonﬁm{ pbthalic Aridiand disdaslpmine damine. A

conposi tions f. th be sel ect
{1 om any. ner oot a-Es b B PSR RiRe Pp BHE, R Gibs GG B e e
nol ecul e, suchmag @m,mpnhyjmsl,propane tris (B-nercapt oprop| onat e),

trimet hyl ol propane tris (thioglycolate), pentaerythritol tetrakis
(thioglycol ate), pentaerythritol tetrakis ([err]- 10

et hyl one. glycol bi & Ye Botier B dais TR 5k B iR o ey P ok PMTabosshch
Cuch ae ptyi oyt B Bazals compottd el pSfi ALABRY KRB el
Pol yt hi ol s may(itipplattsiédanhyddda Uiespdffuabioial 2bodyocontppuhd oi¥joHeang dompotilte
having two or more epoxy groups in the molecule as described in U.S. Patent No.
4,546,155, the disclosure of which is hereby expressly incorporated herein by reference.
A hardener of this type is commercially available from Ajinomoto Co. Inc. under the
15 trade mark AJICURE PN-23, is believed to be an adduct of EPON 828 (bisphenol type

epoxy resin epoxy equivalent 184-194, commercially available from Shell Chemical

Co.), 2-¢thyl-4-methylimidazole and phthalic anhydride.

Other suitable hardeners are those given in U.S. Patent No. 5,077,376, and
20 those of the 112 patent termed "amine adduct latent accelerators”, or the reaction
product of a compound having one or more isocyanate groups in its molecule with a

compound having at least one primary or secondary amino group in its molecule.

Additional latent hardeners include 2-heptadeoylimidazole, 2-phenyl-4,5-
25 dibydroxymethylimidazole, 2-phenyl-4-methyl-5-hydroxymethylimidazole, 2-phenyl-4-
benzyl-5-hydroxymethylimidazole, 2,4-diamino-8-2-methylimidazolyl-(1)-ethyl-5-
triazine, additional products of triazine with isocyanud§ acid, succinohydrazide,

adipohydrazide, isophtholohydrazide, o-oxybenzohydrazide and salicylohydrazide.

.30 Other commercially available latent hardeners from Ajinomoto include

AMICURE MY-24, AMICURE GG-216 and AMICURE ATU CARBAMATE. In



total weight of the conposition, such as about 33 to about 40% 15
Suitably the ratio of the epoxy conpound to the polythiol conpound in the
conposi ti od desghah that the ratio of epoxy eqU| val ents to tHGTSIE9S9/00001

equi val ents i s about 0.5:1 to about ¥ 5 such as about 0.75:1 to
about 1.3:1. gpgﬁ may
optional Iy be i ngf()l?dgé) YACURE ﬁk%ﬁog%y%%kgﬁgf emsfé%gn ag%%g?ﬁggﬁ} he
invention. PolK#hj hlpam:)m‘moalmjbe saeidt @bﬁEufaplean Patent Appdieation Nbed5964dnt i on are
referred to in US Patent No. 5, 430, 112. Di scussion of the |atent
har dener conpdﬁ%ﬁ?“’?@Ove The epoxy resin conpositions of the
present invention include at |east one | at ent hardener, which
typically is heat activatable. Such a | atent hardener should be -

subst anti akly i nact i1719¢ latent mmﬁeem@rsanam? bbptestt ig amabhte oo frofcdbovas ton at
t enper at ures bove 50éerr to effect the heat cure of the ep oxi;B
resin. Suitabl é’"ﬁ&"r‘%ﬁﬁé‘ﬁ desiiablydearms abpid t9@bout 39 parts; mete degirehly frommabpuy

o) o Eut opeifoBit AR syt Tal ek T SR A oY Yo T ent BUERTRS

di scl osure of &aﬁrﬁﬂﬂfzd Whiddustay fcBemiSdymEBaS 6 dy ibe GBiaRdadotiind 16 Ry Whe

ref erence. sui tabl'e hardeners for use herein include
comerci al | y aassilellel e ones, such as Anchor Chem cal 2014. British
Patent 1,121,196 describes a reaction product of pht hal i ¢ anhydri de

and an al iBhatic polyanine, nore particularly a reaction product of 5

approxi nmat el y 9&%_&?\ ﬁ{é tpgggﬂrm, SaQh cHibBnk ¢ acid and di et hyl am ne
A ardener

triam ne. IS type Is available comrercially from
Ci ba Geigy AG under the trade

The solid organic acids useful in the epoxy resin compositions of the present
invention may also include compounds which do not have one or more acid functional
15 groups but which have an acidic proton or have an acid nature, for example enolisable

materials.

The term ‘aliphatic’ as used herein refers to C;-C,, suitably C,-C,q straight or
branched chain alkenyl, alkyl, or alkynyl which may or may not be interrupted or

20 substituted by one or more heteroatoms such as O, N or S.

The term ‘cycloaliphatic’ as used herein refers to cyclised aliphatic C;-Cyy

suitably C;-C,, groups and includes those interrupted by one or more heteroatoms such

as O, N, or S.

The term “aromatic’ refers to C3-C,g suitably C;-C;paromatic groups including
heterocyclic aromatic groups containing one or more of the heteroatoms, O, N, or S,

and fused ring systems containing one or more of these aromatic groups fused together.



mar k Cl BA HT 9506. Yet another type of latent hardener is a
reaction product of (i) a polyfunctional 10 epoxy conpound,y A

i m dazol e NPV such as 2-et hyl - 4- met hyl i dazol e and PC(MF})?WM

pht hali c anhydride. The pol yfunctional epoxy conpound may be any conpound
having two or nore Bpdsym (gacysylic acidh énchisies @gids haging ese pf e ¢arbaxylic gPapsnt
No. 4,546, 1?%{ t he discl osure of Wnioch i S herteb;‘/l exglre si?){

i ncor por at ed HERAT [V BYF PRFSFEREESNL one or Most fpay be optignally e °P§% hegester group
comer ci al |y awghbigkbiphisiaga AT, oQawk SuiablydeC, kg1 Eroupt r ade mark

AJI CURE PN-23, is Zel i gved@t o] lbeﬂ)an )?1 ducpt of I?I%\l%%h?bléspgenol type
epoxy resin epoxy equival ent 184-194, commercially avail able from Shell
Chem cal Co.), 2-ethyl-4- matlh | i m daz%g .and phthalic anhydride.

Ot her suitabl e har dEHeFER a3 BP0 4RE YT SAMPRY .%‘V%‘gﬁtm%‘?mﬁl}‘ﬁ‘?’?? §78'PS and
20 those of th@ thé—gc%mpgﬁ]?d}tﬁc} IRMiphE A1 AFHHGE wheh 88d Rk tuB ches ale'
the reaction product of conpound having one or nore | socyahate
groups in its usedectdfer taighinoaes to which eliplaticgcyrdnalipbatixt ardeasmatagropps o6Rry or
secondary am no group in_its nol ecul e. . . Addi tional | atent
har dener s i ncl SRPiDathws PhHSH EORPHAE Htaches byhdifRet bonding 9xring fusion.

di hydr oxynet hyl i m dazol e, 2-phenyl -4-net hyl - 5- hydr oxynet hyl i m dazol e,

2- phenyl - 4- benzyl - 5- hydr oxynet hyl i m dazol e,

2, 4- di am ng- 8- 2- netTiyd defth digtreaby lindlddestdoddoulds having ofd drbitepheasli gro@podnd
products of triazine with isocyanuric acid, succinohydrazide, ]

adi pohydr azi dethe tesoyshiihbatishgynleatiphatic andxrpbuaitiz sthgduaed wedesadbe phenols is used

sal i cyl ohydr azj de, 0 . . .her co rcially avail abl e | atent
hardeners fr onﬂ"AﬁeﬁBhéleBO*Sﬁ% high ahph%c’/ﬁwéi%@w-% ,a¥‘ﬁﬂﬂtﬁﬁi@“@r216 and
AM CURE ATU CARBANRdiEons lof these groups are attaBkd By Gifoct DIGHE Eﬁrﬂﬂ%(ﬁﬁ?&r

(comercially available from Kasei Kogyo, apan) may al so
be used. See European Patent Application No. 459 614 di scussed above.
15 The term ‘enolisable’ includes compounds having one or more enolisable

functional groups.

The term “derivatives’ refers to substitutions at one ore more positions
(including directly on a heteroatom) with one or more of the following:
20
Cy-Cy alkoxy, C;-Cyp alkyl, C;-Cy alkenyl, a carbonyl group, a thiocarbonyl group
such as -C=S group, a carboxylic group, a C;-C, alkyl group further containing up to

three N atoms, phenyl, C;-C, alkylphenyl, or C,-C, alkenylpheny];
25 OR, NR, SR, SSR wherein R is phenyl , an aliphatic, cycloaliphatic or aromatic group,

each of which may be optionally further substituted in any position with one or more, of

C;-C4 alkyl, OH , halogen (F, Br, Cl, 1), phenyl, a C,-C, alkylphenyl, or C;-C,

alkenylphenyl or OR where R is phenyl, a carboxylic group, carbonyl, or an aromatic
30 group and R is optionally substituted with C,-C, alkyl, OH, or halogen; |

or



5 The | atent hardener may suitably be present in anounts of from

about 5 to about 45 parts, desirably fromabout 1 to about 30 @g{rts,
nore desi r gk vofeagym about 10 to aboué 20 parts by wei BRT/TE{000030
parts of the epoxy resin. The l|latent harden B may be prepared by

i ndustry recogghﬁgqhgﬁtgpgﬁo &f My be obtained comercially where
avai l able. 10 dcussion of the solid organic acid conponent

The solid organic acids useful in the epoxy resin conpositions of the

pr esent I nvention may al so include_coqpoundﬁ whi ch, do not have one
or nore acid functi of¥emplss of ysefulolig Qreanis qidsare ghenelh dpimopess Fb oy lisrackisy e

an acid nature, %9@0]&%@%3‘%«%}%@9 Aﬁ%%xﬁ?lgrog ap Sngfsrgﬁl:eirﬂ’ rial iﬁ basrt&iltlirgqba‘cild. The

ot P Can
The term allpﬁa | as use erern’re ]-err

Clerr]-Clery] sdraafagitt" ifdludes polyrériyieidsdneliding palycaibikylicd dds and Golyphkiydy.!
whi ch may or may not be interrupted or 20 substituted by one or nore
het eroatons such as O N or S The term ' cycl oaliphatic' as

used herein refers tao,cycl.hsed ali {i el -Cler . ui t,ah

&3 C20 groups and i natagud Dol S-RBEH 1 E" By GREEL e s rvendeiBilohe,
such as Gubdthnt@lly $hséfuble in an epoxy resin/};(?f?ﬂiiélﬁét@ht Ik dBE ddmposRioB$ t O
Cerr]-Cerr] suitably " (ferr]-Cerr] aromatic groups including

het erocyclic arafipdrh@rdif URSaf QN6 RIHBLNP O REatRLt BINE, saéh iwolet Pateee, O
N, or S, and fused ring systens containing one or nore of these

aromati ¢ gLOUPS0PUs Edr tHPEHNBE second aspect of the invention the sbli@ ofgahiv achbdodtpankehtc
acid' includes acids having one or nore carboxylic groups,
should be substantially insoluble in a mixture of the epoxy component, latent hardener

and thixotropic component at temperatures in the range of about S°C to about 35°C,

such as about 15°C 1o about 30°C.

15 The solid organic acid should be present in concentrations between about 0.1
to 25 parts by weight per 100 parts of the epoxy resin in the epoxy resin compositions

of the present invention.

While in a first aspect of the invention the pKa of a solid organic acid should
20 be less than that of the particular polythiol used in the composition, though the pKa of
the solid organic acid chosen for the epoxy resin compositions of the first and second |
aspects of the invention should not be so low as to react with the epoxy compound. The
solid organic acid should also have a degree of insolubility in the composition of the
first aspect of the invention such that it can act as a reservoir permitting only sufficient
25 acid to solubilise thereby neutralising any soluble hardener and/or a reaction product of
the polythiol and the hardener. While not wishing to be limited to any theory it is
thought that, in this way, the solid organic acid may act to prevent chemical reaction
between the soluble hardener and the polythiol component on addition of the hardener
to the composition and thus stabilise the composition over time. The solid organic acid
30 which is substantially insoluble, remains so in effective amounts at temperatures below

the elevated activation temperatures necessary to initiate cure of the composition. The



and if two or nore are present, one or nore may be optionalli esterified,
the ester grou suitably conprising a err]-CJerr] a YT RERWR001
suitably- ag%f?e"lgf’f‘lsé[ err] al kyl group. 5 19 The term an noneQ

i ncl udes conpounds havi ng one or pore qui none groups . and the terns
aliphatic, cyclSIPFRFET Belafdhargiatioe ‘Malageefefemdd@mmdseterqnzmmwt@!re
used to refer t ' i ' ' 0gl.4 | ¢ _and ar.omati c,
groups or ﬂmgg %ﬁ Sq?? %ﬁasn\‘\%f q{;l ﬁgﬁse g W&?%éo %‘% a'g’%{e;‘l‘ta%%tt%eggogg ey peidremains in
bondi ng or ri ngthtsslidform, tHe(hmount being Ebfectivy tstdilésahe cofipbsiiets TIRIIRAKNAS
havi ng one or -nore phenolic groups and .. the terns aliphatic, -

cycl oal i phat i c BHRURESReFIESPIAReaR I IbE gompositier plemsupilised|by the solubidised acid, dna

f h I hch aldcphat i cvel oal iphatj.c.and. aropati,c gr.oups or
conbi nat i bng. of TR RSinn OraP Bk dered Eng By o s ol Fof BirosaeRirer ot on.

15 The #ghilliatRAhéRRYy Yary. THosel Sl AL AASVINAYAAE, QR sMnd MNE o vary
enol i sabl e functi onal groups. The t'erm "derivatives
refers to substihautimeas degired iy makingreppropuaie chaipss of the particulat crthpahedisraadt | y
on a heteroatom) .with one or nore of the follow ng: 20 Cerr]-Cerr]
al koxy, C[err]- I‘éﬁ"f‘i‘tdgreldﬁ?““ﬁ@f’?ej"-'q err] alkenyl, a carbonyl group, a

t hi ocar bonyl group such as -C=S group, a carboxylic group, a
Cerr]-Cerr] alkyl group further containing up to three N atons,

phenyl ,  aor] - err] Tht kolidudrgmyik acids whidr arg sifable i]or&kél(ﬁi’llyxk I&Eﬁmﬂiiions dahe
OR, NR, SR SSR . wherein R is phenyl, an aliphatic, cycloaliphatic or
aromati c group, first aspect of theipepfion,ghould havg apKalsss hamthepXa ek the polythiol
substituted in any

 Chan Wit (o of b5
Syl Oy hal ARpRRRL peaii G BEaURARin & angr opabti¥ i3 hiblg Acidso
Qerr]-derr] are thosedakiag gy thas of Eyud &Y £0Bt 15.0 Phitibly 18ssGRIPPLAGo
group, carbonyl, or. an aromatic 30 .- group and R is optionally substituted
with err]-d ethrgut 0 Ryand afien less then ormal to about 9.0psuch as less than or equal to about
15 7.5. Where a combination of two or more solid organic acids is used the pKa of the
combination should be less than or equal to about 12.0. Ordinarily, at least one of the
acids in the solid organic acid component has a pKa less than that of the polythiol, Le.
less than or equal to about 12.0, and suitably less than or equal to about 10.0 and often
less than or equal to about 9.0 such as less than or equal to about 7.5. While polythiol is
20 not necessarily a component of the compositions of the second aspect of the invention,

it is desirable that acids having the pKa values described above are used in the second

aspect also.

In the first aspect of the invention the solid organic acid may react
25 preferentially with the soluble latent hardener until the acid concentration has been
exhausted, at which time the latent hardener may react with the polythiol in
epoxy/polythiol compositions of the invention to commence cure of the composition. In
the second aspect of the invention the solid organic acid component remains
substantially insoluble in the composition so that solid organic acid is present in an
30 amount effective to stabilise the rheological properties of the composition. Some

rheological stabilisation may be imparted by the neutralisation of the soluble latent



nitro, nitrile, or hal ogen. Exanmpl es of useful solid
organi ¢ acids are phenols, quinones, carboxylic acids and enol i sable
material s. wilof@gP! e of an enolisable matepjal is barbituri ECEIEY/004He 5
term "aci d" includes polyneric acids includihg polycarboxylic acids and

pol yphenol s.  hardener by the soluble 25i@. PQ!deScriiedaBble B itiEStildbRPE theeffdivd | I St
aspect of the invention should be substantially insoluble in an epoxy
resi n/ pol yt hi obmbanterftthdrsnlidenganic asigh insiolybminghe compositianeprpfereatioll e settralisdse
range of about 5C to about .35%errlc,.sucn5)as abOJ.tl.t 15{;1?”10’“) ab&ut 10
30[err] C. For EH&RY SgPeChE IBRRBBRRSRESITE LR RSrEOMPESIIRY it Ol ' AUHBE & SYEHFe8t gani ¢
aci d conponent reservoir othot Qﬂb%h@&p&hqemb@a&gxg 'ﬁé}ﬁ&@e‘!m Slitle acimcaﬁs%%td% the

epoxy conponent, |atent hardener a I'xot ropi ¢ conponent

t enper at ur es i nedthdisstiimge of about 5[err] C to about 35[err]C such
as about 15[err]C to about 30[err]C 15 The solid organic
acid should be present in concentrations between about 0.1 to 25
parts by wei ght per 30Q 8akbf @he HRGRPAI hEM furlifle D8 iPAPRhe SBbR 0.1 1o
conposi tions. of The present I nvention. Imre’1n a
first aspect ohb#l&s0)Myieivns Sitdbieatiltas ab abowt ADO ehibiogsang dasitBlysdboul ) 20

be less than that of the particular polythiol used in the conposition,

t hough the pKaabgut 50 micranyePastitle gize hgnbsan faunditacingyense oy effaseoldho aglid esi n
conpositiopns of the f i.cg;std.and second i spect s of the invention should
not be so Fbw SEEAHS 3<id s dirorsrd i &map gt cbgﬁqpo'und. The solid organic
acid should al so have a degree of insolubility in the conposition of the
first aspect of the invention such that it can act as a reservoir
pernmtting only suffilheestebildstion eff¢ct ist ashieykd i tdrspositioms ebtherfasttaspadt of thg any
sol ubl e hardener and/or a reaction product of the polythiol and the
har dener. Wi | énveationmsthiontpubstaiéal losyiof abilitytoguye (gebot (empergtyres at 80-83Hoinght
that, in this vva% 9\%’he .solid organic acid nay act to prevent chem cal
reaction RPN U sol ubl e hardener and the pol ythi ol conponent on
addi ti on ofsthe hardener to the conposition and thus stabilise the
conposition over tine. The solid organic acid 30 which is substantially

i nsol ubl e, remai ns sdliemmfuhtcef ¢hosernamdinwidl tetinfleenped by its bgdiogémeguivalent, t he

el evated activation tenperatures necessary to initiate cure of the .
conposi tion. THESrEe 0 scrﬁgglhty an paruge size. C\értam combinations of acids (sucsj as carboxylic

acids and quinones) may show enhanced effects over acids used individually.

20 The solid organic acid may be selected from carboxylic acids of general
Formula I : R,CO,H -
wherein :

25 R] is

trans-CH=CHCO,H, -CH=CHCO,R[R is CH,), -CH,C(OR}(CO,R")CH,CO,R"",
[R'is H, C;-Cgalkyl, Ar},[R" is H, C;-C,qalkyl, Ar], [R'” is H, C;-Cypalkyl, Ar],
Cy1-Cys alkyl, -(CH,),CO,Hin is 1-9], -(CHR),CO,H [R is H, OH, nis 1 or 2},
-CH(OR)R"[R'is H, alkyl, R"=C,-C,qalkyl, Ph], -CH=CH-Ar, or

30



tenperatures bel ow the activation tenperature referred to include

tenperatures at or about room tenperature. In other wgicHgEodoooairount
of the soW9Y*Y&hi c acid remains in 2the solid form the anount being
effective to stabilise the conposition. Thus cure initiating species

present in the conposition are neutralised by the solubilised acid, on a 5
continuing basis. O course,Cﬁhpending on the particular acid @pﬁnhardener
t he stabilisation tinme}my VW - Those skill ed ig~ths il
readi |y under st and that tinme as desi maki ng
appropriate choics cul ar conponents and ising suitable
anount s thereof. g ' i COHare

sui tabl e for uGHyn tRO °compPysi ti 6B4zof the irst aspect of the

i nvention“shoul d have a pKa lless than the pKa of the pol ythi ol

conponent. Typical thiols haG8spKas within the range of about 8-12.

Desi rabl e aci ds are those having a pKa | ess than or equal to about
12.0, desirably less than or equal to about 10.0, and often | ess than
or equal to about 9.0, such as less than or equal to about 15 7.5. Were
a conbination of two or nore solid organic acids is used the pKa of the

conbi nati on shoul dOl?l'?erlsgg?Snéé Q(?rﬂp nds 9 Ieéxtzgic%leﬂgto{gg?cgal Q’rgxiuﬁaﬁi: ly, at

| east one of the s in e so organi c conponent has a pKa
| ess thamgot hat of the polythiol, i.e. | ess than or equal to about
12.0, and suitably less than or equal to about 10.0 and often | ess

than or equal to about 9.0 such as |less than or equal to about 7.5. Wile
polythiol is 20 not necessarily a conpo of the compositions of the
second aspect of the invention, R 4 esirabl e that acids having
t he pKa val ues descri bed above are used he second aspect al so.
In the first aspect of the invention % N organic acid nay react 25
preferentially with the sol uble |atentsharldener until the acid

concentration has been exhausted, afswhich time the | atent hardener
may react with the polythiol in epoxy/ pol yt hi ol conpositions of the
i nvention to commence cure of the conposition. In t he second aspect

of the inventiqﬁ t.he solid organic acid conponent remains

substantial |y 56t able in the conposition so that solid organic acid is

present in anp3GsH, amsfwmmoenéyﬁmahva@ Xtk ¢, Be nhﬂkem,qblqgm@kimmp@pg,i es

of the conposition. Sone r heol ogi cal stabilisation may be i nparted by

t he neutral i s&n, du),68-S-AeCEhHHS-8-Amt SR is H, alkyl, baloalkyl, Ph, Bn, Ar], Ph, Bn, Ar,
15 CO,R[R is H, alkyl, Ph, Bn, Ar], CO.R[R is H, alkyl, Ph, Bn, Ar], NO,,

R, is H, alkyl, haloalkyl such as CX; [X is F, Cl, Br, I, élkenyI, Ph, Bn, Ar, OH, OR [R
is alkyl, Ph, Bn, Ar],-CH,Ar, NO,, CO.R[R is C,;-C,qalkyl, Ph, Bn, Az], CHO, CO,R[R
is H, alkyl, haloalkyl, Ph, Bn, Ar], or

20

CO.H

®

HO

- CHg



hardener by the soluble acid. As described above for the first aspect the

effective anmount of the solid organic acid insoluble in the

conposi ti owomeskexential ly neutralises , at |least some REEIEHPOLt i ng
species in the conposition, while retaini n& a sufficient reservoir

of solid acid which can solubilise to replace the soluble acid consuned in
5 neutralisation. It is desirable that the acid has a

mean parti cl e ReiigH, alkyl, haloalikplgsuchise GX,d Xiis tFo Cl, Br, 1], allsent!, OH) OR[Bripalkyl, Ph,

about 50 i or B ArPRREbAS divle CHEE S s L BB B Rilotibathils Mo Poo

the solid 10Bn0§39ﬁ4fb§ acid as discussed in nore detail bel ow.
The stabilisation efféct is achieved in conpositions of the first aspect of

t he Si n\Rans Hoalkw ﬂahbultkylsmhtaamm{ax i$ BsGl, 8, Q)ulkdnyy, @i, OR[R i dief]) Plat
t enper at ur es oC S le t The
et ot eho 5o Ribuis ks Db D S HQ RRIRGS &1 alkghiRha Pandil. Ph,

degree of solqgiﬁhty and particle size. Certain conbinations of acids (such
as carboxylic™ 7.7 acids and qui nones) may show enhanced effects over
aci ds used individually. 20 The solid organic acid may be

sel ected fromcar boxK(I ic acids of genera mul a
Rl err] CO err] Rsis H, alkyl, haloghey} gjch.as £5Ks [X% Er €\, Brsl], alkenyl OH OR[R is atkyl, Ph,

10 Bn, Ar],
Ph, Bn, Ar, CHO, CO.R[R is alkyl, Ph, Bn, Ar}, CO,R[R is H, alkyl, Ph, Bn, Ar } NO,.

Quinones of general Formula III are also suitable for use in the composition of
the present invention:

15

20

25 wherein :

Ry, Ry, Ry and R, are independently H, alkyl, haloalkyl, alkenyl, OR[R is H, alkyl, Ar,
Ph, Bn] CN, Ph, Ar.

30 Phenols of general Formula IV :



trans-CH=CHCJ err]H, -CH=CHCJ err]RRis CHerr]],

-CHerr]C(OR
Ar],[R isWA
Cerr]-Cerr]
[Ris H OH,

[err]

nis 1or 2], -CHHORR'[
R'=Clerr]-(fJerr]al kyl, Ph], -CH=CH Ar,gor 30

CO2R") CH2CO2R'" R is H derr]-(er I
9§9@P‘§r"r%-qerr]al kyl, Ar), %R’"zjs H, qerr]-qer%lr:?)é#%ﬁo?mAr),

al kyl, -(CHerr])[err]Cderr]Hnis 1-9], -(CHR)[err]CJerr]H

is H alkyl,

err|
Q her suitable conmpounds are benzoi c atis B[1Forrml all: 10
wherein
R R
2
. Rs
wherein :
Ris H, OH;

10

15

20

25

R, is H, alkyl, haloalkyl such as CX;[X is F, Br, Cl, | ],alkenyl, CL, F,Br, [, CN, OH,
OR(R is alkyl, Ph, Bn, Ar], NO,, CO.R

[R is alkyl, Ph, Bn, Ar},CHO, CO,R[R is H, alkyl, Ph, Bn, Ar}], PhOH,

R, is H, alkyl, haloalkyl, alkenyl, OH, OR[R is alkyl, Ph, Bn, Ar],Ph, Bn,-CH,Ar, CN,
F, Cl, By, 1,

R, is H, alkyl, haloalkyl such as CX;[X is F, Br, Cl, I], alkenyl, NO,,

CO.R[R is alkyl, Ph, Bn, Ar}, CHO, CO,R[R is alkyl, Ph, Bn, Ar],

OH, OR[R is alkyl, Ph, Bn, Ar], Ar, Bn, Ph,

C(R),PhOH[R is Me or H], C(R),As[R is Me or H] or:

(o] OH 0] OH
rﬁ Rﬁjﬁ%@:&
wherein :

R¢ and R, are independently H, alkyl, haloalkyl, alkenyl, OH, OR [R is alkyl,
Ph, Bn, Arj;

R, is H, alkyl, haloalkyl, alkenyl, OH, ORJ[R is alkyl, Ph, Bn, Ar], F, Cl,Br, I, CN, Ph,
Bn,-CH,Ar;



Rlerr] is H alkyl, haloalkyl such as CXerr][Xis F, d, Br, I]. alkenyl,

OH OR[Ris al kyl, Ph, Bn, Ar], -S-S-Ar-Cderr]H -S-S A, -SRRRis H,
al kyl , halal 4Ph, Bn, Ar], Ph, Bn, Ar, 15 CJerr]R R i SCHIEH00P01 Ph,
Bn, Ar] é%a %&ﬁss H, al kyI Ph, Bn, Ar], Rﬁerr] Rlerr] is H,

80 85 W S i B 01 1

Clerr]- C[err]&‘LijIB, PfCNED\H,GRIRIQ-}EM EEIB&fnﬂer[NDZ,CORs H, al kyl,
hal oal kyl , Ph, Bn, Ar or is H alkyl,

hal oal kyl sucrﬁRaEdlbds P81, s‘\fﬁ: C%:D ‘—J@hR[R]ls HaPMhyh;BW]dlﬁhQﬁr s al kyl, Ph,
Bn, Ar] Ph, k R(R i
Ayt e o oot Pl i ghen Pl iUl

as CX[err]{Xlso FE.[rgem_Br, 1], alkenyl, OH ORRis al kyI Ph,

Ar], NJerr], Ris alkyl, Ph, Bn Ar] CHO, CO2R R is H, aI kyl, Ph, Bn,
Ar], Ph, Bn Ar; Rlerr] is H al kyI hal oal kyl such as CX[err][X

is F, d, Br, I), Ph

Bn, Ar, CHO, CO R “i“g ‘é‘hﬂ‘?‘chﬂﬁml‘ghas ‘APje % ???égeﬁ““EPW‘ﬂ‘l ¥h, Bn, Ar

]. NOerr]- : Qui nones of general Formula Il are also surtable
for use in the conposition of the present invention: 15

0O o
RI/LXJ\PQ
10

wherein :

R; or R; are NR'CO.NR"R"'[R'is H, alkyl, Ph, Ar, R" is H, alkyl, Ph, Ar, R"'is H,
alkyl, Ph, Ar}, OR[R is H, alkyl, Ph, Ar]
15 Xis (CHy),, C(R),[R is alkyl, Ph, Ar, CN], O, S, NR[R is H, alkyl, Ph, Ar], n is 0-10,

may also be used.

The enolisable material may be selected from compounds of general Formula
VI
20



[err] 25 wher ei n: Rlerr], Rerr], Rerr] and R4
are independently H, alkyl, haloalkyl, alkenyl, ORRRis H a

Ph, Bn] CNyOBR/36484. 30 Phenol s gf general For nul gjﬁ?‘{l}wﬁfbom
[err]

wherein

(a) X;=X,=NH, R=H, R;=0, n=1; or
S (b) X;=X,=NH, Ry=0, n is zero so that the cyclic structure has a five membered
ring; or
(c) X;=X,=0, R=H, R;=(CH;),, n=1; or
(d) X;=X,=0, R=Ph, R;=(CHa),, n=1; are also suitable for use in the present
invention.

10 In Formulae I to VI above, Ar represents substituted phenyl, substituted or
unsubstituted bicyclic or multicyclic aromatic compounds, g.g. naphthalene, substituted
naphthalene, and the like and Ph is phenyl. Bn is a substituted or unsubstituted benzyl
group. Alkyl may be straight chained or branched C;-C, alkyl, suitably C,;-C,q alkyl.
Haloalkyl should be interpreted as an alkyl substituted one or more times by one or

15 more halogens. Alkenyl may be straight chain or branched C;-C;, alkenyl, suitably C;-
Cyo alkenyl. Groups where alkyl most often represents C;-Cs alkyl include the OR
group - such as in Formula III, and in the definition of R'in the group - CH(OR)R" in

Formula I. The term ‘substituted’ includes substitution by the derivatives listed above.

20 The solid organic acid may for example be selected from :
4-nitroguaiacol, 3,4,5-trimethoxy benzoic acid, hexachlorophene, 3,5-dinitrosalicylic
acid, 4,5,7-trihydroxyflavanone, 2,2-dithiosalicylic acid, phloroglucinol, fumaric acid,
3,4-dihydroxy benzoic acid, 3,4,5-trihydroxy benzoic acid, trolox, pamoic acid,
ascorbic acid, salicylic acid, citric acid, 3,4-dihydroxy cinnamic acid, 2,3-

25 dicyanohydroquinone, barbituric acid, tetrahydroxy-p-benzoquinone, parabanic acid,

phenyl boronic acid, 5-phenyl Meldrum’s acid and Meldrum’s acid.

Of these acids those which display a greater stabilising effect are barbituric acid,
Trolox, and fumaric acid with barbituric acid displaying a better stabilising effect. A

30 number of solid organic acids which are useful in the present invention are set out



10 Rlerr] is H alkyl, haloalkyl such as CXerr][Xis F, Br, d, I

],alkenyl, d, F, Br, I, CN, OH, ORIR is alkyl, Ph, Bn, Ar], NJerr],
CO R [‘%b%@h‘kyl Ph, Bn, Ar],CHO CJerrl]RIRis H al kyCT/IE$/00BN,
Arl, PhCH, Rerr] is H al kyI hal oal l%? , alkenyl, OH ORRis alkyl,

Egi 02:1 i(yf‘r ]SUEE el C)%Fh_{%ﬁ]e[‘)g% dlfzcueﬂon 'ﬁaeg ?x]l?r éilvk beélq cldﬁgeglrjét]o,fioﬁt &i‘tfcren{( yh

CO R R is alkylgrodgk, Bn, Ar], CHO, CJerr]RRis aIkyI Ph, Bn, Ar],

OH, ORR is al kyl, Ph, Bn, Ar] Ar, Bn, Ph, C(R)2PhO—I[Ris Me or H],
C(R[err]Ar[Ris Me or H or: [err] wher ei n:
Rlerr] and Rerr] are mdepergggwﬁgg kﬁP %l';,q:qgenyl oH OR[R
i s alkyl, Ph, Bn (ﬁwé g@r |rg yl, hal oal kyl
al kenyl, O ORR is alkyl, Ph, Bn, Ar], F, , Br, 1, CN, Ph, Bn
,-CH err] Ar;
Phenolic Functional Groups Carboxylic Functional Groups
4-nitroguaiacol 3,4 5-trimethoxy benzoic acid
hexachlorophene 3,5-dinitrosalicylic acid
10 4,5, 7-trihydroxyflavanone 2,2-dithiosalicylic acid
phloroglucinol fumaric acid

3,4-dihydroxy benzoic acid
3,4,5-trihydroxy benzoic acid
Trolox (6-hydroxy-2,5,7, 8-

15 tetramethylchroman-2 carboxylic
acid)
pamoic acid
ascorbic acid
salicylic acid

20 citric acid

3,4-dihydroxy cinnamic acid

Quinone Derivatives Enolisable Acids
25  2,3-dicyanohydroquinone barbituric acid
tetrahydroxy-p-benzoquinone parabanic acid

phenyl boronic acid
S-phenyl Meldrum’s acid

Meld_rum’s acid
30



Rlerr] is H alkyl, haloalkyl such as CXerr][Xis F, Br, d, I],alkenyl,

F, d, Br ,I, CN, OH ORRis alkyl, Ph ,Bn, Ar], NdJerr], 0 S
al kyl, Ph, venoosep4 CHO, Cerr] RIRis H,_akyl, Ph, Bn, Arl, &Fg‘r?&?f" dof?
provi ded that a conmpound of general Fornmula IV is chosen to have at | east

one phenolic Disgseiep ofthdsenipy-conferring componditpl i sabl e naterials such as

t hose conpounds of general Forrmula V  [err] 10 wher ei n:
Rlerr] or Rlerr] are NRCONR'R'"" [R is H alkyl, Ph, Ar, R is H alkyl,

h, ' v rHn | a 0
(PCH[ gr] )R[ or 'r]s H, R [g?€ih%4t{n£?%ﬁf¥ Ji %@B{l&adé}t bihidh xkxh opP&; }%(n]np x,iénlw dfs

Ph, Arl, n is QhdBympositiomafthafien abpgecustitie invention, dnd whlcﬂ'bezomrmnbmabﬁxéz of

mat erial may be sel ected from conpounds of ge neral Fornul a VI 20
3 e invention, may often include reinforcing

[err] 5 the compositions of the second aspect of t
silicas, such as fused or fumed silicas, and may be untreated or treated so as to alter the
chemical nature of their surface. Virtually any reinforcing fused or fumed silica may be

used.

10 Examples of such treated fumed silicas include polydimethylsiloxane-treated
silicas and hexamethyldisilazane-treated silicas. Such treated silicas are corhmercially
available, such as from Cabot Corporation under the tradename CAB-O-SIL ND-TS
and Degussa Corporation under the tradename AEROSIL, such as AEROSIL R805.

15 Of the untreated silicas, amorphous and hydrous silicas may be used. For
instance, commercially available amorphous silicas include AEROSIL 300 with an
average particle size of the primary particles of about 7 nm, AEROSIL 200 with an
average particle size of the primary particles of about 12 nm, AEROSIL 130 with an
average size of the primary particles of about 16 nm; and commercially available

20  hydrous silicas include NIPSIL E150 with an average particle size of 4.5 nm, NIPSIL
E200A with and average particle size of 2.0 nm, and NIPSIL E220A with an average

particle size of 1.0 nm (manufactured by Japan Silica Kogya Inc.).

Desirable ones also have a low ion concentration and are relatively small in
25  particle size (e.g., on the order of about 2 microns), such as the silica commercially
available from Admatechs, Japan under the trade designation SO-E5. Other desirable
materials for use as the thixotropy-conferring component include those constructed of,
or containing aluminum oxide, silicon nitride, aluminum nitride and silica-coated
aluminum nitride.

30



wher ein (a) X[err]=X[err]=NH, R=H, Rerr]=0 n=1; or 5

(b) Xerr]=X[err]=NH, Rerr]=0 nis zero so that the cyclic structure has
a five me %6434 ring; or (c) X[ ePCTARIIN0PY1=0,
R=H, Rlerr]= err])[er], n=1; or 28 (d) Xerr]=X[err] =0, R=Ph,
Rlerr]=(CH err])[err] =1 eal oswt in the pr

i nvention. 10 The ﬂh'f—‘BFW ﬁ‘é“f?"f%; agrn a%‘(%{g%eﬁ\f’sc ?%%’8?\?'@ ws‘ﬁ’b%{'\etrfﬁ%d
phenyl, substi tps @td4@Rarts such a4RBUBSTS- QS'bﬂils Be£Msdedd nsrmlme SPo%Y cémpomuxRL i C
conpounds, e.g. naphthal ene, substituted napht hal ene, and the |ike
and Ph i s phenyepenBing an the shelokugytraquicerents ofsthb sod ummhbdmnyl gr oup.
Al kyl may be straight chained or branched (Jerr]-Cerr] alkyl, suitably
Clerr]-Cferr] alkyl. Hal oal kyl should be interpreted as an al kyl

substituteds one or NBRE dbERSar¥: &nrﬁe@lﬁfﬂ:a ke&ﬁ'ug@é&g d ft‘ﬁ'l alﬁea'a}{ésnfEBMa?e

strai ght chain or branched err err suit derr]
Clerr] al kenyl tcn@ftomb&:gﬂweetmhk&f‘hemmbpmxemmpaepﬂmeshdf-d;fe@[tdnh]y ctt[tm r]
al kyI i nclude the OR - such tgs in Fogrml a lll, apd.in

defini tion of Rdh‘?‘hvetq?@l’gﬁlé‘ﬁﬁ andaqeeff)eﬁ ¢ fispensabilifpfiihe adhesiveria iip é?fnu%
' substituted P@ éé?l‘:?g SMQE)% l:él“ltn Rﬂal aﬁh%lggﬁh%@fu&lﬁ Vﬁéluhlnitc%preﬁl%gy\%ﬂab1e20

The solid organ

4-ni t roguai acolepody-Hasad tdﬂhdwch@wumeﬁﬂwh&ﬁiany Iaﬁsnalslla |aﬁﬂ QRBe0sder
3,5-dinitrosalicylic acid, 4,5, 7-trihydroxyfl avanone,

2, 2-di thi o8&l i @;qmu&acawdrecmmné@ rgétgaspied stameucen%paﬁ can suffer from wnstaRde oxy

b d, d
eterbr o et v, Thek R ROty (o Ry Blal el i Hrer RN TR fhtens of his

2,3- 25 i Cyaﬁ‘@hﬁﬂfm%@@%ds RBERrdrhFdrtuRCiShch yield point instability can affect the
tetrahydroxy p- benzoqui none, parabani c acid, phenyl boronic acid,

5- phenyl Mel dr@rﬁpsnabddyahdcl\zbh@p&mba omei time and can result in weaker ﬂindtstmssgihadimjs
t hose which di ﬁg ﬁ%’ a gr at.er ﬁbi lising effect are barbituric acid,

Trol ox, and fufBFfReseid G\Ad?‘hP’B bituric acid displaying a better
stabilisingseffect. A 30 nunber of solid organic acids which are useful
in the present invention are set out bel ow, and for ease of

di scussi on herei n onl Mordispeeificeldy, it hipsaintdxe df turtble foatHpattiehbbey m8ins, viscosity

increases are often seen over time, with the viscosity increase often being drastic in a
relatively short time period. In such case, the pot life may be considered too short for
wide-range commercial applicability. Such viscosity increases are due at least in part to

20 the onset of polymerization initiation.

Yield point decreases may also be observed to occur over time in such
compositions. Such yield point decreases are particularly prevalent in those
compositions whose structure has been increased through the addition of thickeners or.

25 thixotropy-conferring components.

As noted, these changes in rheological properties over time adversely impact
the shelf-life stability of the adhesive composition. The epoxy resin compositions of
the invention which comprise this thixotropy-conferring agent typically have yield

30 points in the range of about 30-700 Pa, suitably 150-450 Pa, and a viscosity measured at

a temperature of about 25 °C in the range of about 1-50 Pa.s, suitably 1 to 25 Pa.s



gr oups. EXAMPLES OF SOLID ORGANIC ACIDS 5

Phenol i ¢ Functional G oups Car boxyl i ¢ Funcgd-piiaboéso@ups
4- ni t r oguaivhe 8p/36484 29 3,4, 5-tri met hoxy benzoic acid
hexachl or ophene 3,5-dinitrosalicylic acid 10

4,5, 7-tri hydr o8gsirelxhord@ Pas. The yield point and the viscosity prermaistainedysubgtantinlly

phl or pgl uci nol within these resaective ranges over time. fumaric acid
3, 4-di hydr oxy benzoi ¢ aci

3,4,5-tri hydroxy benzoic acid

Trol ox (6-hydroxy-2,5,7, 8- 15
t et r amet hyl chr@é.e_&_@amt d xylic

aci d) panoi ¢ aci d
ascorbic ac? d o salicylic
aci d 20 _ Any number of conventional additives may also be addedi td ihe ep&xyfresin
3, 4-di hydroxy cinnam ¢ acid Qui none Derivatives
Enol i sabl e Aci dempogifions Bf (e ¢iresganiomgmticonjocinding fillers, thixotropic imparting agents (if

[ [ [ t et r ghydr -.p- benzoqui ngne oy ers
gg; glb;ﬁlr ICC agiCIddnot already presens, %é:act?\z(eydipuents, %orﬂlrjelacgve diluents, pigments, ﬂexxbllﬁﬁgn'gﬂd

boronic acid
Mel drum s aci d
Mel drumlis agid 30

the like, depending on the intended end use of the composition. 5- phenyl

The epoxy resin compositions of the present invention are appropriate for use
in any conventional application of epoxy compositions, such as adhesive or coating
agents. They may be used in the electronics industry generally, including the

15  microelectronic industry. One commercial use of epoxy resins is to bond a surface
mount semiconductor device to a pcb in a chip bonding application. A method of using
a composition of the invention to achieve such a result typically includes the steps of :
(1) dispensing onto an appropriate location on a carrier substrate a sufficient amount of
the composition, (ii) positioning over the location bearing the composition an electronic

20  component, (iii) mating the electronic component with the carrier substrate, and (iv)
exposing the mated electronic component/carrier substrate assembly to conditions

favourable to effect cure of the composition.

Another commercial use is as an underfill sealant to seal the space between a
25 semiconductor, device electrically connected to a circuit board. The epoxy resin

compositions of the invention are suitable for this purpose.

A method of underfilling a space between an electronic component and a carrier
substrate the electronic component being mounted on the carrier substrate typically
30 includes the step of dispensing an amount of an epoxy resin composition according to

the present invention into the space between the electronic component and the carrier



Di scussi on of thixotropy-conferring conponent: The

t hi xot ropy-conferring conponent which is an optional conponent '(e)' of
the conposi {cpgRlset he first aspect of the imvention, and whi RET/TESS/00001
conponent ' (i1i)" of 5 t he conpositions of""the second aspect of the

i nvention, may I, idoSi i sitiShd oGR8 diti i )
funed silicas, Sgﬁﬁgﬂn%fﬂgg*ﬂﬁ% rggg?g%{)@rrg?? ggﬁnggslggﬁéaﬂgﬁgdn&%%{ g{h?ﬁ%&é&aﬂcw
chem cal nat ur elefprovided. surface. Virtually any reinforcing fused or funed
silica may be used. 10 Exanpl es of such treated funed
silicas include polydi nethyl sil oxane-treated silicas and

nexamet hyl di si | azane- k] @1 &0 fg%gu'rxgesﬁ-co SlubhEE B pRbAGARrOR npQ BB A | Y

avail abl e, such as from orati on unde t radename

ND- TS sandoRegbgtute BN @bAtdnObnalfahior. NeuitabiedplioatichRReEslincladcsyringe
AERCSI L R805. 15 ) O the untreated silicas, amorphous and

hydr ous si | i casdisnepsipg, pisdw@nsiep screen printings pagh toughpther conyentipnal adhesivg e
anor phous sili cas i QiC| léd‘% Alg IL 300 with an average particle size
of the primry r}a‘?ctni CP&S™BP8bout 7 nm AERCSIL 200 with an aver age
particle size of the primary particles of about 12 nm AERCSIL 130 with an
average size of the primary particles of about 16 nm and comrercially
avail able 20  hydr olrsa ship boading applicdtionambwithzafscenag tchFikh lseheaudic
particle size of. 45 nm SIL . E200A.Wi t h apd,average pal.ticle. size
of 2.0 nm 8nd firgFams AE%S{?\?YWgéﬁuBVégﬁagwa du: 3P ﬁﬂ}et“iv&lcgmgg‘?éo’b?p@.e nm
(manuf act ur ed bm;r]zﬂﬂfi{'hi?hl i18 pERYY DAL a) conical dot, which retains its sBER Wil lifheONES
al so have a | ow i on‘concCe traf)l on and are relatively small in 25 particle
size (e.g., on (Dre A).d8apetetadtomtoc2umsibecans Jhe Weldipoas it fidfisiehtil krge to resist

comercially . avail abl e from Admat echs, Japan .under, the trade L.
desi gnati on SO- s force Rbgrayiy withgpspect to an application juse figie sgale. Asyigldgoint which is

thixotropy-confgy, g 1)\99(:5%?1%0{' & &tthiltr}Sl'eldgf oﬁt%%? tift2 %élaﬂgtaqgw9Idundcd appearance.

15 (Dot B.) If the dot spreads too much in that period it can cover the solder lands and

prevent good contact of a semiconductor chip to the pcb.

Reference to FIG. 2 shows a mounted structure on which an epoxy resin
composition 4 according to a second aspect of the invention, has been dispensed onto a
20  carrier substrate 1 (g.g., a pcb) between the solder lands 3. The semiconductor chip 2 is
positioned over the location of the carrier substrate 1 onto which the epoxy resin
composition 4 has been dispensed, and the carrier substrate and semiconductor substrate
are thereafter mated. FIG. 2 shows the epoxy resin composition 4 having been
dispensed onto the carrier substrate 1. In certain instances it may be desirable to apply
25 the composition onto the semiconductor chip 2 instead, or apply the composition onto

both the carrier substrate 1 and the semiconductor chip 2.

The epoxy resin composition is then exposed to conditions appropriate to
effect cure 5o as to bond together the carrier substrate and the semiconductor chip.

30 Ordinarily, those conditions include a heat cure mechanism.



or containing alum num oxide, silicon nitride, alumnumnitride and
silica-coated alumnumnitride. 30 TED6001

t hi xot r opy-We3P/8¢48# ng agent shoul d be used i31 an anount wﬁthi%ct%e range
of 5 to 40 parts, such as about 15-25 parts, per hundred parts of the epoxy
conmponent depédndirdey toimptuye reléablilityythe spaderheiseeensthe Semicendrntbrichip 2
application. 5 . Th articul ar set of. rheoloqical, propecties
devel oped for 4pd é}&f‘?é'éri‘?fe‘“hﬁﬁftc T olay b[eesH. 3@3 sﬁﬁﬁﬂ&éthcf\?é’r“d?%l §c.al|aﬁbg(£wliuch
properties i npagly b ARY kesid ESmpésiidd bt the BlestMEnvention. FHOERIxY Gesin
conposition, and’can affect the dispensability of the adhesive’in its

end- use cappbsidans ofithe pMaenyt isonmtienanal beyusadan tabhectbahved, ve fstead of,

i ncludi ng currently-avail abl e epoxy- based adhesives, arge inherently
cheni cal I'y tinstcapysatiapl undedil sralasts speh as gk hese sunme i #vallaide from

) o2 RGO A P Brab g BES R T

r heol ogi cal proper suc ecreases ov

extent of this descriptiohtgloabi IThe)cugddt rodate pé tdsundpiill sealipe siriuld eomSerly Hilel d
point instability can affect the di spensability of the conposition
over tinme and dh# speult in weaker bond strengths due to changes in
the dot profile. 15 More specifically, in the context of
curabl e one-part epoxy resins, viscosity i ncreases are often seen

over tine, pth the vi gapfrsibitRtdseafEbOEdRitubied AdnilEedsihiCsubstraes of A1503,
relatively short tinme period. In such case, the pot life nmay be consi'dered

too short for SiN3 an@nSlflifedA09O3CSNIB) CsudbtrAg b1 18 eI of ihedi-reSidaabt Mekins Aach ¥s
i ncreases are due at least in part to 20 t he onset of polynerization

initiation. polyimides; glass-reinforced epoxy; ABS and phenolic substrates which are also used
commonly as circuit boards; and the like. In FIGs. 2 and 3, the solder lands are
depicted as the electrical connection means.
15
In the arrangement of FIG. 3 the semiconductor device 20 is one formed by
connecting a semiconductor chip (so-called bare chip) 22, such as LS], to a carrier
substrate 21 using an epoxy resin composition at the invention and sealing the space
therebetween suitably with resin 23. This semiconductor device is mounted at a
20  predetermined position of the circuit board 5, and electrodes 8 and 9 are electrically
connected by a suitable connection means such as solder. In order to improve
reliability, the space between carrier substrate 21 and circuit board § is sealed with an
underfill sealant which is the cured product 10 of a thermosetting resin composition.
The cured product 10 of the thermosetting resin composition need not completely fill
25  the space between carrier substrate 1 and circuit board 5, but may fill it to such an

extent as to relieve stresses caused by thermal cycles.

Cured reaction products of the epoxy resin compositions of the present
invention should demonstrate excellent adhesive force, heat resistance and electric
30 properties, and acceptable mechanical properties, such as chemical resistance, moisture

resistance and the like, for the applications for which they are used herein.



Yi el d point decreases nmay al so be observed to occur over tinme in such
conpositions. Such yield point decreases are particularly prevalent in
t hose wOooR/spasai ti ons whose structure hagsj been i ncreased RCWIFIGNO0Ohe
addition of thickeners or 25 thixotropy-corferring conponents.
As noted, these changes in rheol ogical properties over tinme adversely
i npact the shelf-life stability of the adhesive conposition. The
epoxy resin conposi tWbils thefpresent inverition hiasbeert ¢xplaindd abiove distaib ahd folldwing
t hi xotropy-conferring.agent typically have yield 30 points in the range
of about 30- 706"‘?%?“?2eﬂ?‘g‘éfﬁiaf“&‘gv-‘gﬂs%w&{ts AR dyanipgessshieyedsatba iexentive
a tenperature'anﬁgg“BHQS [err]C in the range of about 1-50 Pa.s, suitably
1to 25 Pa.s desirably 1 - 10 Pa.s. The yield point and the
viscosity ase maintai ned substantially wi thin these respective ranges
over tine. QO her Additives: 5 Any nunber of
conventional additives may al so be addedEXAMBBEShoxy resin _
conpositions of the present invention including fillers, thixotropic
i nparting agents (if not already present), reactive diluents,
non-reactive dil uentFhe MugARNUS ihhiRxidlolisehsh-liAMthg examplestherekdrke@ito as
dependi ng on the intended end use of the conposition. 18 End- use
appl i cati ons offoBewosi ti ons of the invention: The epoxy
resin conpqgitions of the present invention are appropriate for use
in any convéentional application of epoxy conpositions, such as adhesive or
coating agents. They may be used ¢ .el.ectronics industry
general ly, including the E Hesifis

"EP-828" - Epikote 828 (trade name of Shell Chemical Co.)

“EPON 862" is a bisphenol F epoxy resin (trade name of Shell Chemical Co.)
"RE-310S" - (trade name of Nippon Kayaku)
15 DEN 438 is an epoxy novolac resin, available from Dow Chemical
Company.
Polythiol compounds:
"TMPT" - Trimethylolpropane tris (B-mercaptopropionate)
(product of Aldrich Chemical Co.)
20 "PETMP" - Pentaerythritol tetrakis (B-mercaptopropionate)

(product of Evans Chemetics)
Latent Hardeners:
"PN-23" - AJICURE PN-23 (trade name, product of Ajinomoto Co., Inc)

25 "PN-H" - AJICURE PN-H (trade name, product of Ajinomoto Co., Inc)

Solid oreanic acids:

Trolox - Trolox is 97% pure 6-hydroxy -2,5 ,7,8-tetramethylchroman-2

carboxylic acid. (Trolox is a trade mark and product of Aldrich Chemical Co.).
30

I. Preparation of Low Temperature Curing Epoxy-Based Compositions



15 m croel ectronic industry. One commercial use of epoxy resins is to

bond a surface nmount sem conductor device to a pcb in 1 ndi ng
appl i cati owo 9/36#84hod of using a conpgsition of the i m‘;gﬁﬁ?%’ﬁ’"?@
achieve such a result typically includes the steps of: (i) dispensing

onto an appropriate |location on a carrier substrate a sufficient anmount of
t he conposition, (ij,) positioning over the |qcation bearing the conposition
an el ectronic 20 &%ﬁ@'ﬁﬂ%‘ﬁ‘%?ct’? l\compOFIHgn Of an &Py E3iR: & PRlgHiok e latenh
the carrier supstrat and .(iv exposing the, mated el ectronj
conponent / carr ‘&’t‘l"’éﬂgg?_‘?%‘s é‘g"é?s% Srbfynd 6°‘Ergﬁ?i’f‘?%6tr‘f§° (and in Sea% GFRB Jéff’Fa and
effect cure of stﬁﬂ?itgicﬁ)/gp%bltdb@.nfrhe correspondin composim%ﬁaiﬁﬂ.%ﬁﬁg% ArEadid
as an underfill sealant to seal the space %etween a 25 seRi conducy or,
devi ce el edt ri ofidhkeynatiossteedthen peepatedc Hecalseahelsolifhagapiosyidiesitintantially
conpositions of the invention are suitable for this purpose., ..

A met hod of unbspPiuble indhe epoxyipo tw@fmr%wgﬁe&%rklbmseemrwretﬁttheamlaon of
carrier ﬁ}%%x%&e%:? t he el ectroni c conponent being nmounted on the
carrier substrate typically 30 i ncl udes the step of dispensing an anount
of an epoxy resin conposition according to the present invention
into the space between the el ectronic conponent and the carrier
substrate, and expodisritptecheborporyhe todloivieg Fpenples where msaligrmtganioacidts added
effect curg is l.sq provided.. . . . ..l n e, .the epox
Fesin complsi ¢ Msridds e heBeauRitiobmirtar nrisy patdiipf phsmentigRERY we
substrate in apypaRA*ROJIRMEg EqapisiibnsSui tabl e application nodes include
syringe di Spensing, pin-transfer, screen printing, and through other
conventi onal adhesive di spensi ng equi pnent. In a
chi p bonding applicatjo ] With refe enge to FIG 1 (schematic 10

di agrans A and S82ERESwHRS BSERURRCHEER2a dot of adhesive conposition

appl i ed 1) To a mixture prepared by blending 100 parts by weight Epikote 828 and 75

15  parts by weight trimethylolpropane tris (B-mercaptopropionate) we added 4 parts by
weight AJICURE PN-H. The components were mixed thoroughly and degassed to

obtain control epoxy resin composition 1 (Table 1a). Composition 1 (Table 1b) was
observed to have a gel time of 70 seconds at 85°C and a RT stability of 30 days. The

stability of the composition at 40°C was 4 days.

20

Examples 210 4

2) Epoxy resin composition 2 was prepared in the same manner as composition 1

(Table 1a) with the addition of 0.5 parts by weight of fumaric acid. Composition 2
(Table 1b) was observed to have a gel time of 90 seconds at 85°C and a RT stability of

25  greater than 58 days. The stability of the composition at 409C was 11-14 days.

3) Composition 3 (Table 1a) was prepared as in example 1 with the addition of 0.5
parts by weight barbituric acid. Composition 3 (Table 1b) was observed to have a gel

time of 160 seconds and a RT stability of greater than 58 days. The stability of the

30 composition at 40°C was greater than 42 days.



thereto), a high yield point produces a conical dot, which retains |ts

shape with tine (Dot A.). Shape retention occurs because th erl d
point is syfdéddeat!y |arge to resist ihe force of gra‘FFﬂ'&IEWQ‘) 1
respect to an application use tine scale. yleld point which is t oo

low results in a dot that spreads out over tine yielding a | ow, rounded
appearance. 15 (Dot B .) If the dot spreads too much in that period it can
cover the sol dgy | acdﬁ:paﬂdonzt('l‘ablprle)/ﬁﬂst p@pardd aohit exainpld 1 Butseith herdyitioarof
chip to the pcb. erence to FIG 2 shows a nounted

structure on mﬂﬁmrtahymw 3|s4e§1|hbidf°xy cmnemeﬁm {Table Ib)aregitariygd tohayeegiebnd
f th
aspect of the Lm%%’t‘%?'i 0l ngg{q ggﬁps?@ﬁﬁ& o‘% ud % 49_@;. gﬁiﬁgégf??,@oﬁﬁé 1

(e.g., a pcb) betweenh the so em condue

posi tioned cove St ACAUHO rier substrate 1 onto which the
epoxy resi n Em;lp( 5 (910%4'%)' gn Ji]h g@én di spensed, and the carrier
substrate and sem conductor substrate are thereafter mated. FIG 2
shows the epox re5|n conp05|t|on 4 havi ng been di spensed onto the
carrier substr&kemple3 £ : ~ eisllt may be desirable to apply 25

t he conpositiog, ont thesem cond st ead

conposi tion on? 2) %pox)bg“ﬁ C[OHE’OSI | e‘?’as Qfgg?r ap %“’117‘13}4(}%{’ Ré gié% gﬁdggltkmc
chip 2. 828 with 75 parts EpQve@QQXMmrcﬂ@ﬂdlp%Mis%%rta‘btéﬂ?@;ﬁoﬁﬁf%@do s
conditions appropriate to fect ‘cure so as to bond together the
carrier sulestradding@f pambxswmgbbnﬂAéICHﬁRE [FiNa23.3The cainplineatsiwere niikess e

condi tions include heaf{ cure nec

order
to inprove rel fRoEPYgHYan %3%36%"%@%’\/@@%”?%“ E‘?é’r‘r‘i%&?f&ﬁ%%?"%ﬁ%’l“’zf) and
the carrier substrate

which  a °Ba’°awoer§3§‘9blfiéfwaa %ﬁsdﬁ?bﬁg%wg%lﬁagﬁPi@’gﬁ{cgviwﬁg%ﬁ%f
con unctton vi T TP cs . TaE BRI BHEPS TR AT R b Lcn

as any of thos@gg@nmer ci aI |y avail able from Loctite Corporation,
including Loctite product nunmber 3150. (See FIG 3. and the

descri pti otf belExamplesibodilr ed product of the underfill seal ant should
conpletely fill t hat space.

6) Epoxy resin composition 6 (Table 1a) was prepared as in example 5 above with

the addition of 12 parts by weight of fumaric acid. Composition 6 (Table 1b) was
observed to have a gel time of 50 seconds at 85°C and a RT stability of greater than 30

20  days. The stability of the composition at 40°C was greater than 15 days.

7 Composition 7 (Table 1a) was prepared as in example 5 with the addition of 12

parts by weight of barbituric acid. Composition 7 (Table 1b) was observed to have. a
gel time of 150 seconds at 85°C and a RT stability of greater than 30 days. The

25 stability of the composition at 40°C was greater than 12 days.

8) Composition 8 (Table 1a) was prepared as in example 5 with the addition of 8
parts by weight of salicylic acid. Composition 8 (Table 1b) was observed 1o have a gel
time of greater than 300 seconds at 85°C and a RT stability of 4-S days. The stability

30 of the composition at 40°C was less than 24 hours.



10 Carrier substrates may be constructed fromceramc
substrates of A1203, SIN3 and nmullite (Al [err]( err] - ScFep9/00001
subst rat esWROY3RE of heat-resistant resing5 such as pol yi m des;
gl ass-rei nforced epoxy; ABS and phenolic substrates which are al so used
commonly as circuit boards; and the like. In FIG. 2 and 3, the sol der

| ands are depi ct ed...as 4 I Lcal i ca 15,

| m the ar rangefent GPHEPoE A (EbE IR biah ERonRANREE ARSI e dAguion o1,
connecting a sgmt<RNAUIEhosf sHEnPl kdtonieakide CConpasiidh PITable 1HUeds dsehv&l to L0 a
carrier . Substrate 21 using an epoxy resin conposition at the
invention and §&@ 4 #4 tinheofSIPARconds at 85PCapd e REeqabitity dfadb ayd. tThe #abiilty2d.
Thi s sem conductor device is nmounted at a 20 pr edet ermi ned position of
the circuits bodfeccdmpoaitidnat ¢02C ode des8 tlan24chaure el ectrically

connected by a suitable connection neans such as solder. In order to

i nprove reliability, the space between carrier substrate 21 and
circuit board { S < Wt bl L heh i J
cured product iBj of %’ﬂ@g}t%s@t@?%% 1ra %gaﬁﬂ%@%&aﬁf%ﬁl_nﬁ% S\M;ﬂh {Pﬁéﬁg%l? g(? £8

product 10 of tphes bheeansof §iphenyleélarninspet Goaiposigiod 10qTakleTp) @/asblseivdd
25 the space between carrier substrate 1 and circuit board 5, but my

fill it to sucho Bivea gel timeottg@edterafian B00 Scondeat YSPELRES RAWRBIlitPYf lestertian
cycl es. Cured reaction products of the epoxy resin
conposi ti oMk of? dayé present i nvention shoul d denonstrate excell ent

adhesi ve force, heat resistance and electric 30 properties, and
accept abl e mechani cal properties, such as chem cal resistance, noisture

L esi stance and fifie IddigpositRin 11NEaBRPIA) %Ak pRiparddUs iNvBkshple fsayiuag% 2d8RMbn of 8
ereln.

parts by weight of pamoic acid. Composition 11 (Table 1b) was observed to have a gel
time of 25 seconds at 850C and a RT stability of 6-7 days.

15
Example 12 - Control for Examples 13 and 14.

12)  Epoxy resin composition 12 was prepared by mixing 100 parts by weight
Epikote 828 with 75 parts by weight trimethylolpropane tris (3-mercaptopropionate)

20 and adding to this 2 parts by weight of AJICURE PN-23. The components were mixed
thoroughly and degassed to obtain epoxy resin control composition 12 (Table 2a).

Composition 12 (Table 2b) was observed to have a gel time of 90 seconds at 85°C and |

a RT stability of 2-3 days. The stability of the composition at 400C was less than 24
hours.

25

Examples 13 and 14.

13)  Composition 13 (Table 2a) was prepared as in example 12 with the addition of 1

part by weight of phloroglucinol. Composition 13 (Table 2b) was observed to have a

30 gel time of 300 seconds at 859C and a RT stability of 15 days.



Wil e the present invention has been expl ained above in detail, the
fol |l owi ng exanples illustrate further the benefits and advant ages
achi eved byye beséspwent i ve conposi tio PCT/IE99/000

EXAMPLES The materials used Qﬁ the followng non-limting
exanples are referred to as follows: 10

Epoxy resins: "EP- 828" - Epikote 828 (trade nane of Shell

Chem cal Co.) 14) Cnmposition 'lEIPUtblBBéE)‘whSprapbbd;miaruxlarriﬁleem)wj&hnlasdddn(dmefde
name of Shel | Chem cal é .. de nanme of Ni ppon
Kayaku) 15  partby wepghiohtgtarig agid- &983@?5“’896{46@3‘?1@%bhwa%19bﬁe%|‘@ heyeohEBow
Chem cal

Pol yt hi ol coanH’Frdg 200 ‘ec"n& argseC and\ T stabifity of 1931 S12¥3-opane tris

( B- ner capt qpr opi onat e) (product of Aldrich Chem cal Co.) 20
"PETMP" - Pentaerythritol tetrakis (B-nercaptopropionate)

(product of Ev@msmplecifotCatiol for Examples 16 to 18.
Lat ent Hardeners: "PN-23" - AJICURE PN-23 (trade name, product

of Ajinonmoto Co., Inc) 25 "PN-H' - AJICURE PN-H (trade nane,
product of Aj|

t n ..
Solid organic agfo %pg{’y re%in cct)mposm.fm ]]5 was prfﬁgarf by msxxlggo%()() B?rée gy wetﬁ’hoxy
-2,5,7,8-tetr armpmyd 818 WIRB3 Parts by weight of pentaerythritol tetrakis (B-mercaptopropionate)

10  and adding to this mixture 20 parts by weight of AJICURE PN-23. The components
were mixed thoroughly and degassed to obtain epoxy resin control composition 15
(Table 2a). Composition 15 (Table 2b) was observed to have a gel time of 15 seconds

at 85°C and a RT stability of less than 16 hours. The stability of the composition at

400C was less than 16 hours.

Examples 16 to 18.

16)  Epoxy resin compositions 16 (Table 2a) was prepared as in example 15 above

with the addition of 8 parts by weight of fumaric acid. Composition 16 (Table 2b) was
20 observed to have a gel time of 60 seconds at 850C and a RT stability of 30 days. The

stability of the composition at 400C was 9 days.

17)  Epoxy resin composition 17 was prepared by mixing 100 parts by weight
Epikote 828 with 33 parts by weight of pentaerythritol tetrakis (B-mercaptopropionate)

25  and adding to this mixture 12 parts by weight of AJICURE PN-H. The components
were mixed thoroughly and degassed to obtain epoxy resin control composition 17
(Table 2a). Composition 17 (Table 2b) was observed to have a gel time of 35 seconds
at 859C and a RT stability of 4-7 days. The stability of the corhposition at 40°C was 2-
4 days. |

30



carboxylic acid. (Trolox is a trade mark and product of Aldrich Chem cal

Co.). 30 |. Preparation of Low Tenperature Curing Epo%@@,@oom
Conposi t i oM 99/36484 \WD 99/ 36484 37

W prepared a control conposition of an epoxy resin, a_ polythiol and a
| at ent Bar deﬁmy t§$ie cgmipositine 18(Te9p el v praparedasint @np‘@iallla@*(cand

I n sonme cases af was. recorde

cor r espondi ng % ‘@f‘lﬂﬂ’)sd o%t B tﬁ'gw?éfggg?% ‘iﬁ‘"%‘(‘&&ﬁﬁdc QP‘“B"“ ltéog"ra{’lr‘FeZh)

i nvention were th r ed. Becaus e soli C . .
substantial 1 o SR fiEh LT REE “éﬂ%%sw%oaq&? PO Fed e Foretpa il
di spersed prior, to t I,ti o ener, As
stated above, JIETEHE PRR| @\‘M’hsg ataqﬂété’ %ntée cmgpm fanftgo S(a:r'ﬁ’ ¥ 78§ i s added
10 we added it to the epoxy-polythiol mxture prior to addition of the

| at ent hardener. W prepared the follow ng conposi tions:

Exanple 1 - Ccﬁmgﬂ_&m 2 to 4. To a m xture prepared

by bl endi 100 828 75 . 15 ts by.wei ght
(71 met hyl of pr ofne. Epmeveiies £9 rafis 5t 6t Bfﬁp%ﬁgt’éwwgéaag’%‘agﬁﬁeeéﬁ@

ht AJI CU 1S ' ,
obtain contr 5:55533%8255?‘.“?1 R o B R A A e p el

1b) was arbAeparechyt \OexghthJ ICURE PN-B®, ankl with aiiitiordsf 40 p8f{ ky wkighanfl a
RT stability of 30 da
> ' ()y barbituric Xcsxd Composmcn 19 (Table 2b) was observed to have a gel time of 90

seconds at 850C and a RT stability of greater than 17 days. The stability of the

composition at 409C was greater than 17 days.

Example 20 - Control for Fxample 21
15

20)  Epoxy resin composition 20 was prepared by mixing 100 parts by weight
Epikote 828 with 50 parts by weight of pentaerythritol tetrakis (B-mercaptopropionate)
and adding to this mixture 8 parts by weight of AJICURE PN-H. The components were

mixed thoroughly and degassed to obtain epoxy resin control composition 20 (Table
20  2a). Composition 20 (Table 2b) was observed to have a gel time of 30 seconds at 85°C

and a RT stability of 8 days. The stability of the composition at 40°C was 2-4 days.
Example 21.

25 21)  Composition 21 (Table 2a) was prepared as in example 20 above but with the

addition of 3.62 parts by weight of barbituric acid. Composition 21 (Table 2b) was
observed to have a gel time of 70 seconds at 85°C and a RT stability of greater than 30

days. The stability of the cdmposition at 400C was 8 days.

30 Example 22 - Control for Example 23.



stability of the conposition at 40[err]C was 4 days. 20 Exanples 2 to

4 2) Epoxy resin conposition 2 was prepared in the sane nanner as
conposi ti ogologzssss (Table la) with the addjition of 0.5 partBCHEREIWAt of
fumari c acid: Conposition 2 (Tabl e fﬁ) was observed to have a gel

time of 90 seconds at 85[err]C and a RT stability of 25 greater than 58
days. The stability of the conposition at 40[err]C was 11-14 days.

3) Conposi t22pn FEgokfhbésin tanpowitiorp22was p@pasd by neixgol 00 phrtebl Weligit
addition of 0.5 parts by weight barbituric acid. Conposition 3 (Table
1b) was obser Enikatp 88 wath50qarts by weightjofpegiperytuiteldesnds (rmgraaprpropicnsia)i t y

of greater than.58.days,..The stabjli Lhe %)?ﬁ_ itjon at 40[err]C
was greater jtﬁlgﬁ “ﬁ%‘“&é%h.‘s mmufe% P dr&%y%efiél_n Of‘%g%]gm i(c)i-i‘ i*“’( ﬁ%{BP%’eT[g_) was
prepared ag i Ryd¥aiReEthdroRghlyWnldRicEBe@tittdiRRpOky control Pestn BAkfckitA 2901 ght

3, 4-di hydroxy cinnam c acid (Tabl e 1b) was observed to have a gel tinme

of 135-160 sequakle 2a)10CampDsigdra2 (Tdbje 26) H3d @glebtimebdR042cahdy 8t 85SPTRand a RT
stability of the 5 conposition at 40[err]C was 18-21 days.

Exanpl e 5 - Codbiy of 34 Eag@nmhesmﬁilitpoﬂ.ﬁ)e compositioR at 40°CpaxJess Bah N6 hours.
conposition 5 was prepared by m xing 100 parts by wei ght Epikote 828
wth 75 parts by weight trinethyl ol propane tris ([err]-nmercaptopropionate)

and to this ]I_g gdggng 25 parts by weight of AJI CURE PN-23. The
conmponent s wer " t horoughly and degassed to obtain epoxy resin
control cqpposition 5 (Table 1la). Conmposition 5 (Table 1b) was
observed to have a gel tinme of 12 seconds at 85[err]C and a

23) Composition 23 (Table 2a) was prepared as in example 22 above but with

addition of 8 parts by weight of 3,4-dihydroxycinnamic acid. Composition 23 (Table
2b) was observed to have a gel time of 120 seconds at 85°C and a RT stability of 11

days. The stability of the composition at 40°C was 6 days.

15

Example 24 - Control for Example 25.

24) Epox& resin composition 24 (Table 2a) was prepared by mixing 100 parts by
weight Epikote 828 with 50 parts by weight of trimethylolpropane tris (8-

20  mercaptopropionate) and adding to this mixture 20 parts by weight of AJICURE PN-23.
The components were mixed thoroughly and degassed to obtain epoxy resin control

composition 24. Composition 24 (Table 2b) had a gel time of 25 seconds at 85°C and a

RT stability of 3-16 hours. The stability of the composition at 409C was less than 16
hours.

25

Example 25.

25)  Composition 25 (Table 2a) was prepared as in example 24 above but with the

addition of 8 parts by weight of Trolox. Composition 25 (Table 2b) was observed to



RT stability of 3-16 hours. The stability of the conposition at 40[err]C
was | ess than 16 hours. 15 Exanples 6 to 11. Qbmmgﬁﬁgmy
resin conp?fg’l?fz‘g’f?% (Tabl e 1a) was prepared3as in exanple 5 above with
the addition of 12 parts by weight of fumaric acid. Conposition 6 (Table

1b) was ha0b s geMetle bD1 IMyeRoAdORIBSPOMIR RPGLabARPBEI1 AbyBSTIRISIARl G 2
RT stability of greater than 30 20 days. The stability of the
conposi ti on atthelbfmpasionmsio§Cordse3-4idagn 15 days. 7) Conposi tion

7 (Table la) was prepared as in exanple 5 with the addition of 12
parts by wei ght of barbituric acid. Conposition 7 (Table 1b) was observed

to have a i:ézé[ Dmcgf ?%g cands 085[err]C and a RT stability of
greater than ] he conposition at 40[err] C was
greater than 12 days 8) Conposition 8 (Table la) was prepared
as in exanple 5 with the addition of 8 parts by weight of salicylic

acid. Conposi t360n SEgoRalresin thnpositionB6 EFabdel 3a)d~mvepae@éy mixing 100tpariebpf

greater than 30Q C.and a. RT. st abi of 4:-5 days The
stability 30 We§ }?‘eémg “&éﬁ%a‘gﬁkﬁi‘f]%bmwﬁém?f@%%fxtbgélfﬂﬁ‘a‘ A& hour s.

9) Conposi thaRadobrlifRingte) Sd ¥@S Eoe@x?sfxﬂﬁct@éz S ARY S MANCURE PN.23.
addition of 8 drﬂné ? . ebvvel ghtn%f phenyl bor r?l C gmdg C(J)orrposmb\lon &
(Tabl e 1b) mﬁmb:smpmdms@vere mixedthumughlyaindtdegassed tol@flainepoxyl sesat codtfobrr] C
and a RT stability of 4-5 days. The stability of . 5 the conposition_at

40[ err] C s |osposiion 264 CFWCgSltIOn 26 (Table 3b)'was observed to have a gel time of 20

seconds at 859C and a RT stability of 3-16 hours.

xamples 27 to 40.

15 27)  Composition 27 (Table 3a) was prepared as in example 26 above but with the

addition of 8 parts by weight of 3,4,5-trimethoxy benzoic acid. Composition 27 (Table

3b) was observed to have a gel time of 200 seconds at 85°C and a RT stability of 25
days.

20 28)  Composition 28 (Table 3a) was prepared as in example 26 above but with the

addition of 8 parts by weight of fumaric acid. Composition 28 (Table 3b) was observed

to have a gel time of 120 seconds at 850C and a RT stability of 48 days.

29)  Composition 29 (Table 3a) was prepared as in example 26 above but with the
25 addition of 8 parts by weight of 2,3-dicyanohydroquinone. Composition 29 (Table 3b)

was observed o have a gel time of 150 seconds at 859C and a RT stability of 11 days.

30)  Composition 30 (Table 3a) was prepared as in example 26 above but with the
addition of 8 parts by weight of hexachlorophene. Composition 30 (Table 3b) was

30 observed to have a gel time of 30 seconds at 85°C and a RT stability of 9 days.



10) Conposition 10 (Table la) was prepared as in exanple 5 mﬁth t he
addition of 8 parts by weight of 5-phenyl Ml drum s acid osit

10 (Tabl e wWe)9ovsasssobser ved to have ggel time of grea?%Tm;tgﬁ@ 0éOO
seconds at 85[err]C and a RT stability of greater than 10 9 days.

11) Conposition 11 (Table la) was prepared as in exanple 5 with the
addition of 8 parts by wei ght of panpbic acid. Conposition 11 (Table
1b) was obser\Bébi t Coimapusitiongil (Table 3a) m‘meep@fcd%irsem(dszémb@&[m with thnd a

RT stabilit 2 for. I 3 and -
T, SR Shaftiof 08 Re 67 mreight o6 2o PRR idfoyiie Se amatekign 35 THaHc 26

arts by weig ote

Do ot byl ot pr ma@“ﬁwf&(*ﬁéf ST BrEas e BB abYs o ART sibifitn g 18 ¥
2 parts byswei ght of AJI CURE PN-23. The conponents were n xed

thgrou;hlzs an:jgdegassed to obtain epoxy regipn confrol corrp)c()sition 12 (Tabl e
2a). CaPposi @cimmsitmr(%ﬁrablem) wnasmqiawrasém exanpla 2é abogdiut withetheof 90
seconds at 85

e CAPLL CMNGNEN, §0$ TIEETAEN Y S S AT
13 d 14. 13 ble,2 ...
19 o 1%, s e Bl SRR b2 TS BSELGRU

Conposi tion 13 g,gl'abl e 2b) was observed to have a 30 gel time of 300
seconds at 85[efr]C and a RT stabili ty of 15 days.

36 10
33)  Composition 33 (Table 3a) was prepared as in example 26 above but with the
addition of 8 parts by weight of 3 ,4-dihydroxy benzoic acid. Composition 33 (Table
3b) was observed to have a gel time of 60-90 seconds at 85°C and a RT stability of 13
days.
15

34)  Composition 34 (Table 3a) was prepared as in example 26 above but with the
addition of 8 parts by weight of 4,5,7-trihydroxyflavanone. Composition 34 (Table 3b)

was observed to have a gel time of 35 seconds at 85°C and a RT stability of 1.5 days.

20 35) Composition 35 (Table 3a) was prepared as in example 26 above but with the
addition of 8 parts by weight of 3,5-dinitrosalicylic acid. Composition 35 (Table 3b)

was observed to have a gel time of 60-90 seconds at 85°C and a RT stabﬂity of 4 days.

36)  Composition 36 (Table 3a) was prepared as in example 26 above but with the
25 addition of 8 parts by weight of 3,4,5-trihydroxy benzoic acid. Composition 36 (Table
3b) was observed to have a gel time of 120 seconds at 85°C and a RT stability of

greater than 12 days.

37)  Composition 37 (Table 3a) was prepared as in example 26 above but with the
30 addition of 8 parts b'y weight of barbituric acid. Composition 37 (Table 3b) was



14) Conposition 14 (Table 2a) was prepared as in exanple 12 with the

addition of 1 part by weight of tartaric acid. Conposi bi-ghrddedodeb! €
2b) was ob¥G &% have a gel time 4df 200 seconds at 85 err?C and a
RT stability of 10-13 days. Exanmple 15 - Control for Exanples 16 to
18. 1opservéhmhave e gehtime wp 86 is¢ domds A6850G anpl £ BArseability ofigxéate tHA012

parts by wei ght Epi kote 828 with 33 parts by wei ght of

pent aeryt hri t §¥%-et r aki s ([err]-nmercapt opropi onate) 10 and adding to
this mxture 20 parts by weight of AJICURE PN-23. The conponents wer e
m xed t horoughly and degassed to obtain epoxy resin control conposition 15

(Tabl e 2a). CasposiCimypbsition(3BItableZa) waa prapaseay asd ekampR\2s dogebutwiieiel 15
seconds at 85[err]C and a RT stability of less than 16 hours. The

stability df tadditioambdgiatty By weight of parabagp eeid] Camppsitivas’§ @ableBp)wasrs. 15
Exanples 16 to_18. 162i Egoxy resin conpositions 16 (Table 2a) was
prepared as i Pbescxeshiochays a gebtjme of 90 secgndp at $2°Gaapdl 2 RAstavility of greaterighan 12
wei ght of fu ,S,g acid. Conposition 16 (Table 2b) was 20 observed to
have a gel ti me?6f 60 seconds at 85[err]C and a RT stability of 30 days.
The stability of the conposition at 40[err]C was 9 days. 17)
Epoxy resin conposition 17 was prepared-by m xing 100 parts by wei ght

Epi kot e 828 wid% 3Xqapesitidn3dndiaglet 32) waseneraesdasiniexamnplecitr above but with the

( B- mer capt opr opj,onat 2 m xture 1

i hi s b i.gh
O A oopetd PR 588 s eishe S Bl b wieh Ber ot Cobaniton e LB

e S S S o e T e

and a RT stabithid yo @fys4-7 days. The stability of the conposition at
40[ err] C was 2- 4 days.

40)  Composition 40 (Table 3a) was prepared as in example 26 above but with the

15 addition of 8 parts by weight of 4-nitroguaiacol. Composition 40 (Table 3b) was

observed to have a gel time of 60-80 seconds at 85°C and a RT stability of 6-7 days.

Example 41 - Control for Example 42,

20 41)  Epoxy resin composition 41 (Table 4a) was prepared by mixing 100 parts by
weight of epoxy resin RE-310S with 50 parts by weight of pentaerythritol tetrakis (B-
mercaptopropionate) and adding to the mixture S parts by weight of AJICURE PN-23.
The components were mixed thoroughly and degassed to obtain epoxy resin control

composition 41. Composition 41 (Table 4b) was observed to have a gel time of 37
25 seconds at 85°C and a RT stability of less than 24 hours. The stability of the

composition at 409C was less than 24 hours.

Example 42



30 18) Epoxy resin conposition 18 (Table 2a) was prepared as
I n exanpl e 17 above with the addition of 4.64 parts by wei ght of
fumari c acixg odagagyosi tion 18 (Tabl e 2b) was observed tBCﬂiaE@/QQO‘yeI
time of 60 seconds at 85[err]C and a roomt%perature stability

g;;gf er than %&da émfg&‘éo&{ Qt-d,b?,%mf“g}’? g:ﬁ”a?é’@gxhte&%ﬂ t41‘%%9%% bQ-rx‘{@g:a)

was prepar ed mddm:ml (ﬁgz;ilda@bgamélghtmf baetiitiric aofd. Composﬁinnkttﬁ(d‘aﬁﬁab\)\wah 50
parts by weight of pentaerythritol tetrakis ([err]-nmercaptopropionate)

and 20 parts bobsewvied it havd|a@eREMRNIRB, scarmiiswat 85°@dod & RATstaifilid. o gpatdrshdm33
wei ght of 10 barbituric acid. Conposition 19 (Table 2b) was observed to
have a gel ti ndayef Th@stability of the comgigsition 864G Wes 2hdays. RT stability of

greater than 17 days. The stability of the conposition at 40[err]C
was greate? than 17 days. Exanple 20 - Control for Exanple 21 15
20) Epoxy r?kﬁg!ggwo%wrgpfog%x%i]eq{_gpar ed by m xing 100 parts by weight
Epi kote 828 wi par y WEl g pentaerythritol tetrakis
([err]-nercapt opropi onat e) and addi ng to this mxture 8 parts by

wei ght of AJICURE PN-H. The conponents wer m.xed t horaqughly and

degassed to ob#Ri n EpRFWIesia SPRPESHPR 4B “tﬂ?r?ﬁ‘ﬂ?ﬁq Bhmpang 19pats bygveightyt

Composition 20 seconds at

Commost £ o7 20k AN ARSI UEFy! SIS Aol Sl ens

conposi ti op at méfthglopldpioMat) dnd ad@mg to this mixture 5 parts by weight of AJICURE PN-H.
The components were mixed thoroughly and degassed to obtain epoxy resin control

composition 43. Composition 43 (Table 4b) was observed to have & gel time of 55

seconds at 859C and a RT stability of 4 days. The stability of the composition at 40°C
was less than 24 hours.

15

Example 44.
44) Co-mpos'ition 44 (Table 4a) was prepared as in example 43 above but with the
addition of 2 parts by weight of barbituric acid. Composition 44 (Table 4b) was

observed to have a gel time of 105 seconds at 85°C and a RT stability of greater than 35

20  days. The stability of the composition at 400C was 25 days.

Example 45 - Control for Examples 45 and 47.

45)  Epoxy resin composition 45 (Table 4a) was prepared by mixing 100 parts by
weight of epoxy resin RE-310S with 100 parts by weight of trimethylolpropane tris (8-

25 mercaptopropionate) and adding to this mixture 20 parts by weight of AJICURE PN-H.
The components were mixed thoroughly and degassed to obtain epoxy resin control
composition 45. Composition 45 (Table 4b) was observed to have a gel time of 42
seconds at 859C and a RT stability of 5 days. The stability of the composition at 40°C
was 2 days. |

30



Exampl e 21. 25 21) Conposition 21 (Table 2a) was prepared as in
exanpl e 20_above but with the addition of 3.62 parts \ f
barbi turi c“éf?:?gcﬁ?f“@onposi tion 21 (Table 2b) was observ%?%bﬂgﬁygpa
gel time of 70 seconds at 85[err]C and a RT stability of greater than 30
days. The st abExamples46ambdZonposition at 40[err]C was 8 days. 30

Exanpl e 22 - Control for Exanple 23. 38 22) Epoxy resin
conposition 22 was prepared by m xing 100 parts by wei ght Epi kot e 828

with 50 parts kg weCghipositioR aBi(TeB1Y UBY WhOprepfred aKirSexample 45 above but with the
([err]-nercapt opropionate) and adding to this mxture 30 parts b

y

wei ght of AJl CuRIRieNS pattseb e waighhefhfumars acidueCampesiiéan 4 OFabledt)wasmbserved
degassed to obtain epoxy control resin conposition 22 (Tabl e 2a).
Conposi ti od 22t iaklagebbime od §4seepds at 33 GindoRIetahility oftgrasdrahan] 30 days. a RT
stability of 3-4 da%/.s_. The stability of the conposition at 40[err] C was

| ess than 16 hdhe stability of the cemppsitionat 400" was 5 d2gs.  Conposition 23 (Table
2a) was prepared as in exanple 22 above but with addition of 8 parts
by wei ght of 3, 4-di hydroxyci nnam ¢ acid. Conposition 23 (Table 2b)

was observed tmﬁave:oaaéﬂsikioh imﬁle%?wseﬁﬁpﬂ%dak iPoteh1E @5 ahshebuRWith the
stability of 11 ays. The stability of the conposition at 40[err]C
was 6 days. addition of 8 parts by weight of barbituric acid. Composition 47 (Table 4b) was

10  observed to have a gel time of 150 seconds at 85°C and a RT stability of greater than 30

days. The stability of the composition at 40°C was 6 days.

Example 48 - Control for Example 49.
48)  Epoxy resin composition 48 (Table 4a) was pre;ﬁared by mixing 100 pa.rts by

15 weight of epoxy resin RE-310S with 50 parts by weight of trimeth)}lolpropane tris (B-
mercaptopropionate) and adding to this mixture S parts by weight of AJICURE PN-23.
The components were mixed thoroughly and degassed to obtain epoxy resin control

composition 48. Composition 48 (Table 4b) was observed to have a gel time of 58
seconds at 85°C and a RT stability of 5-6 days. The stability of the composition at

20 40°C was less than 24 hours.

Example 49
49)  Composition 49 (Table 4a) was prepared as in example 48 above but with the
addition of 2 parts by weight of barbituric acid. Composition 49 (Table 4b) was

25  observed to have a gel time of greater than 300 seconds at 85°C and a RT stability of

greater than 30 days. The stability of the composition at 40°C was greater than 25
days.

These forty nine compositions, together with certain physical properties, are

30 tabulated in the accompanying Tables 1-4.



15 Example 24 - Control for Exanple 25. 24) Epoxy resin
conposition 24 (Table 2a) was prepared by m xing 100 parts by wei ght
Epi kot e 82%wddsa0 parts by weight of tri e hyl ol pr opane t r PET{ESS/0000)

mer capt opropi onate) and adding to this m xtlGfe 20 parts by wei ght of

AJl CURE PN- 23. The conponents were m xed thoroughly and degassed to
obt ai n epoxy resin control conposition 24. Conposition 24 (Table 2b)
had a gel time of 28ssecbysten dtonBijeaboyCEamdples the stabilifafios ffbitlis hohided Iikd

I " B LS, B e i B

prepared as in g&grgq with the addition of 8 parts by
wei ght of Trol E)x rrp05|t|on gg)b’({‘l'abl e 2b) was observed to

have a gel stine of 120 seconds at 85[err]C and a RT stability of 21 days.
The stability of . the conposition at 40[err] C was 3-4 days.
Exanpl e 26 - CHePhysicglBroperties| es 27 to 40. 26) Epoxy resin
conposition 26 (Table 3a) was prepared by m xing 100 parts by wei ght
Epi kote 828 with 50 parts by wei ght of pentaerythritol tetrakis ([err]-
rAjJelr gEtE og Lfg .3 onat e) waiéhedtdiedh EdinpditorTot d Rl 2Rle RAE tom YenifRiritife (BRT™)
stability (‘pot life’). A control experiment containing no solid organic acid and using
10  materials from the same resin/polythiol hardener batches was prepared simultaneously
and used to compare gel time and stability with the solid organic acid containing

composition.
The gel time at 85°C was determined by applying a dot of the adhesive

composition onto a glass microscope slide maintained at a temperature of 859C. The

15 slide was then placed onto the surface of a thermostatically controlled hot plate

maintained at 850C, from which time the gel time was recorded.

Each composition were then stored at both room temperature and at 40°C. The
time required for the initial viscosity of each composition to reach gel point (gellation)
20 was recorded. Viscosity was used to indicate gellation (a point beyond which the

composition is unusable).

In the Examples RT is 20-25°C. In the following tables the stability of each

composition is measured as "pot-life".



The conponents were m xed thoroughly and degassed to obtain epoxy resin
control 10 conposition 26. Conposition 26 (Table 3b) was 3’?‘?‘%@9"
8P 3- 16

have a gel WA &6 20 seconds at 85[err]C and a RT st
hour s. Exanpl es 27 to 40. 15 27) Conposition 27 (Table 3a)
was prepared as in exanple 26 above bg§ with the addition of 8 parts

by wei ght of 3,4, 5-trinethoxy ben20| C aC| d. Conposition 27 (Table

3b) was observed t o-havg—a—gel—ii-re—aF—200 Mmm*f—a-t- 5[ er r JHe—and-a R
stability of 25 days. ] 2D 28) Co sit|on |28 (Tabl e 3a
prepared as i-n exanpl e 26 algye| but{ Wi ghith addilti on pfl 8 pa
wei ght of fumaric afid. |Com@&Rti k8 28! ¢ Tablje {3b) | wad=gbser vizlq |3
have a gel time of 120 geconds pt| 85[leqr]C and a RT qtability jof 4
29) Conposition 2P (Table|3a)|was| gre¢pared gs i h exafpl e 2p pbo
with the 25 addi t{on of 8|par{s| ay I ght [of] Z, B- drjcJyanohyprpqui
Conmposition 29 (Table 3be |8lw|, s |obs¢rved, [t.o have 4 gel 4@ «
seconds at 85[err]Cland{a RT-$tabjllitlylof 11| days 3P|
Conposition 30 (Table 3a sTptreparadtas—Tngxanpte124 abovr B
addition of 8 parts|by wei grgg hexagchl oro h.ene Conpgsi tioh RO (
was 30 observed {o ha%e g=g®| |¥|ng "of |30 [Sq&ondis 4t'|85[ er [T af
stability of 9 days 41) Cojmposition 31 (Taplp 34
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addition of 8 parts by weight of 2,2'-dithi oéalicylic acid. Conposition 31

(Tabl e 3b)

was observed to have a gel

85[err] C angkomost4sat abi | ity of 11 days.

(Tabl e 3a) was prepared as in exanple g&
of 8 parts by weight of 3, 4-

3b) was observed te—h

stability of 11

prepared as in exgnpl

wei ght of 3, 4-di hyldr oky

observed to have g ge

of 13 days.

as in exanple 26 gbov

4,5, 7-trihydroxyfl

have a gel tinme of] 35

20 35) Conposi
but with the
acid. Conposition

60- 90 seconds at g5[e

25 addi ti on of
Composition 36 (T
seconds at 85[err]

Conposition 36 (Tabl e

TABLE 2a

time of 25-30 seconds at

5 32) ConposPCTAEPIBB001
above but with the addi tion
di hydr oxyctnnam ¢ aci d. Conposition 32 (Table
e get e To g—seeonds at pS5tarrE—efe—g RT
mdétgi, CILg J 33 |ofomposition 33|1£Taklq 3a) was
Y 26~abpvE [bdt {W th it he afidi t|FgR | of |8 gdarts by
—Henzpte—age——Sphpoestt] on 33 [ Tabl ¢ » {3b) was
g tijges pf |H0-190. secondsjap 85[erf] Clandfa JRI Jtability
15 ~1 | 3K) Cofppsii ti on| 34 (Tapl e 3% | &3+ Elepar ed
= BUL[WTh [LHe aid| ti on of 8 |pard{s Ty JAei ght of
avaffongs | Cogaposiitiioh' B4 Tabl e 3b) «|cfiag|8bgerved to
sedonds ht! 80flekr] @ and h RT st pbi l{FYy[0R[3. § days.
tion 350 Tab) € Ja) yap [prepajed as | n exgrptet26-4above
a(lli t|eon %f'#g par{s| by wet pht of B, 5-idilnl#raesad|icylic
35 (Tall ¢ Bb hals obsprved tp haedSas gev 3li ne of
r]¢ ang g [RT stablljtylof 4 days. ® 136)
3a)|Syasz priegangd- ps| i n|ekanpl e p6 ab_'cvecbig with the
paits by wel ght| of {3]4] 5-1r({hydroxy bePg8i% i d.
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greater than 12 days. 37) Conmposition 37 (Table 3a) was prepared
as in exa ove but with the 30 addition of 8 parts ' f
barbi turi gpé’é%gﬁ%nposi tion 37 (Table 3b) was 41 ?}%’32?98@ m’?o
have a gel tinme of 90 seconds at 85[err%C:and a RT stability of greater
than 12 days. 38) Cbnp054 lon 38 (Table 3a) was prepared as
I n exanpl e 26 above but with the 5 addition of 8 parts by weight of

par abani ¢ acid. Conposition 38 (Table 3b) was observed to have a gel
time of 90 seconds at 85[err]C and a RT stability of greater than 12

days. 39) Conmposition 39 (Table 3a) was prepared as in exanple 26
above but with the 10 addition of 8 parts by wei ght of

t et rahydr oxy- p- benzoqui none. Conposition 39 (Table 3b) was observed
to have a gel tinme of 60 seconds at 85[err]C and a RT stability of greater
than 19 days. 40) Conposition 40 (Table 3a) was prepared as in
exanpl e 26 above but with the 15 addition of 8 parts by wei ght of

4-ni troguai acol. Conposition 40 (Table 3b) was observed to have a gel
time of 60-80 seconds at 85[err]C and a RT stability of 6-7 days.
Exanple 41 - Control for Exanple 42.
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20 41) Epoxy resin conposition 41 (Table 4a) was prepared by m xi ng 100

parts by wei ght of epoxy resin RE-310S with 50 parts by wei ght of
peht aer yt hr iW@P9 &8t akis ([err]- mer capt opr opi onat e) aRGTAEMIE0L o
the m xture 5 parts by wei ght of AJI CURE PN- 23. The conponents were

m xed t horoughly and degassed to obtain epoxy resin control
conposition 41. Conposition 41 (Tab_l e 4b) was observed to have a gel time

-

of 37 25 seconds ar Sl ertTJC and af RTIStapi ity pof] | ess t hgm—2dThouy s.
The stability of tjhe coppogi tipn at 4P[lerr] § was | ess fhan 44 hpurs.
Exanpl e 42 . g 43)\2|Rcomosi i on 42| {[Fdbl e|=tfa) was pfep ﬁeggs in
exanple 41 above Qut WtH the I adgi tijon pfl 2 paftjs by wei ght [of] |¢
barbituric acid. (Qonppstti-ort4p—(Fabt-e—4)—nhs observed|t o heve—a gel
time of 80 secondq at|85[jefr}q and a RT dtabjljitly of igreater fhan 35|%
days. The stabilitly of2tH&|@Rposi|ti oph at| 40] errkC 25-dayg. (B3|
Exanpl e 43 - Contrjol for |Exapp| e 44. 43) Fpioxy resif conpogrtion
43 was prepared by m KrRG—IOP—parts—by—wat-ght—of epoxy fesin RP%‘BlOS
with 50 parts by weigu cg(t}gagtaeryth’itcl tetirgkis] (Jerr]- 1( wle|E
mer capt opr opi onat g) afré gedrrg| t o |thi B* m|xtufe[*3 'paytjs by wei ght ©f|*Ad| CURE
PN- H. The cdnpohent|s iwerp mjxed| t hqrouphl y and degassed|to jolt gartn
epoxy resin contrdl cpnposijtirop 43. Conppdsr t olg 43 (Tahl e 40) S
observed to have g gel| ti c)=f> 55 secpndg at| 8b[err] C and a R
stability of 4 days. Fhe [S{RbF ity of |the 'cofpogi'ti pn at 40[err]Cm°°~§
A
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was | ess than 24 hours. 15 Exampl e 44. 44) Conposition 44

(Tabl e 4a) was prepared as in exanple 43 above but with the peraesddbd On
of 2 parts‘ﬁ?g%g?éﬁt of barbituric acid. Conposition 44 (Table 4b) was

observed to have a gel tine of 105 seq nds at 85[err]C and a RT stability
of greater than 35 20 days. The stability of the conposition at 40[err]C
was 25 days. Exanpl e 45 - Control for Exanples 46 and 47. 45)
Epoxy resin conposition 45 (Table 4a) was prepared by m xing 100 parts by
wei ght of epoxy resin RE-310S with 100 parts by wei ght of
trimethyl ol propane tris ([err]- 25 mer capt opr opi onate) and adding to
this mxture 20 parts by weight of AJI CURE PN-H. The conponents were
m xed t horoughly and degassed to obtain epoxy resin control

conposition 45. Conposition 45 (Table 4b) was observed to have a gel tine

of 42 seconds at 85[err]C and a RT stability of 5 days. The
stability of the conposition at 40[err]C was 2 days. 30

Exanpl es 46 and 47 46) Conposition 46 (Table 4a) was prepared as
i n exanpl e 45 above but with the addition of 8 parts by wei ght of

fumari c acid. Conposition 46 (Table 4b) was observed 5 to have a gel
time of 54 seconds at 85[err]C and a RT stability of greater than 30 days.
The stability of the conposition at 40[err]C was 5 days.
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47) Conposition 47 (Table 4a) was prepared as in exanple 45 above but

with the addition of 8 parts by weight of barbituric acid,.

Conposi t i oWop/363#bl e 4b) was 10 observesh to have a gel t PREAEIY/0P8Y
seconds at 85[err]C and a RT stability of greater than 30 days. The
stability of the conposition at 40[err]C was 6 days. Exanpl e 48 -

Control for I oXy resin_conposition 48 (Table 4a)

Ex 49, 48 E
was prepar ed bf/la S%aﬁ”@d Pobelegy st °%i§/‘h°fg°a‘ sifengtht fsithepebdives and gelfimes10s
ith 50 i f i i -
CHRE TN I A e

mer capt opr opi. and a 1S’ m xture wei ght of AJI CURE
PN- 23. The conponents were m xed thoroughly and degassed to obtain
epoxy resin control conposi tion 48. Conposition 48 (Table 4b) was

observed t8& have a YWeldeterminedfthegihesive bond sisengil by stresingra §ingle adhesivepverlap

stability of 5-6.da The. st.abi/li of . the ¢ si,ti.on.at 2 40[err] C
was | essyt han J9%¢ ﬁ'd%‘rstgc.’ appiicafiSh o%(éfﬁﬁlfeef%? patglw??lgﬂe bond graaaRd o ‘{1@“ ]
(Tabl e 4a) Was,py SPEE 8 sheark ac%aﬂglt@u%%racimgc Sdilen ihhnt%ﬁﬁgclmallX re@fgaiselon

of 2 parts by weight of barbituric acid. nposition 49 (Table 4b) was 25
observed t o hatest methed ASTIMEDAD0Zr Evedestt ware @ddused fordsclacor8igsiion|abddnel a

RT stability of ar.e han 30 days. The stability of the
conposi tion atTs¥} %?Fﬂ“@‘(/&ﬁ?agieeéh’érthet mapn géthc five ’eﬂ’i?s.

These fortyy nine conpositions, together with certain physical properties,
are 30 tabul ated in the acconpanyi ng Tabl es 1-4.
Compositions 5,24 and 26 represent the control compositions. Compositions

6,25,19,27 .30 and 39 are compositions of the present invention.

As seen in Table 5b the compaositions of the invention form bonds of comparable shear
15  strength compared to the bonds formed by the control compositions. Their gel times

remain relatively low, while their pot lives at 25°C - 40°C show substantial increase.
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Tables 6a and 6b below set out a composition containing a combination of solid organic

acids, Trolox and tetrahydroxy benzoquinone.

We prepared a control composition (composition 1) (Table 6a) containing 100 parts by
weight of Epikote 828, 75 parts by weight of trimethylolpropane tris (B-

mercaptopropionate), and 25 parts by weight Ajicure PN-23. The composition was

tested as before for shear strength, gel time, pot life at RT and pot life at 40°0C.

Composition 2 (Table 6a) was prepared as per composition 1 but adding 2 parts by

weight Trolox, prior to addition of the hardener.

Composition 3 (Table 6a) was prepared as per composition 1 but adding 1 part by

weight tetrahydroxy benzoquinone, prior to addition of the hardener.

The shear strengths, gel times, and pot life at RT and 40°C, for compositions 2 and 3

are also set out in Table 6b..

Composition 4 (Table 6a) was made as per composition 1 but with both 2 parts by

weight Trolox and 1 part by weight tetrahydroxy benzoquinone, prior to addition of the

hardener. .

The shear strength, gel times, and pot life at RT and 40°C for composition 4 (Table 6a)

show an increase in pot life at 40°C as compared to the control compositions 2 and 3
each containing only one of the solid organic acids.
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TABLE 6a
Epoxy Composition No./Amount
Comp;ment Component Identity 1 2 3 4
Type
Epoxy Resin EP 828 100 100 100 100
Polythiol TMPT 75 75 75 75
Latent Ajicure PN-23 25 25 25 25
Hardener
Solid Organic Trolox - 2 - 2
Acid
Tetrahydroxy - - 1 1
Benzoquinone
TABLE 6b
Composition No.
Property 1 2 3 4
Shear Strength N/mm2 23.64 27.28 24.38 25.68
Gel Time @ 85°C {seconds) 16 28 15 26
Pot Life @ RT <16 hours 12-15 days 25-28 days 24-25 days
Pot Life @ 40'C <16 hours <2 bours < 2 hours 4-7 days

IH. Effect of solid organic acid particle size

Tables 7a and 7b refer to a control composition, composition 6 and compositions 6(a) to

6(d) of the invention. We prepared and tested these compositions as described below:

The control composition was prepared as described in Example S above. Composition
6 is a composition prepared as described in Example 6 above (having fumaric acid
added). The fumaric acid added was as supplied (by Aldrich Chemical Co.)i.e.
unground. An analysis of the particle size of the fumaric acid as supplied showed that
the solid has a broad range of particle sizes ranging from 0.4 to 400 microns in size.

The mean particle size was determined as 108.9 microns.

The compositions 6(a)_to 6(d) were prepared as for example 6, (Each composition 6(a)

to 6(d)) contains fumaric acid which was ground and passed through a series of sieves




[err] Tabl es 5a and 5b bel ow set out the shear strengths for

the pot |ives and gel tines conpositions 5,6, 24, 25, 26,19, 27, 30, and 39
above respeMAPEPE 5 Ve deternmgped the adhesive BERAER(®PRHgt h
by stressing a single adhesive overl ap joint with the application of

a tensile force ¢asialgr@indfamatie abidndvingerpaticle size oN8378]ikrons. Thagicunal the
| ap shears according to the procedure detailed in internationally
recogni sed fumgrigsacidrvanvgd Astampasitions Gp)/le &(dsinslugively inamoustsed 1f 2r8 setch

v results. 1A by weishl S0ME coRpBRRA) °Int o fpispd Sk bRl

conposi tions. gashmntd hOd&Gcribed above., 25, 19, 27, 30 and 39 are conpositions of
the present invention. As seen in Table 5b the conpositions of the
i nvention f»rm bonds of conparabl e shear 15 strength conpared to the

o e 0 SR LA o EO Gy Bl s B i
substantial i NEddmipeRtitions 6(a), 6(b) and 6(c) in particular) can achieve comparable gel-times, shear
strengths and stability to these composition containing higher levels of unground
fumaric acid (composition 6). Composition 6(d) in particular illustrates that in order to
10  obtain the best combination of gel-time, stability and bond strengths the particle size
should be considered. Acids showing a lesser stabilising effect may have their effect
improved without altering the quantity of the solid acid used by reducing the particle

size of the solid organic acid by grinding or otherwise.
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Tabl es 6a amd9§/b648el ow set out a conposition containing a comSTHPOM0Df
solid organic acids, Trolox and tggrahydroxy benzoqw none. 5 e

prepared a contrgh ccm:s't:cn. (eerposition 1y abte ) containing 100
parts by v%i ght of Ept kote| 824, 75 partls b) e gﬁt of
tri met hyl ol propape tiris{(pB- gl NHrcapt opr gpi onatiels gnd 25 parts by
wei ght Ajicure PN-238 TIBlop@S|Li gn was Ee]12E |as before for shear
strength, gel tifpe, |fot|T|fe af@RT dnd pot liffe gt |Z¢TEr|r] C. 10
Conmposition 2 (Thbl g 6a] wap pfepargd as per lcongogitipny 1 but adding 2
parts by weight _Tholok, prior {to additijon af it ar dener .
Conmposition 3 (Tpbl g 6a) wap pfepargd as per [conpogitipnt 1 but adding 1
part by wei ght t et ahydr‘g y Renzoqui norne, pri ¢r| tjo addition of the
hardener. 15 sTheshhpar |glrerjgths, gel| tinegz|8 pot life at RT and
40[err]C, for copposidi ¢R{ P and|™ are pl sq=48ts in Tabl e 6b.
Conposition 4 (Thbl g 6a) wap mad¢ ag per conppsitfiqn|d}but with both 2
parts by 20 welght]{ Trol oxjand 1 part by weight |t gt fahyldr oxy benzoqui none,
prior to additiop of[Th har dgner . rfiespear strength, gel
tinmes, and pot I{fe jat RT{ahd 40[lerrf] C for copposgitli on| 4 (Tabl e 6a)
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show an increase in pot life at 40[err]C as conpared to the control |
corrpomho&iwglsg&g 3 25 each containing only one of the 50'#@1‘/%99/66“0?

aci ds. 56

TABLE 6a Epoxy Cbnp05|t|on

No. / Anount Conmponent Conmponent ldentity 1

2 3 4 Type Epoxy Resin

EP 828 100 100 100 100

Pol yt hi ol Tables 8a and S[Mqﬂustrate how controlling fBe particle size of barbRuric acid affects bothS
75 .Late Ajicure PN 23 25 25

25 ‘“bﬂ“Y@E‘“th“d"dFﬁWﬁener Solid Organic Tr ol ox

- < 2 2

Tet r ahydr oxy 1 1
Benzoqui npAdaralion uf compositions: TABLE 6b
Conposi tion No. Property 1 2

3 4 Shear Strength N mMm® 23. 64 27. 28
gg 38 We prcpzfé? ixr?n? lested lhuLGglrQ%stnmn@ESd scnhl,vggé E’IC? gds@% RT16 <16
hours £ &ﬁnﬂ%ﬁ% s in TabléRa %ﬁu ﬁ?(].gdn.d by rhtki nz":_’ludﬁﬁér 100 parts by wut'lﬁgtu.hl-\'\lf e @
40[er ]C ‘hours urs our s 4-7 days 10

i f ee}buwfruﬁﬂ'l Eﬂ Sa8 gﬁhEEL)NC&@ paritdadhe theimixture 10 60"C. Ta this mixture was

20

30

added 25 parts by weight of epoxy resin DEN 438 pre-heated to 60"C 1o lower its viscosity.
The resins were mixed and 40 parts by weight of trimethylolpropane tris (b-
mercaptopropionate) and 125 parts by weight of pentaerythritol tetrakis (b-
mercaptopropionale) added and mixed. The mixture was allowed to cool to ambient
temperature before addition of the specified amount of barbituric acid. No barbituric acid was
added to one of these compositions which was used as a control. The barbituric acid was
prepared by passing it through 2 triple roll mill as a 10% dispersion in epoxy resin EP 828.
This step reduced the particle size of the barbituric acid. Six compaositions 1(a) to 3(b), divided
in three pairs, each pair with roll milled acid dispersions with different mean particle sizes |
(5.54,6.97 and 7.84 micron) were added at either the 0.9 or 1.8 parts by weight level. The
latent hardener was then added at a level of 62.3 parts and blended into the mixture. The

expression parts by weight relates to parts by weight of the total composition.

Results:

Table 84 lists the results of the compositions tested. Each of the compositions showed
excellent storage stability as evidenced by the pot life results. The stability is achieved with
relatively small amounts of the acid. The results compare favourably to those achieved with
the addition of fumaric acid (Table 7). Lesser amounts of barbituric acid of a smaller particle
size were observed to give similar results to larger amounts of barbituric acid of larger particle
size. All compositions of the invention showed much improveci pot lives as compared to the

control composition. The results are not adversely affected by the use of two polythiols and



Tables 7a and 7b refer to a control conposition, conposition 6 and

conposi t i ORgHB6A34sh0 15 6(d) of the invention. W prepare t est ed

t hese conpos?t?ons as descri bed bel ow 57  The control cgﬁﬁgngmwﬂlmas
prepared as dggelk Je! | & .5 above. Conposition 6 is a.

conposi tion pr epargﬁg'agaag)s(ﬁ;gl) egém?eﬁ" éfﬁﬂ’%}y AWERPLe Y camRased torthe Fentendi d
added). The f emmpbsitiani d added was as supplied (by Aldrich Chem cal Co.)
i.e. 20 unground. An analysis of the particle size of the fumaric acid

as supplied showed t hat the solid has a broad range of particle sizes
ranging fromO0.4 to 400 mcrons in size. The mean particle size was
determ ned as 108.9 m crons. The conpositions 6(a) to 6(d) were

prepared as for exanple 6, (Each conposition 6(a) 25 to 6(d)) contains
fumari c acid which was ground and passed through a series of sieves

54 to obtain ground fumaric acid having a particle size of 53-75

m crons. The ground fumaric acid was used in conpositions 6(a) to 6(d)
inclusively in anounts of 1, 2, 8 and 20 parts by wei ght of the
conposition. The gel tines and shear strengths were determ ned as
descri bed above. It can be seen from Table 7 that very | ow
concentrations of finely ground fumaric acid (conmpositions 6(a), 6(b)
and 6(c) in particular) can achi eve conparabl e gel-tinmes, shear

strengths and stability to these conposition containing higher |evels of

ungr ound fumaric acid (conmposition 6). Conposition 6(d) in particular
illustrates that in order to 10 obtain the best conbination of gel-tineg,
stability and bond strengths the particle size shoul d be consi dered.

Acids showing a | esser stabilising effect may have their effect
i nproved without altering the quantity of the solid acid used by reducing
the particle



size of the solid organic acid by grinding or otherw se. 55 [err]

56 Tabl es 8a and 8(b) illustrate how controlling the particle size
of bar bit ur W® RE6eB4af f ects bot h stability (pot life) andPQCRIES0MS]
Preparation of conpositions: W prepared and tested these
conpositions as described bel ow. 5gThe conpositions in Table 8a were

prepared by m xi ng together 100 parts by wei ght each of 10 epoxy resins
El' 828 and EPON 862 and heating the mixture to 60[err]C. To this m xture
was added 25 parts by wei ght of epoxy resin DEN 438 pre-heated to
60[err]C to lower its viscosity. The resins were m xed and 40 parts
by wei ght of trinethyl ol propane tris (b- nmer capt opr opi onate) and 125
parts by weight of pentaerythritol tetrakis (b- mer capt opr opi onat e)
added and m xed. The m xture was allowed to cool to anbient 15
tenperature before addition of the specified amount of barbituric acid. No
barhituric acid was added to one of these conpositions which was used
as a control. The barbituric acid was prepared by passing it through a
triple roll mll as a 10% di spersion in epoxy resin EP 828.
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This step reduced the particle size of the barbituric acid. Six

conposi ti omgo daymsst o 3(b), divided in three pairs, eacPCT/HE9%/00d01 h

roll mlled acid dispersions with di ffefent mean particle sizes 20 (5. 54,
6.97 and 7.84 micron) were added at either the 0.9 or 1.8 parts by wei ght

| evel . The | at ent hardener was then added at a |level of 62.3 parts
and bl ended into the m xture. The expression parts by weight rel ates
to parts by weilbles®k ahd6b tarthzk ilipRSoW @htrolling the parRelsuldesit badbiwridakiye 8a
lists the results of the conpositions tested. Each of the conpositions
showed  clfectsbotheyiahility @eldHakpndgehbmei ty as evi denced by the pot life

results. The stability is achieved with relatively small anpbunts of
the acid. The results conpare favourably to those achieved with t he
addi ti on OfgepdddBin G (REESndokatdng: 7). Lesser anounts of barbituric acid of a
smal l er particle size were observed to give simlar results to

| arger anmounts of barbituric acid of larger particle 30 size. Al
conpositiqns of the invention showed nmuch, impr qg ot lives as conpared to
t he %ésfé’ﬁ‘tpl“&{& “(98r'r‘p” i‘k“'r"brﬁ'.“mfﬁé‘“f’%ﬁl ‘{"égg?g\"h ’L“Padve_rsel y affected by
< OSHEONS 2() 3 = cre prepa as imeXa C X orownd artyit ac !

the use of iR RARINKGEY)ALE 287% B & as i QLEHIEPOXNpl GtrBSnd G UER! actd WES
are al so very favourable as corrpgr to the control conposition.
58 10 replaced with a sample of barbituric acid as a 10%: dispersion in epoxy resin EP 828 to reduce

the particle size of the acid (as described above). The acid was determined 1o have a mean

particle size of 5.54 micron with greater than 95% contidence limits that all particles are less

than 13.4 micron.

15 Compositions 3(a) and 3(h) were also prepared as in Example 7 except for the use of ground
acid with a mean particle size of 14.0 micron with greater than 95% confidence limits that all

particles are less than 34.9 micron.

The control composition of Example 5 and the composition of Example 7 are included
20 in Tables 9a and 9b for comparative purposes. The mean particle size of the unground acid was

determined to be 45pum with a broad particle distribution of up to 200pm.

Results:

2
1

Table 9a shows that by controlling the particlc'sizc of the acid used as a stabiliser,

!

relatively fast gel times can be obtained without compromising the pot life of the system. All
compositions show significant improvement over the control composition. The barbituric acid
with the reduced particle size in substantially lesser quantities achieves a very significant

stabilising effect as compared to the larger particle size.

30



[err] Tabl es 9a and 9b further
controlling the particle size of barbituric acid ef fects both
stability (P93 and gel tine. 60 Preparation of the RoHF820%ns:
We prepared and tested these conpositions as described bel ow

Conmpositions 2(a) and 2(h) were prepared as in exanple 7 except unground
bar bi turi cTaBLElvavas 10 replaced with a sanple of barbituric acid as a 10%
di spersion in epoxy resin EP 828 to reduce the particle size of the

illustrate how

acid (as ¢ . as—det-erni-ned—t-o-h
particle $ize .of 5.54 micron withgpPesiioaNeRmeusto, confidence linits th'at
all partig¢lesare less than 13 4 m cron
Component | Component | Control | Example 2(a) 2(h) 3(a) 3(h)
Type Identity Ex.5 7
Epoxy Resin EP 828 100 100 100 100 100 100
Palythiol TMPT 75 75 75 75 75 75
Solid Organic Barbituric - 12 0.25 (.50 02 04
Acid Acid
Mecan Particle Size mm - 45 554 140
Latent AJICURE 25 25 25 25 as 25
Hardener PN-23
5
TABLE Yb
Coamposition No.
Property Control Ex7 2(a) 2(b) 3(a) 3(b)
Gel Time @ 85'C (Scconds) 12 150 47 75-80 10-12 12-16
Pot Life @@ RT 3-16 > 30 days | 140 days | 140 days | 90days | 100 days
hours
Pot Life @ 40°C <16 | >12days | 15days 30-34 30 31
hours days
10

IV. Experimental data relating to compositions containing both a polythiol and a

thixotropy-confer_ring component

Tables 104 and 10b demonstrate further the effect of particle size on the pot life of two
15 compositions and the shear strength of bonds formed using these compositions. Table 10c¢

gives the rheological properties of the compositions. The data is plotted on Figures 4A and 4B.
Preparation:

20 We prepared and tested these compositions as described below:
Composition 1 (Table 10a/b) was prepared by mixing 100 parts epoxy resin EP 828 and 75
parts trimethylolpropane tris(b-mercaptopropionate). This was followed by addition and

dispersion of (.50 parts by weight of barbituric acid. 15.6 parts by weight of the thixotropy-



15 Compositions 3(a) and 3(b) were also prepared as in Exanple 7 except

for the useygfoogkynd acid with a nean particle size @E’rﬁ%%uﬁ%fron
with greater tﬁan 5% confidence limtelthat all particles are | ess
than 34.9 mcron. The control conposition of Exanple 5 and

t he conpo$PpieBingmpeReH AEROSH 202 wergdlap wrided tq the rampasition; EippllyR$ rfasts by
conparati i(;mropg%g EntEP?dc%ﬁHer@%g&éfl e size of the unground acid was
be mwth a
25

det erm ned 1 err road particle distribution of up to
200[err]m Resul ts: Tabl e 9a shows that by
controlling the particle size of the acid used as_a_stabiliser,

rel ati vel yompsitiga|2 wasrsepasghbp@ixing A0hpatseipop trsicBR B2 mdPhg petke pot life

of the_syste onposi tions Shf“ﬁ‘}ﬁ:i lgrrrllip::}\ﬁiafant1}.]lié\rrpr.overrent over the

Ll e s ; ! nt
cont 1ot eofipBty Fiesmpens g GPBrRIT SR ReRe T ¢ phbe RiEe R bar ti cl e
si ze in sybsdABIENEE bYfokEARRTonBIBOIIE 188 hGHUi @M DF cPoMBTvoRikGBliA DENT
stabilising effect as conpared to the larger particle size. 30
TABLE 9a 438 which had previously been pre-warmed to 60°C to lov@gritsosictsion Qo cholingunt

g?g?onent o 931 h L‘%ngg}pera%)rg:[({.&ﬁm%?n&rpvbcelghl ofbarbituric acia (v&% blended ?"%Bg&y Resi?)l(’la)
EP 828 mixture foHfd0ed by 2().57311995 by wcighjrgplhc lhix()lrg'lg)}QCt)nl'crring;ngponcnl 100
10 AEROQOSIL 202. Finally 33.26 parts by weight of the latent hardener were added to the
composition. The barbituric acid used in each case had a mean particle size of 14.0um

with 95% confidence that all of the acid had a particle size less than 34.9um.
Shear strength was measured by the method described above.

Results:

Compositions 1 and 2 both demonstrate very good stability and both form bonds having
good shear strengths. The Yield Point and viscosity of the two compositions remain at

20 desirable levels throughout the duration of the tests.

- The values given in Table 10c are plotted in Figures 4A and 4B. A control composition
without barbituric acid added was prepared. Comparative data with the control

composition is not given as the control had a viscosity which rendered it unusable after

tJ
W

16 hours and was not therefore useful for inclusion in Tables 10a-c or Figures 4A or

4B.



Pol yt hi ol TMPT 75 75 75 75 75

75 Solid Organic Barbiluric - 12 0. 25 0. 50
0.2  O¥@ 99/36484 Aci d Agid Mean PaPET@AER/0800e mm
45 © 5.54 14. % Lat ent AJl CURE
25 25 25 25 Har dener PN- 23
TABLE 9b Conposi tion No.
Property Cont r ol Ex 7 TABLE103, 2(b) 3(a)

Cal Tionn @A QL Ar 1 0 (Cacanda) 1.0 El il A7
65 [loe o oigen ~ Compositiqy No{Amounf, o 316 330
days 14 ()(é‘y‘ipo“cmdﬁpﬁayqC"mﬂ"'ﬁﬁ&@c"ﬁtﬁ'ﬂ ) _days 1 2
hour s EpoxyRepisr | ilre @ ARRBr]C 10015 3 12 daJ@ 15 dhys
30- 34 Byyxy Novolak 301 DEN 438 ~ - 3028, 11 <
days Latent Hardoger Pyino AEUREPNA3 alrelat i3 to co posit i e caontal ni ng
both a pd Thikotenge 3 AEROSIL 202 156 2057
t hi xot r ofy- conf¥thitlng copponepfMPT Tables 20a and |10b dedbhstrate
further tlneSolif PesupicAfidpay 1 i BarhitarjeAsidyy §ho potOP fe of ltwn 18635

conpositions and the shear strength of bonds forned using these

conpositions. Table 10c gi ves the rheol ogical properties of the
conpositions. The data is plotted on Figures 4A and 4B.

Preparati on: 20 W prepared and %shed t hese conpositions as

descri bed bel ow. Conposition %ﬁ%‘d b e 10a/b) was prepared by m xing
100 part | ' ,

tris(b-mgrcaptopraopi onate) This wiempadition Nt by addition and
di spersidn_of 0. R aposty | ght of b’rbituri‘: acid {15_6 par?j_s by wei ght
of the tHi xotropGel Time @ 85°C (Scconds) 12-14 13-15
Pot Life ¢z RT (Days) B > 156 > 100
Pot Life @ 40"C (Days) 28 21
Shear Strength N/mm* 28.59 293
10
TABLE 10c
Composition No.2 -
Time (Days) @ RT Yicld Point (Pa) ] Viscosity (Pa s)
Initial 431 3.802
12 3512 4759
17 378.5 4.784
21 330.9 4.896
30 3428 428
87 3604 57




61 .conferring conponent AERCSIL 202 were then added to the
conposition, Finally 25 parts by wei ght of the | atent re
added. woggegﬁ%osition 2 was prepared b§? mi xi ng 100 partﬁﬂ%&?’b?dggi n EP
828 and 94.5 parts 5 trimet hyl ol propane tris(h-nercaptopropi onate). The
tenperature of the m xture was raised to 60[err] C before addition of
30.26 parts by WiRHEOQEOGICAL STABIBEKIYesi n DEN 438 whi ch had

previ ously been pre-warnmed to 60[err]C to |lower its viscosity. On cooling
to anbient tenperature, 0.635 parts by weight of barbituric acid was

bl ended into-the Ty sy & pBky AURCIpoRion GiRRAIR shMuchg:mlal‘Q% the

t hi xot ropy-conferring conporient 100 AEROSI'L 202. Finally 33.26 parts by

wei ght of & he | atdgntcdharadenprovidertbe deldied dboprofik. In additconthe amounindispEhs:d
barbituric acid used in each case had a nean particle size of 14.0[err]m
with 95% conf i deterldiabiyberdjusid acperding tg thiadcAropif grepanes) dralgngusamalery.
34.9[err]m <ok AEAL, STLen , heasur / od, descr i bed,
above. 15 %’e"glj'lﬁﬂ’s‘\‘&m'n§h drbl(g{%ot‘qn%%sq@?'\ﬁgﬁgp d%ﬁ)ﬁgﬁgg?%htlcfghﬁﬂ‘z?{%{’?'é“’very
good stability angchotford @ HRANEGRAAE BPthe end-us@i0sths B@Rposiisengt hs. The
Yield Point and viscosity of the two conpositions remain at 20 desirable

| evel s throughout the duration of the tests. The values given in

Tabl e 10c are plotted in.Fi g@r es 4ﬁ.._and 4B. A cont r_ol.lc_o.nggsitl.on e

wi thout bAlbituric 8P B RelPPHFEISRBUCOPRREAIEET i 4TI R PP RS @
control COfR r'u&%z-(}nnt'cﬁimtu oMER RSy BRIVGREEL Rk oS iR GARLLY Whi ch
rendered it unusabl e ter 25° 16 hours "and was hot thefefore useful for

i ncl usi on i n TabdiesndioazienmeiFvbetr @splépedwith the sterdB.provided by European Patent
No 770 006, the disclosure of which is hereby expressly incorporated herein by
reference. In this way, not only are two-dimensional deposits produced in

15 accordance with the location and density of holes in the stencil, but also their
heights may vary over the patiern area. This is panticularly attractive when
mounting electronic components because often times the components have different
stand-off heights and the electrodes may be separated from one another by difierent
distances.

20

The importance of the shape of the adhesive dot can be seen with reference to
FIGs. 1 and 2. In a typical commercial application of such an epoxy-based adhesive
composition to surface mount the chip onto the pcb, the dot should be high enough
off the substrate or chip surface 1o contact the to-be-surface-mounted chip, but not

25 so high that it would fall over to forming a tail which may block the solder lands.

The shape of the dot may be adjusted by the addition of suitable structure-
building agents, such as the thixotropy-conferring components discussed herein. An
epoxy composition that may be dispensed over the entire period of its shelf life to

30 give reliable and reproducible dot shapes is achieved i)y employing a composition

that maintains its yield point over time.
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Conposi ti
1 :
100

30. 26

33. 26

20. 57
94.5

0. 635

Conposi tion No.

1

12-14

> 156

28

28.59
TABLE 10c

S)
3. 802
4.759
4.784
4. 896
4.28
5.7

TABLE 10a
on No/ Anpbunt Conponent Type Conponent ldentity
WO 99/36484 2 Epoxy Rgilion EPCE2E9/00001
100 Epoxy vol ak DEN 438
Lat ent FddaadARe most commdidi AR poxy-based compositionshould
Thi xot r ope AERCSI L 202 15.6
be Roteytabepdiing to manufacturer's Téddmmendations at or below 5°C andfised
Sol i \Caivil maglb ?no'?{t Isqnf manutl?z)x%{u?é.t ertkg c"/AECr{t ﬂnal suchsierage 1%(?\4?:9

cunditionsgave not been met, dis;v?@%ﬂ%;?%%:m@rgasy[ lécr ¢ c&u?lgreﬁg (;arllig\s)

5 conventionhBadhe&ves whose rheological profiéatieslrnd yehd@:Rhagdddys b result
i > 100 . Pot Life @40[err] C (Days)

of not copplying with those recommendpions. desrepladinpemysd dot of

adhesive may lund]m spread in shape and therefore n()t‘g]ﬁﬁtolgi. tdlublrﬁ.d'\%)l pﬁlillu

Time (Days) @ RTgpecified for the partictfuBtdnieicil apfladation. Z%(fl.h an adhesivy/tRedsicthas ( Pa

Initial
not maintaine@ s vield point over time. The compositi®gg oPthis invention are less

17 . . .. .378.5 . .
10 prone to suffeg from yicld point decreases or viscosily iBgfgasgs in the likely event
that the end ud? rails to employ the compositions in acafdafte with the
87 360. 4
manufacturer's recommended storage and use conditions.
As the dot shape loses its height (which was chosen to bond the chip, ata
particular stand-off height), it broadens its base to block the solder lands. Solder
15 land blockage by the adhesive would cause electrical discontinuation in the so-
formed surface mount device, thereby creating a failure and, as importantly,

interruption in the fabrication cycle.

VI. PREPARATION OF EPOXY-BASED COMPOSITIONS

20 We prepared compositions in accordance with the second aspect of this
invention, and we also prepared known epoxy resin compositions to compare their
-observed rheological properties, such as yield point and viscosity over time. Most
of the reported information is taken from room temperature observations, although
some of the information is taken from accelerated ageing conditions (at a

25 temperature of about 40°C) to provide guidance as to how an adhesive composition
may fare in the marketplace,

More specifically, we prepared epoxy resin compositions with the following

components in the indicated amounts below in Table 11.

30



V. RHEOLOG CAL STABI LITY The rheol ogry of epoxy resin

conposi tion di spensed shoul d be suitably 5 adj ust ed OVIde
t he desireWO36#fofile. In addition, the &frount di spensed %%95800%
al so be adjusted according to the el ectroni c conponent design paranet ers.

Such adjustnments are left to those person’-ErJdF—lérdi nary skill in the art,
and of course degpetrret o —spect i e end- user
of the conposition. 10 Comp I"%hg chip bon "E omm'}qé?t |1(;|r11r t he
conpositions of the invention conprising a ropyl conferring

conponent may be advantagdeously deposited |n alpill_ee 102 "di nensi onal
manner when enpl oyed with the sEpoxy | provj ded IBY Eur ppeakdlPat gnt
No 770 006, the disclosure QU[@UR@[JNS“her cby express|y | la,sorporat ed herein

by reference. | rwﬁw,o(ﬁor ONTy a8 TWof di rrgga deposits
produced in 15 acccﬁmmrl e atton—andidensyty holes in
the stencil, but also theiy—darrurnca ..m-gm—s-—n:ay—-v-ar pattern

area. This is particularly attractive when nounting el ectronic

conponent s because often nem Ve
stand-of f hei ghts ag@‘ s?luméﬁmﬁ‘[um 6& erB Ar d"’iggg‘r“ attg‘d"q(&gemm é’“%mblthher by

di fferent thixotrofy-bACE RS w%@mnum and the solid organld&:id ReMHeaNcevakelt he
shape of the adhesive dot can “be seen with reference to FIGs. 1

and 2. In3a typlwa!lur awhivet cmpkrappp tersiiidreiond peisholdimeposbpub2 sedrsadhesi ve
conposition to rface e .chip onto the pcb, the dot shoul.d be hig
enough P o et Paiihes RoRRPRERS (o BRGP: A TRHOHLE ARG © Thd

t o- be-surface- ted ) o L@t TTeTE1N

over to form ngDMﬁn‘? vl 1911 W&Vnﬁ[ grgé %iurén gud I@Lﬁ Hpos? sh@xn}’)lrcpmﬂc fif @hds
The shape of themdmt-demaytﬂaeoaﬁpuabxad Mixifdh s adlddied m@m:ﬂfnus,wridabineerﬁnmmture-

vacuum, under the ambient temperature conditions {or a period of time of about 3

10 hours.

We measured initially for Composition Nos. 101 and 102 flow curves using a

Haake cone and plate viscometer (Model No. Haake PK 100, Karlsruhe, Germany),
together with curve-fitting software (Rotovisco RV20), ver. ROT 2.4.3.) provided

15 with the viscometer, to determine the yield point and viscosity of the compositions.
The shear stress on the compositions is measured as a function of shear rate and the
data is fitted to the Casson mathematical mode using the curve-fitting software from
which the yield point and viscosity are determined. The Haake PK 100 system is set
up using the above head and cong, the composition is loaded and excess material is

20 removed. The composition is allowed ta equilibrate to the test temperature of 25
deg. C for 5 minutes and then the composition is reconditioned by running a
stress/time ramp for 5 minutes at 0.5 S, Immediately following the conditioning
period a stress/shear rate flow curve from 0.3 s to 40 5™ is run for 6 minutes,
collecting 40 data points. The data is then stored. A plot of shear stress (Pa) versus

25 shear rate () on the log scale is made before carrying out a regression using the
Casson model over the range 0.4 to 30.0 5. The regression range should be limited

to the region before the onset of shear fracture (if present). This analysis will give



bui | di ng agents, such as the thixotropy-conferring conponents di scussed

herein. An epoxy conposition that nay be di spensed over the
entire periggoghedshs shelf life to 30 give reliabl e ardrnemramdaci bl e
dot shapes is achieved by enploying a corrpéél tion t hat mai ntains

its yield point guer,dddReld value (Pd) and the Casson mflmt'égf:edr%stcﬁﬁgﬁ(hm)shc

commerci al | y-avai | abl e epoxy-based conpositions shoul be stored
accordi ng to nanuvdmdatirmemeasnedehndddde 0i9%8ns gr¢atar bel ow 5[err] C and used
within 6-9 nonths of manufacture. In the event that such storage and usage
condi tions have not been net, dispensing problens may be encountered with
conventional adhesi vga whoRR. .w%%%mah 5 ORATUAD2 T ARiFmElBRAH S 2
resul t of not conp yi n th't se reconmendat i"ons. As suc F1

di spensed dot of curves. Yield p«adhaemualyrmyshieem (bdrgpateadilicringhBperiag ik
therefore not neet the desired dot profile speciljied for the
particul ar conmeiBpaItanyBpihe PEPREHON ShblHP%fH‘da'tE*ré@Wé“t RelBtiyi gaiggany
Oy DL al ned, | banddyR P8l Al RY Hontd RBra B EAPRSLMLO I bodllifhy of
invention are le e to sufter trom t detreases or
viscosity increas@sking lh&lﬁlsbdrkﬁ‘ﬂn)b 1RV twith for instancé bauanhes eAdridsewcftadd s to
enpl oy the corrp03|t|ons in accordance with the manuf acturers
recommended st or dtyecdathd coRpodbwTEi o Fows lmebf‘“Ufb and measurehgheiHEvg sErvehape

I ts height t
par 01 cul arttst ana RO RBERAR “er & pisbudies vt pEL ey Bisinigrmatin i
| ands. Sol der 15 p.corddadinthwioeiages by the adhesive woul d cause el ectri cal

di scontinuation in the so- formed surface nount device. thereby
creating a failure and, as inportantly, interruption in the
fabrication cycle. VI . PREPA I OF EPOXY- BASED COVPOSI Tl ONS
20 W\ prepared conposi tions i dance with the second
aspect of this TV et T o, —ard— e O RTTOWITEpUX esin
coPrposi tions to cp r obisaae:(??\%/{gg ﬁgmogl cal prgpeSrIt iles,
such as yield poif éﬁ8® éoélty over time. Mst
101 102
Yield Visc. (Paes) Yield Visc. (Paes)
Point (Pa) Point (Pa)
Mix Initial 446.3 3512 889.2 3.943
Filtration 418.5 3.626 737.8 4.646
7 3129 4.260 664.2 6.666
14 269.3 5313 7525 6.911
21 207.7 6.531 785.4 5.137
28 253.0 5.976 817.8 5.080
35 225.3 6.490 889.8 4.826
42 12220 7.343 839.9 4.492
49 224.0 6.511 852.0 5.659
70 2519 7.119 843.7 5.938
84 233.7 6.795 757.8 8.031
98 202.6 8.832 883.6 4.757
126 202.5 11.460 908.9 5.888
15 However, because Composition Nos. 101 and 102 exhibited different yield

point initial values (446.3 and 889.2 Pa, respectively), we prepared Composition
Nos. 103, 104 and 105 for further comparative purposes, with Composition No. 105

containing a higher level of the silica component i.e. 28.5 parts.



of the reported information is taken fromroomtenperature observations,

although sonme of the information is taken from ac

agei ng condf® ?%%6548"( at a 25 t enper at ur@ of about 40[err] g)e*{i%@g)?gh\}l de

gui dance as to how an adhesive conpositio le 13 may fare in the

mar ket pl ace. More specifi = we prepared epoxy resin

conpositions with the 0| | eTely Td{ cat ed

anounts bel ow in Tabl e %Qg onent & ﬁg&“s::;'%mﬁnt

Table 11 Corpopent Conposi tion

No. / : 103 104 195vmfint (Parts)

101 102 Epoxy 131 18hoxy 131

131 131 AJICURE PN-23 45 ANl @IRE PN- 23

‘212 45 AERQSIL 202 25 ARROHISL P72 555 35
J Ut g del U

These conpositions wer é—p P ?ﬁ%@? ée;&j#ﬁx' rg—the U},G,\iLﬁmT“nmnf t he

t hi xotropy-conferring conponent and the SO|Id organic acid together in a
vessel un t FRRLARLL %{j 5 IR time
of about 2 hours. dé(l;mg‘m g‘?ﬂgrgaf \% 'ﬁe‘ﬁﬁn ent“? 'zlrL g%‘é@’“@%&p@ﬂgﬁl . was
added. A vacuum {igldiaRithil Q55 G Itdhe'huh is u\mp.\mlﬂ’t Xi th@ MESISRM iattiaBPpropri ate
times during sanpl e conposi tion ‘&eepar ation in order to de-aerate
t he conpost ti onsConpgrsifign No. Hp4. oWe dhandiliwonk thn gemperidens. mepsired thesdtow
vacuum under the, anbi ent, LeTReratur s S0adlbi0apl oLt B bRl hLi R
curves at weekly intervals over a period of time of about 70 days. These results are

presented below in Table 14, and may be more fully appreciated with reference to

FIG. 5.
10 Table 14
Composition No.
Time(Days) @
25°C
103 104 105

Yield Visc. Yield Visc. Yield Visc.
Point (Paes) Point (Paes) Point (Paes)

(Pa) (Pa) (Pa)
Mix Initial 279.1 6.438 711.6 4.960 855.5 2.925
Filtration 271.1 7.178 708.3 4.678 467.9 5.667
11 328.1 7.496 768.1 4987 498.1 4.676
20 356.0 6.461 812.7 5371 462.3 5.235
42 266.4 8.804 805.9 5.969 4539 5.984
70 158.1 12.44 754.6 7.498 256.7 11.09

The yield points for Composition Nos. 103 and 105 (each of which are free of
the solid organic acid component) show a marked decline at room temperature over
time. (See FIG. 5.) Composition No. 104 (with the solid organic acid component),

15 on the other hand, shows a yield point that is maintained at substantially the same
level over time. (See FIG. 5.) Composition No. 105 shows the decrease in yield

point more clearly than Composition No. 103, as the yield point of Composition No.



We nmeasured initially for Conposition Nos. 101 and 102 flow curves using a
Haake cone and plate visconeter (Mdel No. Haake PK 100, Karl sruhe,

Ger many), WO99/36484 together with curve-figgti ng software (RACHEESYHORN/20,
ver. ROT 2.4.3.) provided 15 with the visconeter, to determ ne the
yi el d poi nt and 105 swesstehlisbéd inktallyatp deviet ¢comparable to that of Cordfiprsitiinelie. KMr ess

on the conpositions is neasured as.a function.of shear.rate and the

data s 1itted 08 s Releaiaelaich 1ddst ang Hurormcrpiaing FOEReeRL ng
software from For certalfHiSh sl @ d;sb@.{s%gfﬂipmalamd, HigteAdéd Mh&difes should
determ ned. The Haake PK 100 systemis se up using the above

head and cone, thhe: ¢pieplomiittivathin thel reagtadf famd abos d§8-458 tPar(selbelow Table 15,

renoved. The conpositjion.is gllo 0 equilibrate to the test tenperature
of 25 2 r&(ﬁ‘%ﬂj‘:““@“ﬁ\kﬂ" glﬁrﬂ“\r{ﬁg@i and then the composition is

recondi tioned by r u%il)lr?lavﬁplqgcz{lhm in min@®WBSAG AR (ﬁ)ﬂ'lmsifligﬁs @ﬁ@gﬁé’@?&l @hh0- °

S[err]. Imediately 0 e conditioning pe

stress/ shear rateif &@npaRuit Carddraamoudts3 asd eieir]rhéddoAlal preperticsi givantbieldvain 6

m nut es, collecting 40 data points. The data is then stored. A
pl ot of shear stlables 1fpad 1¢.apsgstivedy. - shear rate (s[err]) on the |log
scale is made before carrying out a regression using the Casson
nmodel over the range 0.4 to 30.0 s[err]. The regression range shoul d be
limted ;g to the region before theipaget of shear fracture (if
present). This anal ysi 11l give the Casson vield value
(Pa) and the Casion i nfiniteCetmpanemi scosity (Pg. s)Coifipesition No./
correlation nmeasyred should be 0.98 or greater. Amount (Parts) V& t jen

filtered Conposi fT0M NOFy  JUI and 104, sai@u0a

curves. Yield pOi ft—ot-d rat+1y—+S—o0 G0 G'Tup et teti-nts
Filtering is Ay a-nt—-i—u-iweﬁ‘z—mtiog Z&Qﬁchi bon QQ*
adhesi ves, or foi_that natter any DEN 438 adhdsi ve-t o_bel di 2hétsed |from a

Meaer ©d 1T oW g7
di

narrow gauge tip,| because of the pPoSARBIURAELHf 50 50
Latent hardener AJICURE PN-23 42.36 42.36
Thixotrope AEROSIL 202 19.26 19.26

Solid organic acid Barbituric acid 1 1
Pigment STANTONE 4.32 4.32

28EPX01 Red

Table 16
Composition No.
Time (Days)
@25"'C
106 107
Yield Visc. (Pass) Yield Visc.
Point (Pa) Point (Pa) (Pass)
Mix Initial 3408 1.097 390.1 3.18

Filtration 3437 - 1076 367.2 3.006

14 339.2 1.108 -- --
21 -- - 3239 3.355

26 370.9 0.969 ' -- -~
28 -- -- 345.1 3.093
32 3623 09441 339.2 3.029

51 370.2 1.017 -- --




bl ocki ng the di spensi ng pathway with for instance del eterious materi aI e

t he tored the conpositions at roomtenperature a?,

the| r flow‘gﬂlge/é@sét 10 weekly intervabg over a period of i rre o about
18 weeks. This information is recorded below in Table 12.

Table 12 Conposi tion No.
;II.-IOTE (Days) " In Table 17%&%5 Lt%ﬁtlsgions are shown, one of which cunlain§{|a.~'é r a'ulid
Visc. (Paferr]s)organiYuéii@ompontins CumarRedctd (Cemposition No. 108) and the other

Poi nt (Pa) . . Poi nt (Pa) . _Mx Initial 446. 3
3.512 889 Cpmposilion Nog 1§9)zcontains no such solid prgapicacidymd is preggrgedsfor

2' 26238 3 72;21%?:|rznlivc pu?'pu@:gsﬁlgé;gow the tack of yicld pninl7mai£lzfnance. over l:%r;lﬁgzg%c_cg
5.313 7518w Table 13g6. 911 21 207. 7

6. 531 785. 4 . 137 28 253.0
5.976 817.8 5.080 35 225. 3

6. 490 889. 8 4.826 Table 17 42 222.0
7.343 839.9 4. 492 Aable 17 49 224.0
6.511 852.0 ~659 T o —251. 9
7.119 843, 7 _gkgmponent 7 p“‘:"’" ’jﬁ $33. 7
6. 795 757. 8 8. 031 ggAmount (Partsh o} "g
8.832 883. 6 4757 126 202.5
11. 460 908. 9 Types gag| qgledividual 108 110109 <4
Conposition Nos. 103 and Ep®x¥exhi bijt ed &PONeb&ht vyijel d100 100 pei nt

initial values (446.]3 and 889.2 Pa, r€#ARDURYEY), Mwe p@moepareds@onposition
Nos. 103, 104 and 105 enf Bk dSAEF  JONAIT@UREPNYS POS€%12.30 1T, G@@gogi tion

No. 105 corjt=an l,llkhf*hﬁ)ﬂl ghet KE&OS‘IL 2‘()26 S |T1(9926LU| PORETTt I.e.
28.5 parts.
Solid organic Fumaric acid 1 --
acid
Pigment STANTONE 432 4.32
28EPX01 Red
10 Table 18
Time (Days) Composition No.
@25'C
108 109
Yield Viscosity Yield Viscosity
Point (Paes) Point (Pass)
(Pa) : (Pa)
Mix Initial 482.5 0.8948 355.7 0.464
Filtration 4299 1.12 355.4 0.674
1 -- -- 300.6 0.453
3 491.3 0.956 -- -~
4 500.7 1.083 -- S -
5 467.2 0.930 229.9 0.465
6 454.2 0.828 210.2 . 0462
7 -- - 162.5 0.524

VII. Physica) Propertiés
A._Accelerated Ageing Data




Table 13 Conmponent Conposi tion No./Anmount

(Parts) 104 105 Epoxy
131 . 985936484 131 20 AJI CURE PN-23 PCTAESS/000045
45 45 AEROSI L %02 25 25
28.5

- Bar bi |oGieiRk N , 0°C 16 -
Conposition No. 105 ‘Y‘h%‘x’x’%"h‘g’ §§ (%)n é’%‘(‘:@gh\g‘l Il??:gtalg\[}lglefmé%#gtl)?ué aCnu} nitial

yi el d point of &hfrRndife affddtohan crasmeadperature bhattigs T feadisiand tial |y

by 5 Conposition No. 104. We then filtered the conpositions, neasured
their flow presentedmgloay inghhlest®red the conpositions at room
tenperature. We neasured their flow curves at weekly intervals

over a period of tine of about 70 days. These results are
presented pelow in Table 14, and may he mnpslgdefigl |y appreciated with
reference to FIG 5. 10

Tabl e 14 Composition No.  Conposi ti on No.
Ti me(Days) @ Time (Days) 103 104
105 @ 40°¢ el d Vi sc. Yield Vi slc. Yield
Vi sc. —Por it (PaleT §&) PoTTIt (Paferr]s)
Poi nt (Pass) —Pay - (Pa)
( Pa) M x Iniltial 279.1  Welyg | 7Yiscg(Passy o0 ~ 855.5
2.925 Filtrdtion 271.1 Point (Pag 708. 3 4. 678 467.9
5.667 11 Mix InitiaB28] 1  341.8496 769.97 4.p87 498. 1
4.676 2 Filtraiion 356. 0 34307, 461 81076  5p71 462. 3
g o
1.]- 09 6 o J . e 39?:‘8L- e 3 [ ?91\7 [ .
10 344 0.970
18 370 1.042

From the results presented in this table, it is seen that compositions in
accordance with this invention perform well over time, even at elevated temperature
10 conditions, such as may be experienced when the end user does not follow the

manufacturer's recommended use and storage conditions.

B. Shear Strength
The adhesive composition (Composition No. 106) was dispensed onto lap
15 shears which are constructed of grit-blasted mild steel and cured at a temperature of
about 150°C for a period of time of about 30 minutes. The lap shears with the cured
adhesive between an overlapping portion thereof was then maintained at room
temperature for a period of time of about 24 hours.
The adhesive bond strength is delermined by stressing a single adhesive
20 overlap joint with the application of a tensile force parallel to the bond area and to
the major axis of the lap shears according to the procedure detailed in
internationally-recognized text method ASTM D1002. Five test specimens were
evaluated for Composition No. 106 and the results obtained as a mean of the five

observations show an adhesive shear strength of 24.89 N/mm’.



The yield points for Conposition Nos. 103 and 105 (each of which are free
of olid organic acid conponent) show a marke é¥ﬂ%§ t
room terr’pe‘r”ﬁ%%“%ver tinme. (Se¢lFIG 5.) Conposi '?ll)on b’.%bi)g4
(with the solid orgapic.acid.co nent 15 .. on the other hand, shows
&V el d por nt ¢ hat RO SlandinelE RSl dsehretion e hyeaospliven anbve, the e o
over tine. (See sfir@anés&&%msménqanMneélsﬁédaﬂqn@ctams.decr ease in yield

poi nt nore clearly than nposition No. 103, as the yield point of

Conposi tion No. 68

105 was established initially at a | evel conparable to that of Conposition
No. 104 by virtue of the additional silica added as a

t hi xotropy-conferring conponent. For certain high speed

di spensi ng applications, chiphonder adhesives should have a yield
point within the range of from about 150-450 Pa (see bel ow Tabl e 15,
Conposition Nos. 106 and 107). Wth that application in mnd,
two additional conpositions were prepared with t heir conponents

(and anmounts) and their rheol ogical propertiess given belowin
Tabl es 15 and 16, respectively. 10

Tabl e 15 Conponent

Conposi tion No./

Anmount (Parts) Type | ndi vi dual 106
107 Epoxy EPON 862 100 100
DEN 438 -- 21. 67

CARDURA E10 50 50 Lat ent hardener

AJI CURE PN- 23 42. 36 42. 36 Thi xot r ope

AERCSI L 202 19. 26 19. 26 - Solid organic acid
Barbituric acid 1 1 Pi gnent

STANTONE 4.32 4.32



28EPX01 Red Tabl e 16

Conposi tion No. Ti me (Days) @25[err] C

106 . WO 99/36484 107 7 REETEP/00001
Visc. (Paferr]s) Yield Vi sc. _Pai nt _ (Pa)
Poi nt (Pa) W [ 20 IMED IS Mx Initial 340. 8 1.097
390.1 3.18 Filtration 343. 7 I ’m(u

367. 2 3. 006 14 339.2 ” Il", ”ﬂ” m ” l",
323 9 .13. 3551\n epoxy resin con%;lnsgxém comprising : 370. 9 0. 969

- - - - 28 - - - -

345.1 3.093 362. 3 0.9441

339. 2 3 (® 0290 epuxy compound wh5(.jx has two or more eppyy groups per m“l"SE“lel7

- - - - In Table 17, two conpositions are
shown, one of which contains as a solid organi ¢ acid conponent

fumari ¢ acid ((QP”DQ:SMMHNN% ARQ)wiashdsheo @k Rffre thiol groups feCaisResict i on No.
109) contains no such solid organic acid and is presented for

conparati ve purposes to show the |lack of yield point maintenance over tine.

See bel ow Tabl e 18.
(Tabl e 17 () a latent har Lﬂb) and
10
(d) at least one solid organic acid which is substantially insoluble in a mixture of

(a), (b) and (c) above, al room temperature.

2. An epoxy resin composition comprising :

15
(a) an epoxy compound which has two or more epoxy groups per molecule,
) a polythiol compound which has two or more thiol groups per molecule,

20 (c) a latent hardener, and

(d) at least one solid organic acid selected from the group consisting of : aliphatic,
cycloaliphatic and aromatic carboxylic acids and derivatives thereof, aliphatic,

cycloaliphatic and aromatic quinones and derivatives thereof, phenols and

()
k]

derivatives thereof and enolisable aliphatic, cycloaliphatic and aromatic

compounds and derivatives thereof.
3. An epoxy resin composition comprising :
30 (a) an epoxy compound which has two or more epoxy groups per molecule,

(b) a polythiol compound which has two or more thiol groups per molecule,



Conponent Conposition No./

Amount (Parts) Type | ndi Vi gHeaos00001
108 - 9/36484 Epoxy 73 . EPON 862

100 100 CARDURA E10 50
50 Lat ent har dener AJI CURE PN qy’////l// 42.36 42.6
Thi xot r ope . 19. 26 I

Solid organi c((') ﬁg‘m{"f%%c‘}" II// //I/I // /IJ

acid Pi gnent STANTO\IE

4. 32 - ) . . 28EPX01 Red 10

Tabl e 18 (d) at lcz:sq'p%wélgawxc acid having a pKa of less thaneéﬁwgg ite ahyet 430,
Lerr] 25] g IC desirably less than or egual to, shout 10, more suitably 188 than or equal to about
109 ‘ > PEra™ " PVRSEaSTEY Y Rngl"§ _

Vi scosity © 9.0, and desirably less than or edl@ill R about 7.5. (Paf err]s) Poi nt
(Paf[err]s) (Pa) (Pa)

Mx Initial 482.5 0. 8948 355.7 0. 464

EI Itration 4.429' Rn CpOXY rcsinlzt'cévzrding t%b'l@_irgESdrAélaim 3 \Gh%gfgqgf'acid (d) is

119 (])-83 0; _95 6suhslunlizllly insoluble in i mixture of (a), il‘é)‘?h-ng (c),at ronror?tggr(ssZmlurc.
229.9 10 0. 465 6 454. 2 0. 828

210. 2 0.462

162. 5 ¥ 524An epoxy resin "”lel‘“mpﬁfiﬁf'ldg?“bl“dﬂéPﬁ"é%’"" claim wh«.rup\lhu
¢\SCG| erat ed A(gl'egldl"?lg AR Rlected is from -

(i) carboxylic acids of general Formula |
R,CO,H 1
wherein :
20 Ry is trans-CH=CHCO,H, -CH=CHCO,R[R is CH,],
-CH,C(OR)(CO,R")YCH,CO,R",
[R'is H, C;-Cjpalkyl, Ar], [R" is H, C;-C,palkyl, Ar], [R"'is H, C;-C,qalkyl, Ar}, Cy;-

Cy5 alkyl -(CH,),CO,H[n is 1-9], -(CHR),CO,H [R is H, OH, n is 1 or 2],
-CH(OR)R"{R'is H, alkyl, R"=C,-C,q alkyl, Ph], -CH=CH-Ar,

OH
OH

OH
cHy” o CH,

CHs,



We conditioned Conposition No. 106 at a tenperature of about 40[err]C to
determ ne the affect of an increase of tenperature over tine. The results

are . woymssast ed below in Table 19. 45 PCT/IE99/00001
Tabl e 19 ‘ Conposi tion hb.
Ti me (Days) @40[err] C

106 (it) benzoic acids of general Formula 11 vield coVse. o
(Paferr]s) $ nera atl: Poi nt

M x Initial 340. 8 1. 097 Himmlltﬁ“wg“”c{“l
343. 7 1.076

0. 837 ' 6 o 395 8 0.917
10 434. 4 0.” R, 18
437.0 s 1.042 Fromthe results presented in
this table, it is seen that conposig4 } accordance with this

i nvention performwell over tine, eveniat ghevated t enperat ure

conditions, such as may be experlencednnhen the end user does not follow

t he manuf acturers recomrended use and storage conditions.

B. Shear Strength The adhesive conposition (Conposition No.
106) was di spensed onto lap 15 shears which are constructed of
grit-blasted mld steel and cured at a tenperature of about
150[err] Cyfor a period of time of about 30 minutes. The |ap shears with the
cured adhesi ve between an overl apping portion thereof was then
mai nt ai ned at room tenperature for a period of time of about 24
hour s. The adhesive bond strength is determ ned by
stressing a sifi§faradhesi ve

R, is H, alkyl, haloalkvl such as CX;[X is F, CI, Br, 1], alkenyl, OH, OR[R is alkyl, Ph,
15 Bn, Ar], -§-§-Ar-CO,H, -S-S-Ar

-SR[R is H, alkyl, haloalkyl, Ph, Bn, Ar], Ph, Bn, Ar, CO,R[R 19 H, alkyl, Ph, Bn, Ar},

CO.R[R is H, alkyl, Ph,Bn, Ar], NO,

R, is H, alkyl, haloalkyl such as CX; [X is F, Cl, Br, 1], alkenyl,
20 Ph,Bn, Ar, OH, OR, [R is alkyl, Ph, Bn, Ar], -CH,Ar, NO,, CO.R[R is C-Cio-
alkyl, Ph, Bn, Ar], CHO, CO,R[R is H, alkyl, haloalkyl, Ph, Bn, Ar], or

CO,H
HO

—CHz

Rz is H, alkyl, haloalkyl such as CX; [Xis F, Cl, Br, [], alkenyl, OH, OR[R is alkyl, Ph,
Bn, A1) Ph, Bn, Ar, atkyl, CHO, CO.R[R is alkyl, Ph, Bn, Ar], CO,R[R is H, alkyl, Ph,
Bn, ArJNO;;

(%)
w



20 overlap joint with the application of a tensile force parallel to

t he bond are the naj or is of the |ap shper/msanesndi ng
to the proévecg???%g%i‘et ailed in ?%r national | y-recogni zed t ext

met hod ASTM DRQ@2y 5kyleh£16§ﬁ<y154%%ﬁl a@fv@{w £ Cl, Br, 1], alkenylemi eat[Rds hiky1, Ph,
Conposi tion No. 10 06 and the results obtained as ‘a mean” of the five

observations BmoaENOadBR@R(Ras shehPhsBnehd@HO CORIREB HY rmierr] .

Not wi t hst andi n et escription of the invention given above the
true spirit aﬁg‘yggjg‘pg gﬂtﬁ&‘? V¥ntion is nmeasured by the cl

WHAT IS CLAIMED IS . An epoxy resin conposition Wﬁ

(a) an epoxy conpound V\/m ch has two or nore epoxy groups p elc I“e

(b) a pal yt Msad Hcdkpbhzﬂdahkm nhhlaag,}«t % 1x0F, CoBe, [latitealyl,gr oups per nol ecul e,
(c) a |latent hardener. (d) at | east one solid organic

acid which is %‘ﬁ-t‘%‘@%h"&‘fﬁf’h r?ébl’\!ibl ein a mxture of (a),
(b) and (c) abgvg, A IROMCOHRES Y Ph, Bn, Ar),CORR is H, alkyl, Ph, Bn, Ar] NO,,

ar
10

(ii1) quinones of general Formula H:

20

wherein :

R;, Ry, R; and R, are independently H, alkyl, haloalkyl, alkenyl, OR[R is H, alkyl Ar,
Ph, Bn, JCN, Ph, Ar, or

25
(iv) phenols of general Formula IV :
R
R, R,
30 wherein:
R 4 R 2
R

U



2. An epoxy resin conposition conprising: 15 (a) an epoxy
conpound whi ch has two or nore epoxy groups per nol ecule, (b) a
pol yt hi ol OWOPYMM8 whi ch has two or nore gRiol groups per noP€EIR000120
(c) a | atent hardener, and (d) at | east one solid organic acid
sel ected fromthe group consisting of : aliphatic,

;lyflpﬁgi : Ehat il%is-aﬂd ﬁ[omat I ¢ carboxylic acids and derivati ves "J#ﬂﬁ’" s” "{

cycl oal i phatic and aromati c qui nones+*an

derivatives theieof . phanal 1;&%5 c%@gxén: Br Cl. Iﬁjearllkc\(@f'ves t her eof and

enol i sabl e allphat’ic,” cycl odl i phatic ar ormt conpounds
and derivati v(élsFl;BarIe@N OH OR[R is 3lkyl, PhBn etpx)xlyOE LSO R[Raspikgl, PhoBn, Ar],

conpri si ng: { epoxy conpound whi ch has two or nore epoxy
groups pep nd?@ghFéL RisH, “kﬂb?hlhhﬁﬁblﬁpﬁfol conpound whi ch has two or

nore thiol groups per nolecule, (c) a |l atent hardener,
and

R, is H, alkyl, haloalkyl, atkenyl, OH, OR[R is atkyl, Ph, Bn, Ar],
Ph, Bn, -CH,Ar, CN, F, Cl, Br, I,

100 Rjis Hoalkyl, bleualkyl such as CX;[X is F, Br, CL. 1], alkenyl, NO,,
CO..R{R is alkyl, Ph, Bn, Ar]. CHO, CO;R{R is alkyl, Ph, Bn, Ar].
OH. OR[R is alkyl, Ph, Bn, Ar], Ar, Bn, Ph,
C(R),PhOHIR is Me or H}, C(R),Ar[R is Me or H] or:

fo) OH O (9]¢

(o] OH

0 OH

15 wherein :

R and Ry are independently H, alkyl, haloalkyl, alkenyl, OH, OR
[Ris alkyl, Ph, Bn, Ar];

20 R, is H, alkyl, haloalkyl, alkenyl, OH, OR[R is alkyl, Ph, Bn, Ar], F, Cl, Br, I, CN, Ph,
Bn, -CH,AT=;
Rs1s H, alkyl, haloalkyl such as CX,[X is F, Br, Cl, 1}, alkenyl,
F, Cl, Br, I, CN, OH, OR[R is alkyl, Ph, Bn, Ar}, NO,, CO.R
[R is alkyl, Ph, Bn, Ar,}, CHO, CO,R[R is H, alkyl, Ph, Bn, Ar], PhOH,
25 provided that a compound of general Formula V is chosen to have at least one phenolic

group present, or

(v) enolisable materials of general Formula IV:

[ o veis mreerrr 1340 DIINN l

This Sheet Has Been Replaced

AR




(d) at | east one solid organic acid having a pKa of |ess than or equal

to about’ 1 desirably | esg;than or equal toprebaEsyod@i nore
sui tably | A an or equal to about 9.0, and desirably Iess
t han or equal to about 7.5. 4, An epoxy resin according to
claim2 or claim3 wherein the acid (d) is substantially
insoluble in a mxture of (a), (b) and (c), at roomtenperature.
5. An epoxy resin conposition as clained in any preceding cl ai mvvhere n
t he organic acid selected is from (|) carg “‘\ﬁ\\
acids of general Formula | 15 ®WerQICJerr]H m
wher ei n: 20 Rl err] is trans-CH=CH  er JH err] -CH:
CHerr]], -CHerr] C(OR) (CO e ]qurr]R'"
H derr]-Cerr]alkyl, A], [R is derr]- err]alkyl Ar , R"' |s
Herr], (Jerr]-(err]al kyl, Ar), C[err derr]
al kyl,-(CH err])[err]COerr]Hn is 1-9], -(CHR)[err]CJerr]HRis H OH n
is 1 or 2], -CHHOR)R'[R is H, aIkyI, R'=Clerr]-(err] alkyl, Ph],
-CH=CH Ar, 25 [err]

5 wherein :

R, or R, are NR'CO.NR"R"'[R'is H, alkyl, Ph, Ar, R" is H, alkyl. Ph, Ar
R™is H, alky!, Ph, Ar,}, OR[R is H, alkyl, Ph, Ar}
X is (CHy),, C(R)5[R is alkyl, Ph, Ar, CN], O, S, NR[R is H, alkyl, Ph, Ar}, n is 0-10,

10 or
(vi) enolisable materials of general Formula VI:
15 0
R
n i
o) X3 R,
20
wherein
(a) X,=X,=NH, R=H, R,;=0, n=1; or
(b) X,;=X,=NH, R;=0, n is zero so that the cyclic structure has a five membered
25 ring; or

(C) X1=X2=O, R=H, R1=(CH3)2, n=1; or
. (d) X]_:Xz:O, R=Ph, R1=(CH3)2, n=1.



\(/\llnlaz eih(ri:nzoi ¢ ac cIi[se?];] g;agelr_{;ll arﬁ;ln?l ﬁa: :)ial lerr]such as Cﬁ\g\“\ﬂ MHH“L‘M&“\
FrsH *

Br, I], al k9936644 ORI R is al kyl, Ph, 1

-S- S A, -SRFR is H, alkyl, haI oaI kyl?, 2’ Bn Ar] Ph, Bn, Ar,
CJerr] R[ Ris &, alkjl oﬂhrcsxﬁ'l:omﬁf:lmon as clai@gd% an' ﬁre'éltmﬁ'«lr Kl)ﬂm vvlﬁgreuﬁn Arl,
NJO err] Rl err] |sH al kyl', hal oal kyl such” as CX[err] F, d,

Br, 1], al kenythe sold orgppic agid is selected-fromppthe gIRUP songistipg of Ph Bn Ar ]

-CS(-)I,[ e&l] 2\: ' g[%?\{l{srlwéﬁldm;ru{?has ﬁ‘g%ﬁl%§; bcl[qegrhc l% H%A]:hlnawleenu[ ggrl?mumsﬁxcy’hc

acid, 4,5,7-Trihydroxyflavanone, 2,2-Dithiosalicylic acid, Phloroglucinol. Fumaric

5 acid, 3,4-Dihydroxy benzoic acid, 3,4,5-Trihydroxy benzoic acid. 6-hydroxy-2,5,7.8-
tetramethylchroman-2 carboxylic acid, Pamoic acid, Ascorbic acid, Salicylic acid,
Citric acid, 3,4-Dihydroxy cinnamic acid, 2,3-Dicyanohydroquinone, Barbituric acid,
Tetrahydroxy-p-benzoquinone, Parabanic acid. Phenyl boronic acid, 5-Phenyl
Mcldrum's acid and Meldrum's acid.

10

7. An epoxy resin composition as claimed in any preceding claim wherein the
cpoxy compound is selected from any polymeric epoxide which has an average of two
or more epoxide groups per molecule, including polyglycidy! ethers of bisphenol A,
bisphenol F, bisphenol AD, catechol, resorcinol, or epoxy compounds obtained by

15 reacting polyhydric alcohols such as butanediol or polyethylene glycol with
epichlorohydrin, epoxidised olefinic resins, phenolic novolac resins, cresol novolac
resins, cycloaliphatic epoxy resins, glycidyl ether esters, polyglycidyl esters, urethane
modified esters and polyepoxy compounds based on aromatic amines and

epichlotohydrin.

8. An epoxy resin composition as claimed in any preceding claim wherein the
polythiol compound is selected from any mercapto compound which has two or more
thiol groups per molecule such as trimethylolpropane tris (B-mercaptopropionate),

trimethylolpropane tris (thioglycolate), pentaerythritol tetrakis (thioglycolate),

v
wn

pentaerythritol tetrakis (B-mercaptopropionate), dipentaerythritol poly (8-
mercaplopropionate), ethylene glycol bis (B;mercaptopropionale) and alky! polythiols
such as butane-1,4-dithiol, hexane-1,6-dithiol, and aromatic polythiols such as p-
xylenedithiol and 1,3 5-tris (mercaptomethyl) benzene.

309, An epoxy resin composition as claimed in any preceding claim wherein the ratio

of the epoxy compound to the polythiol compound in the composition is such that the



Rlerr] is H alkyl, hgf,cgm"i{mrm’ CXerr], [Xis F, d, Br,

al kenyl - O—L Ris n ' Di& Ar] Ph Bn, Ar, aI Ky, R R
is al kyI PYO SHpp484n erv al nyl Ph Bn ll)q./%?}gr(ﬁ?
Rlerr] is H, aI kyl, hal oal kyl such_as CX[err] al kenyl ,

OH, OR[Ris am&w ot EPAXY equwdlgﬁs to&h}olwvgﬁk}mm ICQOR[ @qué ()aﬁ }(W abqul gnm(mz]
CHO, CJerr] RL,ﬁt‘{?yg[lmm 75- lall0 [)m{’ Bn, Ar], Ph, Bn, Ar; 5 Rerr] is

H, al kyl, hal oal suc err is F, a , Br, I]aI kenyl , OH,
OQ[Rls aIkyI Ph, Bn, Ar] Bn, Ar, CHO COR[Ris al kyl, Ph, Bn,
A CCIerr]R[Rls H, aI kyI, Ph, Bn A err] 10

(iii) qui noned{of deridoxy rgsg} hem)@_ospl'qn acu){dérpg 1o any prccedma claim wherein the latent

5 hardener (¢) is present in amounts of about 1 10 about 60 parts by weight per 100 parts
by weight of the epoxy compound (a), suitably about 1 10 about 45 parts more suitably

about 1 10 about 30 desirably about 10 to about 20, parts by weight.

I, Anepoxy resin composilion according to any preceding claim wherein the solid
10 organic acid is present in an amount of about (1.1 to about 80 parts by weight per 100
parts by weight of the latent hardener (c¢), suitably about (0.5 10 about 45 parts by

weight, desirably about 1 to about 5 parts by weight.

12.  An epoxy resin composition according to any preceding claim wherein the acid
15 has a mean particle size in the range about (0.1 to about 500 microns, suitably about 5 1o

about 100 microns, and desirably about 10 to about 50 microns.

13, An epoxy resin composition according to any preceding claim comprising two
or more solid organic acids.

20
14. " An epoxy resin composition according to any preceding claim wherein the

composition is a one-part adhesive composition.

15.  An epoxy resin compaosition according to any preceding claim wherein the
25  composition further comprises:

() a thixotropy-conterring component.

16. A curable one-part epoxy resin composition with improved rheological
properties suitable for use as an adhesive to mount electronic components on a

30 substrale, the one-part composition comprising the components of a composition

according to any preceding claim.



wherein errm err Rlerr] and Rl err] are |ndependently H,
I

al kyl, hal oal kyl , aI ml al kyl Ar, Ph, . .
“m ”muneral FormJIa | V: [err] Ptl:T/lE99/00001

or 25 W099/36484(|
Ris H oH, - Rlerr] is H al kyI hanaI such as CX[err][X is F, Br,

Sd[ er r] N ke%z is af'krgill’le °BR p§%ﬁp£ﬂ %}‘npo i Eiéa?’er rﬁlﬁﬁf ﬂnﬁmh'—iﬁq ﬁcﬁw‘l[en 2

Bn, Arl, PhO‘Lsumtcondu«.luﬁ[c@fd’c]mcﬂﬁdxhg aabﬁﬁydcmdbabﬂailf(yﬂqun&hkﬁmydam&]duhm[d? i S
aIkyI Ph Bn, Arl Bn, -CHerr]JAr, CN,_ F, d, Br, 1, 10

Rlerr] is H ankgcircpiapeny Ik‘glPVhS‘ih'cﬂqlda?"E%[@“Fﬂ"E seyige ps elggiricagly cmru]wesh yeihy| |
gnq, e'rA; } , onm,a%%sx 1<er\< F(kmp QH;. ﬁ\n r;lArn]eg_‘it aggni[)ﬁ#ﬂ acmrdm k)ydny Ph,

CA(R) [err] PaOHR deBinR1A. H C(R)[e”]Af[R is Me or H or: [err]

I8. A composition according to claim 15 having yicld point maintenance and

viscosity maintenance over time.

1 19 A curable one-part epoxy resin composition with improved rheological
propertics, comprising:
(i) an cpoxy component comprising at least one epoxy compound.
(ii) a latent hardener component, and
(ii1) a thixotropy-conferring component, and
15 (iv) a solid organic acid component,
wherein the solid organic acid component improves the yield point maintenance and

viscosity maintenance of the composition over time.

20. A curable one-part epoxy resin composition with improved rheological
20 properties suitable for use as an adhesive to mount electronic components, comprising:
(1) an epoxy component comprising at least one epoxy compound,
(ii) a latent hardener component,
(iii)a thixotropy-conferring component, and
(iv) a solid organic acid component,
25 wherein the solid organic acid component improves the yield point maintenance and

viscosity maintenance of the composition over time.

21. A curable one-part epoxy resin composition with improved rheological
propertties suitable for use as an adhesive to mount electronic components, comprising:

30 (i) about 150 parts of an epoxy component comprising at least one epoxy

compound,

(ii) about 42.36 parts of a latent hardener component,



Rlerr] and R err] are I ndependently H, al kyl, hal oal kyl, al kenyl, OH OR

o, CRUR Wb samges lﬂﬂﬂlllllllﬂllllllﬁ[lﬂl” o R B, "ol

Rlerr] is H alkyl, haldal Kyl "suth &s CX[errj[Xls F, Br, d, 1], alkenyl,

F, d, Br, |, CN, C(ri,x) 4B’ 9. 36 PArksy/df, athoth@y-céﬂﬂcrrlriﬁcﬁﬂpdnenC@nR [R i s
al kyl , Ph, Bn, Ar CJerr]RRRis H, alkyl, Ph, Bn, Arl, PhCH 25
provi ded that a conﬁ&ﬂ’ﬁﬂ'"b* PéfeAE? soliderEARic ACK\FOMPOBERIsen to have at | east
one phenolic group present, or (v) enolisable
materials of general Formula V:

22. A curable onc-part epoxy resin composition with improved rheological

5 properties suitable for use as an adhesive o mount electronic components, comprising:
(i) about 171.67 parts of an epoxy component comprising at least one epoxy
compound,

(11) about 42.36 parts of a latent hardener component,

(ii1) about 19.26 parts of a thixotropy-conferring component, and

10 (iv) about 1 part of a solid organic acid component.
23. A curable one-part epoxy resin composition with improved rheological

properties suitable for use as an adhesive to mount electronic components, comprising:
(a) about 100) parts of an epoxy component comprising at least one epoxy
1s compound,
(b) about 25 parts of a latent hardener component,
(c) about 15.6 parts of a thixotropy-conferring component,
(d) about 75 part of a polythiol component, and

(¢) about (1.5 parts of a solid organic acid component

24. A curable one-part epoxy resin composition with improved rheological
properties suitable for use as an adhesive to mount electronic components, comprising:
(@) about 130.26 parts of an epoxy component comprising at least one epoxy

compound,

L8]
W

(b) about 33.26 parts of a latent hardener component,
(c) about 20.57 parts of a thixotropy-conferring component,
(d) about 94.5 parts of 4 polythiol component, and

() about 0.635 parts of solid organic acid component.

30 2S. A curable one-part epoxy resin composition with improved rheological
properties suitable for use as an adhesive to mount electronic companents, comprising:

(a) an epoxy component comprising at least one epoxy compound,



5 wherein: R[err NR CONR'R'"' [R is H aIkyI Ph,
Ar, R is H alkyl, lﬁi"lm@]mm !i|—< alkyl, Ph, Ar],
al kyl, Ph, wAs $o/36484 C(R)[err] [Ris al ki T/IFPP'OOA?I
. O S, NRR H, alkyl, Ph, A »-10, 10
?\ﬁ) enol i sal?l[e Irr;t ) a d GS E%SL ggg L’rik@ Vi [er?]r
(a) X[err]—X[err]—ﬁ;ﬂg—ﬁplﬁf[ f PR=T (b)

X[ err] =X err]=NH, R(c—)@thmotrSpy-ebﬂeﬁmgtd@atpohhﬂ syl ic structure has a five

menbered 25 (c) Xerr]=Xerr]=0. R=H,

Rlerr]=(CH err])[er ,(cjl) a whf orgﬁmc acid component, w}'(q”mj@eeﬁ:qryg)@t&nrl}a.s@ yuﬁdpﬁmt

Rierr] =(CH erfl il Gl ur Bt 30-700 Pa, suitably about 150 - 450 Pa, desirably about 300-400

5 Pa, and a viscosity in the range of about 1 to 50 Pa.s, suitably about 1 1o 25 Pa.s,
desirably about 1 to 10 Pa.s, more desirably about 3-4 Paes, with each of which being

maintained substantially within the respective ranges over time.

26. A process far preparing curable one-part epoxy resin composition with
1 improved rheological properties, comprising the steps of:
combining initially (i) an epoxy component comprising at least one epoxy
component, (iti) a thixotropy-conferring component, and (iv) a solid organic acid
component,
combining thereafter (ii) a latent hardener component, and
15 mixing together components (i), (i), (iii) and (iv) for a time sufficient to form
the curable one-part epoxy composition with improved yield point maintenance and

viscosity maintenance.

27. A mounting structure for semiconductor devices; comprising:

20 asemi conductor device comprising a semiconductor chip mounted on a carrier
substrate; and a circuit board to which the semi-conductor device is electrically
connecled, wherein the space between the carrier substrate of the circuit board and the
semi-conductor device is sealed with the cure product of a composition according to

any of claims 1 to 25.

A
28. An electronic device comprising a semiconductor device and a circuit board to
which said semiconductor device is electrically connected, assembled using an epoxy
resin composition according to any of claims 1 to 25 to mount the semiconductor device
to the circuit board.

30

29. A method of using a composition accordmrr to any claims 1 to 25, the method

comprising the steps of:



78 6. An epfﬂmn t| on as clained in any preceding claim
wher ei n t he so wml s selected fromthe gpegAEsSHIREHIStI NQ
of : WOR964840t guai atolt, 3 455-4Ti net ggxy benzoi ¢ aci d,

Hexachl or ophene, 3, 5-Di ni trosali cylic aci d,
4,5, 7-Tri hydr oxyf | aﬁanosieg ofi2snDipiphipoiatd locytidrcoraz carie Phitoiralglasoitent
FUTTB.I’I c 5 acid, 3 4 Xstljlr“?nxy benzoic acid, 3,4,5-Trihydroxy benzoic

acid, 6- hydrSW“'Z“ o the S"mp * tetranet hyl chroman-2 car boxylic acid,

Panoi ¢ acid, Ascor %ﬁuﬁﬁhﬂn ov%@'lHe%l:Jtﬁm%me the compt')QlitoWa% Ainic

3, 4-Di hydroxy cinnamc acid, 2,3-Di cyano yd° r oqui none, Barbituric acid,

Tet r ahydr oxy cpmbemaogui none, Parabanl c acid. Phenyl borom c acid, 5- Phenyl
Mel drum s acid and Mel drums acid. 10 epoxy resin

conposi tidn as cl ai A#HY Wcahy“ﬁwéé@aipﬁgu&|“émhﬁhévé1rhulf%@k and  apoxy
conmpound is selecte e of two
or nore epoxide grou "[Iﬂgh@% 1R8 }mﬁr’l nc"ﬁgﬁl h‘gﬁ/po tycg ?/Qslqpifla‘ﬂe‘fa%ﬁ&ggof

hi sphenol A, conditions ttawsmhsllaoh Lﬁ;.ufuuapcmanekopﬂ wig@d.echol , resorcinol, or
epoxy conpounds obtained by 15 reacting polyhydric alcohols such as

hut anedi ol or pol yet hyl ene glycol with epi chl or ohydri n, epoxi di sed
ol efinic resi 1S noI c nlov‘bJ @ resins, .cresaol nQ vol [ ?

cycl oal i phat i"¢ epo ‘l’ g a Hpgp “Bf‘t‘ré?"‘é‘s‘t"é?’s “661”3/‘@? FRRUGP MWl
ur et hane, L.xrrfll?qm&‘u‘?:d, tﬁéU%[ﬁnﬁ@Qnﬂglsb{xﬁﬁﬁf‘.%u%<ml!ﬂ&$l%@%ﬁﬂ.r‘lﬂhxﬂxﬂﬁat' c
am nes and epi chl or ohydrin An epoxy resin

conposi ti on asmpiriaingabk stap ahyispemsiradinngn@indiofm whmapesifiot hecording to ayobnet dii ol

conmpound i s selected from any nercapto conpound which has fwo or nore
claims 1 to 25 into the Space between the electronic component and the carrier

substrate, and exposing the epoxy resin composition to conditions which effect cure.

15 31.  Use of at least one solid organic acid having a pKa of less than or equal to about
12.0, suitably less than or equal to about 10.0}, more suitably less than or equal 10 about
9.0, and desirably less than or equal to about 7.5, in the preparation of one-part adhesive

compuosition based on an epoxy resin.

20 32,  The reaction product of a composition according to any one of claims 1 to 25.
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t hi ol groups per nol ecule
([err]-nercaptopropionate)
pentaeryt ? dgtrakis (
([err]- nercap opr opi onat e) ,
mer capt opr opi onate), ethyl
al kyl pol ythiols

aromatic polythiols such as p-

(mercapt onet hyl ) benzene.

claimed in any preceding claimwherein the ratio

conpound to the pol ythi ol

rati o of epoxy equivalents to thiol
suitably about 0.75:1 to about 13:1.

about 1.5:1, nore

such as butane-1, 4-dithiol,

such as trimethyl ol propane tris
trimet hyl ol propane tris
thloglycolate) 25
di pent aeryt hyj_tol

/ poly ([err]-
ene glycol bistP

[ err]-mercaptopr
xyl enedi t hiol and 1,
30 9.
of

conpound in the conposition is s

hexane-

(thi

col at e)
pentaerythrﬂKHWEg%¥

opi onate) and
1, 6-dithiol,
3,5-tris

and

An epoxy resin conposition as

t he epoxy
uch that the

equi valents is fromabout 0.5:1 to

10.

An epoxy resin conposition according to any preceding clai mwherein the

| atent 5 hardener (c)

by wei ght per 100 parts
about 1 to about 45 parts
,desirably about 10 to ab
resin conposition accordi
organic acid is present i
wei ght per 100 parts
about 0.5 to about 45 patf
parts by weight.

i's

1

FIG.

nore suitably about 1 to 4
ut 20, parts by weight. 1
g to any preceding cl ai mwherein
an anount of about 0.1 to about
by wei ght of the |atent hardener
ts by g weight, dgg rably alb

by wei ght of the epoxy conpz

about 60 parts

und (a), suitably
bout 30

1. An epoxy

the solid 10

80 parts by

(c), suitably

out 1 to about 5




12. An .epoxy resin conposition according to any precedi ng clai mwherein

the acid 1¥oodrsasf nean particle size irl)Zdéhe range about O. %é&@&g&%wo
[ 0

m crons suitably about 5 to about m crons, and des t
10 to about 50 m crons. 13. An epoxy resin conposition according
to any preceding claimconprising two or nore solid organic acids.

20 14. An epoxy resin conposition according to any preceding claim
wherein the conposition is a one-part adhesive conposition.

15. An epoxy resin conposition according to any precedi ng clai mwherein
the 25 conposition further conprises: (e) a

t hi xot ropy-conferring cofrponent. 16. A curapre ome- part epoxy
resin conmposition with ipproved rheol ogi cal propertiep suitable for

use as an adhesive to nmount el ectronic conponents on a 30 substrate, the
one-part conposition conprising the conponents of a conposit|on

according to any precedi hpg claim emw A CuUrabje one-part
epoxy conposition capabl p of sealing underfilligElet weeri a
senmi conductor device including a sem conduct®h RS Eggyted bn a carrier

substrate

FIG., 2




and a circuit board to which said sem conductor device is electrically

connected, said one-part conposition conprising the conponents of a
conposi ti onWRAWH6#Ing to any 5 preceding claim 18PCT/IESR/00001
conposi tion according to claim 15 haviggyield point maintenance and
vi scosity mai ntenance over |ine. 10 19. A cur abl e one-part epoxy
resin conposition with i nproved rheol ogi cal properties, conprising:
(i) an epoxy component conprising at |east one epoxy comnpound.
(ii) a latent hardener conponent, and (rii) a
t hi xotropy-conferring conponent, and 15 (iv) a solid organic
aci d conponent, wherein the solid organic acid conponent i nproves
the yield point maintenance and vi scosity nmi ntenance of the
conposition over time. 20. A curabl e one-part epoxy resin
conposition with inproved rheol ogical 20 properties suitable for use as
an adhesive to nount el ectronic conponent siDconpri sing: (1)
an epoxy component conprising at |east one ¥poxy conpound,
(ii) a latent hardener conponent, (iii)a
t hi xotropy-conferring conponent, and ' (iv) a solid organic
acid conponent, 25 wherein the sol i@ organi ¢ aci d conponent inproves the
yi el d poi nt nai ntenance and Vi SGOSI nt enance of the conposition
over time. 0O
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21. A curabl e one-part epoxy resin conposition with inproved

rheol ogi cal wo 99r364s4pr operties suitable for use as an adhesiveppg, bo1

el ectroni ¢ conmponents, conprising: 30 (i) about 150 parts of
an epoxy component conprising at Ieaéz%one epoxy conpound,
(i1) about 42.36 parts of a latent h ener conponent,

(ii1) abut I9. 26 parts of a thni Xotropy-conferrimg conponents—atd
(iv) aboyit 1 part of a sOeldiPeintyansus Tiare fdr Cafifxaition 2. 22. A
curabl e pne-part epoxy resin conposition with inproved rheol ogical |5
properti¢s suish _.adheswe to _mount el ectrom c conppnents,

conpri si ng: FEPhXy conppnent
conpri si ng at*? §
(ii) aboyt 42853 {
(iii) aboutg 18e . and 10
(iv) abolt &1 Ral 23. ;A
curabl e q)nec.E par n 0| ogi-gab: ;
propertiés $ i ¢ -eeRponent s,
conprisingg 1s Conponent
conpri si ng atmjJ

50 §

i 0

! witial 12 17 2 30 87

: Time (Days) @ RT

FIG. 4A

! Viscosity versus Time for Composition No. 2

Viscosity (Pa s)

87
Time (Days) @ AT

FIG.4B



15 conpound, (b) about 25 parts of a | atent hardener

conponent, (c) about 15.6 parts of a thixotropy-conferring
conponent , wo 99/36484 (d) about 75é£art of a pol ythiol ecEfBEI@001 and
(e) about 0.5 parts of a solid organi c5&&id conponent 20 24. A

curabl e one-part epoxy resin conposition with inproved theol ogi cal
properties suitable for use as an adhesive to nount el ectronic conponents,

conpri si ng: (a) about 130.26 parts of an epoxy component
conprising at | east one epoxy conpound, 25 (b)
about 33.26 parts of a |atent hardener conponent, (c) about
20.57 parts of a thixotropy-conferring conponent, (d) about
94.5 parts of a pol ythiol component, and (e) about 0.635
parts of solid organic acid conponent. 30 25. A cur abl e one-part
epoxy resin conposition with inproved rheol ogi cal properties

suitable for use as an adhesive to nount el ectronic _conponents, conprising:
(a) an epoxy fomponent conprising at |east one epoxy cdnpound,

(b) a latent hardener conponenf ~apd (c) a

t hi xot ropy-copferring conponenﬁﬁ anda
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(&S0t d organic aei d-sconpbhenis WheT €s Ned he oliipesition has a yield
poi nt in the range of abouts 36- 300s Pas swist ablly &bout 150 - 450 Pa,

desirably about 300-400 5 Paee asihb a Vistosdiy iRefhe to
50 Pas, suitably about 1 to 25 Pa.s, desirably Hmw Hﬂ HL(H“TS
nore desirably about 3-4 Pa[err]s, with each of which L oMmos %

mai nt ai ned substantially within the respective ranges over tine.

26. . A process for preparing curablegne-part epoxy resin conposition

with 10 inproved rheol ogical properties. conprising the steps of:

combi ni ng i ni ti al Wdispérsingente peAxpprogrimeeaiorcaPedriemn@bsttatd £asfficiene epoxy
component, (iii) a thixotropy-conferring conponent, and (iv) a solid
organi ¢ aci amount of the.COmPOREAR,, conbi ning thereafter (ii) a

| atent har dener caupgORE oy Ak 10bon beains the ol B SHGKARE comPonent s

(1), (i), (irii) a tIime su cien the curable
one-part epegiipseposition with inproved yield point maintenance and

vi scosity mai nt enance. 27. A mounting structure for sem conductor
devi ces; conpri si mating 2l electypnierampooeniuitiothe ¢awicr substatprandi ng a

sem conductor chip rmunt(gd on a.carrjer substrate; ang.a circuit

board to which th&*REHE BH@&&%?CUQB\?F@@P%CMC@%{EF §1tb(§ppt§,.assen? Iy t%eonnect ed
therein {hecsARRRIENRA KGR s Bk, T L e O el poard an:
conposi o on according to any of clainms 1 to 25. 25
30. A method of underfilling a space between an electronic component and a
carrier substrate the electronic component being mounted on the carrier substrate,
comprising the step of dispensing an amount of a composition according to any one of
claims 1 to 25 into the space between the electronic component and the carrier substrate,

15 and exposing the epoxy resin composition to conditions which effect cure.

31.  Use of at least one solid organic acid having a pKa of less than or equal to about
12.0, suitably less than or equal to about 10.0, more suitably less than or equal to about
9.0, and desirably less than or equal to about 7.5, in a one-part adhesive composition

20 comprising (i) an epoxy compound which has two or more epoxy groups per molecule,
(ii) a polythiol compound which has two or more thiol groups per molecule, and (iii) a

latent hardener, to stabilise the chemical and physical properties of the composition.

32.  Use of at least one solid organic acid having a pKa of less than or equal to about
25 12.0, suitably less than or equal to about 10.0, more suitably Iess than or equal to about
9.0, and desirably less than or equal to about 7.5, in a one-part adhesive composition
comprising (i) an epoxy compound which has two or more epoxy groups per molecule;
(ii) a latent hardener; and (iii) a thixotropy - conferring component, to stablise the
chemical and physical properties of the composition. |
30
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28. An el ectronic device conprising a sem conductor devi

cirouit boardpgerp - hienakd=so AeRANEERAEENNCS | S oGS

connected, a ed using an epoxyintemational Burgaes| N COMPOSIi t i on a Or Jeagp 202 [~ ¥

any of neTERNETIONAL ,@m@AmUnmsHssmmmdm PATENY COBPERATION TREATE (PCT)

cir metthod—of—us1 g~ a CONpPoOSt tormraccorth |2§4

to (ﬁ{)/ g;f;?;‘ﬁ?j:)?’g?mfgﬁ“?%e net hod A1) (1) Ingspstiond PRbficatippNumherss of - WO 99/36
83 1 U o ﬁﬁ‘ﬁgj‘wna RS SRR PLACRb B " 2 530 85 cacnso

sub 1 o] e conposition,

posHH-oFHAg—oYer—t-he—t-acat-or—bear-hg-t ‘
Conp@ﬁ%ﬂérnatmnal Application Number: mat | Bgr/fEbﬁ)O&)II %f%gte&moﬂﬁ %i Wl‘tAh' (@Jth"ig' n%@eq)rALeAZ
substrate, and exposi ng &GEBR, IBYNCE, CH, CN, CU, CZ, CZ (Utility

conp@n drierpasiowal Fitive Datebs t r aldancessi@Rpl 40169 moge) R, DESHEint model). PEDOPIe (Utitity model),

effpect cure of the conposition. 10 30. EE%EH il ‘ﬂﬁg’ﬁgﬁ ﬁ}ﬂgﬁgg&% ﬁ@?(%
spaL@n PRl BRa:aN el ectronic component amnd a g kz LQ;aLKILQ[ qu%s i AR
el ept r onpspoaBonoONeNt 160MumGI99BILATI 88) ON IE e CarMN mw SMXDSO,NZ B, PT, RO, RU, SD, SE SG sr

conpri si AYP%HE st ep ohuseht DPFPEIBAY an ¥ f‘l ﬁ’eﬂ" IMCTER AT N

any| one of clainms 1 to 25 into the} spa !% f[g fﬂdﬁ"ﬂ YIfGN{(wZ
CONMPE1) Aphticalitsthror B dbigialed BihresSeida SRt OCTHR @it YAT, BEICH, CY, DE,
conposi t (Rork () JWNED! IHES Wingtht@fxdsee&k( ur e DK ES FI FRSiB, GR 155, 0, MQ, NL&TSSE),

o ARG el s Bl usoﬁfi%’??ﬁﬁ%“%??ﬁf a1y 1655 than or

equpl to about .0, and deS| rablyjless than or equal to about 7.5, in

a on@)ri!vlﬂtﬁoradhrb5| ve corrp05|t|on 20 corrﬁnﬁlishe«h gi) an epoxy conpound whi ch

has| {R&™ LOF"(,@ ez PR B e, Witk inteprational seaisiebAhi ol conpound
n eas tA nes, Dublin

whi £h  hasydotes 155(3 dg{dq(ugsmqg;gh ‘ol ecule, and (iii) a | at ent

har dener Dutlio ss(tEaa. uosle R;h}almmem Maunt /amrd physi cal properties of the
Jenbrook Park, Rathfarnham, Dublin 14 (IE).

(74) Agents: GATES, Marie, Christina, Esther et al.; Tomkins &
Co., 5 Darmouth Road, Dublin 6 (IE).

(54) Title: CURABLE EPOXY-BASED COMPOSITIONS
(57) Abstract

This invention relates to curable epoxy-based compositions for use in the field of microelectronics, such as those having an epoxy
compound which has two or more epoxy groups per molecule optionally a polythiol compound which has two or more thiol groups per
molecule, a latent hardener, and at least one solid organic acid which is substantially insoluble in a mixture of the foregoing components at
room temperature. The solid organic acid may be selected from the group consisting of: aliphatic, cycloaliphatic and aromatic carboxylic
acids and derivatives thereof, aliphatic, cycloaliphatic, and aromatic quinones and derivatives thereof, phenols and derivatives thereof and
enolisable aliphatic, cycloaliphatic and aromatic compounds and derivatives thereof, The solid organic acid should have a pKa of less
than or equal to about 12.0, desirably less than or equal to about 10, and often less than or equal to about 9.0, such as less than or
equal to about 7.5. The invention also relates to curable epoxy—based compositions including an epoxy compound, a thixotropy—conferring
component, a latent hardener and at least one of the solid organic acids above demonstrating improved rheological properties such as yxeld
point maintenance and viscosity maintenance over time.




32. Use of at |east one solid organic acid having a pKa of Ieggvﬁhaﬁmﬁﬂ

equal to about 25 12.0, suitably less than or equal to h% Ei'

) ( /\\{JM TE-
T e A e ]

conpri sing (ji
an epoxy conpound whi ¢h has two or nore e@OXY groups per

e2 &l ¢EB 2662
(ii) a latent hardener; and (iii) a thixotropy - conferrijng conponent, t
stablise the cheni cal and physi cal properties of t ecﬁgqag 5,

Ris H, OH;

R; is H, alkyl, haloalkyl such as CX,[X is F, Br, Cl, 1], alkenyl,

Cl, F,Br,1,CN, OH, ORJR is alkyl, Ph, Bn, Ar], NO,, CO.R[R is alkyl, Ph, Bn, Ar],
s CHO, CO,R[R is H, alkyl, Ph, Bn, Ar], PhOH,

R, is H, alkyl, haloalkyl, alkenyl, OH, OR.[R is alkyl, Ph, Bn, Ar],
Ph, Bn, -CH,Ar, CN, F, C1, B, 1,

10 Ryis H.alkyl, haloalkyl such as CX;[X is F, Br, CL 1], alkenyl, NO,,
CO.R|R is alkyl, Ph, Bn, Ar]. CHO, CO;R[R is alkyl, Ph, Bn, Ar],
OH, OR[R is alkyl, Ph, Bn, Ar], Ar, Bn, Th,
C(R),PhOHI[R is Me or H}, C(R);Ar[R is Me or H] or:

o OH o oH

\JL‘ t Ry Ry
o] OH 0

OH

15 wherein :

R, and R, are independently H, alkyl, haloalkyl, alkenyl, OH, OR
[R is alkyl, Ph, Bn, Ar);

20 R, is H,alkyl, haloalkyl, alkenyl, OH, OR{R is alkyl, Ph,Bn, At], F,Cl,Br,I,CN, Ph,
Bn, -CH,Ar;
R is H, alkyl, haloalkyl such as CX;[X is F, Br, Cl, I}, alkenyl,
F,Cl,Br,1,CN, OH, OR[R is alkyl, Ph, Bn, Ar], NO,, CO.R
[Ris alkyl, Ph, Bn, Ar,], CHO, CO,R(R is H, alkyl, Ph, Bn, Ar], PhOH,
25  provided that a compound of general f"ormula IV is chosen to have al' least ane phenalic

group present, or

(v) enolisable materials of general Formula V:




