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EPOXY RESINS CONSISTING OF FLEXJBLE CHAINS 
TERMINATED WITH GLYCIDYLOXYPHENYL GROUPS 

FOR USE IN MICROELECTRONICS ADHESIVES 
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This invention I$ ditected to flexible epoxy compounds fur use in microelectronics 

adhesives that can be rapidly cured and that have low or no ionic contamination, and to 

processes for their syntheses. 

One step in the manufacture of semiconductor integrated circuits is the bonding 

of a silicon chip or die with an adhesive to a copper frame from which extend metal 

conductor leads. The bonded die and lead frame assembly ls encapsulated withir. a 

polymeric sealant and connected to external circuitry by way of the metal conductor leads 

that extend through the encapsulation. 

E:poxy compounds are preferred as the die attach or.enea1=1sulatin9 adhesive due 

to their $Uperior adhesive strength. The epoxies convel'ltlonally used ere the aromatic 

epoxies, due to their strength, but these are inherently rigid and brittle. During the 

manufacturing process the adhesives and substrates are subjected tc repeated thermal 

. cycling. If the adhesives and substrates' have widely !d.isparate coeffieients of thermal 

expansion, the stress of thermal cycling can lead to adhesive fallure, substrate warpage, 
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or fracture of the die. Thus, a crucial requirement for an adhesive destined for 

microelectronics use is that it be streng and flexible to absorb the stress of thermal 

cycling. 

A second crucial criterion is that tlie adhesives ~e capable of rapidly curing to 

5 meet the speeds of assembly line processing. The fast cure times required, typically 30-

60 seconds at about 175o-200cC, are known as snai:i-cure. This combination of el'iteria, 

aol":esive strength, flexibility, and ability tc be snap-c~red. is difficult to attain in one 

/adhesive. 

It is also crucial that the epoxy formulations be free of ionic contamination, 

1 O particularly sodium and chloride icms, and free of bonded chlorine. ThHe eontaminan~ 

can cause corrosion of the metal leads in semiconductor devices and the ultimate failure 

of the ceviees. 

Ta add flexibility, epoxies can be CO·l'E:acted with an aliphatic fleXibllizer; this, 

however. reduces adhesive strength because the level of aromatic moieties is lowered. 

15 The addition of a flexibilizer also reduces the abi!ity cif the adhesive to be snap-cured 

because the tlexlbilizer has a high molecular weight per epoxy. Moreover, when the 

aliphatic and aromatic ei:ioxies are cured, !hey may not co-react due to a difference in 

reactivity rates; low molecular weight compounds may volatill%e out before cure. and high 

molecular weight compounds mciy 11ot completely cure. This combination of factors, 

20 sometimes even a problem for slow eure.formuletion5, is fatal for achieving snap-cure. 

As a possible soiution to some of these problems, it is known to combine 

aromatic moieties with aliphatic moieties in the ·backl:lone of the same polymer, but the 

currently available polymers of this ripe have ·a high ratio of atomatic to aliphatic 

moieties, which resu!ti in a less cf flexibmty. Additionell-y, ttie method of preparati~n of 

25 these materials results in high chlorine contamiraclon, which is deleterious in mieroelec-

tronios applications. The polymers 1J.so have high viscosities, which requires the addition 

of a solvent as a diluent. During snap-eure, the cur1ng is sometimes faster than complete 
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solvent volatilization, which leads to voids in the :ured adhesive, and potential failure of 

the microelectronics chip or device. Thus, low viscosity materials, which eliminate the 

need for solvent, are preferred. 

It is arso imperative in the constr1.oc~ion of electronic devices te have minimal 

weight loss (no outgassing} of the adhesive that bonds the. die to the lead frame. This 

is important both during cure of the die to the lead frame, and ~ost curt during wire­

bonding processes (-200°c) or when the circuit is encapsulated or molded. Weight loss 

;during cure or pest cure should be minimized so that any volatiles esca~ing from the 

adhesive do not redeposit on the die sur.'ace. Any redeposit can lead to ·die top 

delamination during or after the molding opel'ation. Further, outgassing after the molding 

. operatioii, but during solder reflow can result in a pressure build-up that can lead to 

package eraeks. 

The problems associated with providing strerigth to flexible compounds, and with 

snap-cure and thermal s~bility (low weight loss at elevated temperature), are amplified 

as the micrcelectronics industry moves toward larger and larger die sizes. This creates 

a continuing need for improved flexible epoxies. which have strength. and that can be 

fcrmulated into snap-cured die attach adhesives. 

F='lgure 1 is a DSC graph of lnventi-ve epoxy 0 showing the change in exotherm 

as tne epoxy is cured. There is a linear relationship between the area over the curve 

and percent cure. Similar OSC curves for other of the inventive epoxies were used to 

generate the data plotted in Figure 2. 

Figure 2 is a graph of the percent cure of inventive sample epoxy resins vorsus 

cure time. 
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Figure 3 is a graph cf the thermogravimetric analysis cf inventive sample epoxy 

resins and shows their thermal stability when heated trom 3Qi:-2oooc at 10oC per minute 

and held at 2oooc for 30 minutes. 

Figure 4 is a graph of the tl'lermograv:metric analysis of tl"e inventive sample 

epoxy resins i!'I the preser.ce of curing catalyst (2·ethyl'4-methyl imiaazo!e) he;;ited from 

3Qo .. 2COoC at 1 OoC per minute. This graph shows weight loss during the cure process 

and demonstrates that comparative •poxies C and E lose substantial weight in the 2000-

,,.,25ooc range, which is the temperature range for wire bonding and solder reflow In the 

manufactt.;re of eiectronics devices. 

This invention relates tc flexible epoxy resins that can be used to formulate snap-

curable die attach adhesives, encapsulants, and coatifli;is. The epoxies are prepared by 

a synthetic route that 1.ises e~ichlorohycrin early in the synthesis at a point when 

eor.taminants can be easily removed, resulting in low levels of ionic contaminants, less 

than about 0. 1 % by weighl compared to i:irior art compositions, which contain impurities 

at higher levels. This is a significant difference for industrial applications. Moreover. the 

synthetic routes permit the preparation of discrete chemical structures, rather than mixes 

of various resins. 

. ·-
The epoxy resins are liquids at room temi:;ierature, have Tg values when cured 

of less than or equal to 10QoC. 

In snottier embodiment, this invention pertains to adhesives made witn these 

epoxies, !'or u~ in mlcroelectronics applicaticns. 1he flexibllity of these compounds i$ 

retained when the epoxies are formulated with conduct:ve material. such as silver f!al<es. 

and used to bond . silicon chlps to a metal lead frame substrate. The cl..lred epoxies 

demonstrate a hlgn radius of curvature, greater tfian or ei:iual to 300 mm. (The higher 

the radfus of' cuNature, the less chip warpage, which in turn Implies a flexible adhesive.) 
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The cured epoxies also demon5trate good adhesive strength, measured as die 

shear strength. Die shear is a measure of the force required to remove a bonded chip 

from the rnetal substrate. which ror these compounds is greater lhan or equal to 1 O MPa 

when cured 1.;nder sriap-cure conditions. The epoxies can be formulated into adhesives 

ttiat .snap~cure and exhibit no loss or flexibility or strength. Preferably the formulation will 

corr.prise 20-100 parts by weight of the flexible epcxy and so.o parts of an aromatic 0-

glycidyl ether {to a total of 100 par+..s), a curing agent, a COl"lduetive filler, and optionally 

_,,. 20·50 parts of a phenol!c hardener per hundred parts of epoxy ~sin (pphr). 

The.structural eom~osition of the epoxy resins comprises an oligomerie backbone 

of alkylene or al!<yleneoxy repeat units, or moderate length to provide flexibility, but still 

maintain sufficient crosslink density to yield useful adhesive properties. ihe flexible 

backbone is tenninated on on91 or both ends with an aromatic moiety bearing one or 

mere epoxy functionalities. Thus, the coml'ounds have nc more than two aromatic 

moieties, which exist only at the termini. Restricting the number and the location cf 

aromatic moieties in th~ polymer backbone maintains tf'ie strength imparted to the cured 

material by the aromatic moieties and maximiz:es the flexibility imparted to the cured 

material by the aliphatic moieties. A discussion ~f the synthetic routes to these 

compounds, and a discussion of previous!y known routes, will further elucidate the 

structures cf ~he compounds or this invention. 

Routes to flexible epoxy resins are known, and include the use of the glycidyl 

ester of dlmerizect fatty aeid and glyeidyl-terminated polyurethanes (or glycidyl 

eatbamates). These m_aterials are inferior for the present al)plication as it has been 

found that tl'le o>eiranylmethoxy moiety attact"!ed directly to a carbonyl group (as it is for 

bo_th of the above) catastraphlcally lose weight at elevated temperature (temperatures 

near 2oo•c) when cured under the snap...cure conditions required for current electronic 

This Sheet Ii . 
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device man1.ifacture. This is a major disadvantage since snap-curing is conducted near 

200°C ana the die/lead frame assembly is suojected to temperatures of 200-250°C 

during the wire bonding process and after moldir.g during the solder rettow operation. 

Ariother problem in the manufacrure of electronic devices !s that severe outgassing 

5 (release of volatiles) must be minini;zed :nroughout the entire device manufacture 

process. The compounds of this invention have snap-cure property arid greatly improved 

thermal stability to temperatures of 300°C . 

.,r Other routes to fle:icible epoxy res:ns are known in which the resins are prepared 

from epichlorchydrin and ei dipt:enol compound bearing a flexible backbone. Tt1ese 

10 compounds p~sess high chlorir.e contar.iination (usually >0.2%). It is imperative for 

microelectronic ap;>lieation to minimize ail souices of corrosive ions (including organic 

bound chlorine). 

To aceomplisl'\ the reciuired features of snap cure, low stress. low volatility, and 

high purity the following sequence has been followed in this invention_ The epoxy 

15 functionaiity is buiit ol'lto a." aromatic l".ing by ari epiohlorohydrin reaction. Effecting this 

transformation on a small molecule allows for easy purification by post-treating wit/"I 

caustic as is known in the art, end by distillation or {re)orystalli.zatlon. Tne aromatic ring 

may have more tr.an one epcxy group and also contains another functionality that allows 

it to be attached tc tne ends of a flexible chain. This functionality can be a carboxlie acid 

20 (so is derived from a t>enzoic acid) or a hydro:xymethyl (so is derived from a benzyl 

alcohol). The arometle ring car. optionally bear other non-interfering groups. 

The attachment to the flexible c:hain can be carried out as with the benzoic acid 

derivatives by a dehydratlve process (using a carbodiimide I hydroxybenzotriazole 

system) where the flexible chain bears amine groups at the termini. Thus. a benzamide 

25 functionality is generated during ttiis coupling process. The attac:hment to ttle flexible 

ctiain can be carried out as with the ~enzyl alcohol derivatives ln one at two ways. The 

first Is again a dehydratlve process (using a carbodlimide I dlmethylaminopyridine 

• 6. 
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sy5tem) in which ~he flexible chain bears carco>1ylic groups at the termini. Thus, a benzyl 

aster functionaiity Is generated during t!iis coupling process. The second method 

involves condensing the benzyl alcohol derivative with a flexibl& chain bearing isocyanate 

groups at the termini. ihus, an 0-benzyl carbamate functionality is genera~ed d1.;ri!')g this 

5 coL1pling process. 

It is known to condense glycidyl ether benzyl alcohols with isocyanates, but the 

known methods generate a miXture of materials by co-reacting dlisccyanates with mono­

;and di~ alcohol functionalized phenyl glyeidyl ethers. This result~ in a mixture cf 

components with epoxy functionaiity at the termini as well as along the urethane 

1 o backbone. In contrase, the compounds of this invention bear the ei:ioxy functionality only 

at the temini, and the only urethane groups are present at the termini by virtue of the 

condensation and not ln the bae:C:bone of the resin polymer. The flexible chains comprise 

only alkylene or alkyleneoxy units. 

Further. known compounds only describes roarri temperature cure with an 

15 aliphatic diamine. It could not be anticipated that the eomi:iounds cf tJiis invention would 

function as snap-cure epoxy resins with high thermal stability, esp1c;a11y witn respect to 

our finding of poor thermal staJ:)ility with the 0-glycicyl carbamate as shown in a 

comparative example. 

A brief description of the preferred synthetic r'Outes follow&. 

20 Synthetic Routes 

The preferred synthetic route comprises attaching an alkylene or alkyleneoxy 

chain to an aromatic compound, wnich is an aromaoo nucleus substituted with one or 

more· glycldyl ether groups and with a functional group that will react with a funetiOl'llll 

group on the alkylene or alkyleneoxy chain. Typically, the aromatic compound is a 

25 benzene ring substituted with ei glycidyl ether group anci the functional group, which 

preferably is acid or hydroxy. 

~1· 



KL i ti I · Ul<.l:.\~ & ':\t' I t-·.I( · 0:3- o-L!t; : lb·_., .---Hj BU UU8~:1:Jt.l:27- Ui<l:J~ & :\AP I l::R: 111 u 
rf.J.J ..JUll -""" •.J.•'-.&. ' tn\;JL-1 1n1 'U 1 QC '''-• .... I MI L-1 11 n~ l"''ln&-1...: I- WI ,L""#' -t-t 

The aromatic ring may also be substituted with a C1.a alkyl, CH; aikoxy or aryl or 

atkylaryl, C •-s perfruoroalkyl, or C1..s acyl. As used here, alkyl refers to a hydrocarcon 

9roup derived from an alkane and have the generic formula C,.H2"_1: alkoxy refers to an 

alkyl group also containing oxygen; ar1t refers to a group having the ring structure 

5 charactaristic of benzene; atkylaryl refers to a group c:>ntaining both alkyl and aryl 

10 

15 

structures; perfl~oroalKyl refers to an alkyl group in whicn one or more cf the hydrogens 

are substituted with fluorine; and acyl refers tc an organic acid group in whieh the OH 

J"Of the carboxyl group is repl:aeed by some other substituent. in this case, the phenyl ring 

to which it is attached. 

Tne atkylene or a11<y1eneoxy chail'I may have 10-50 carbon atoms. but is typically 

prepared from dimer acid. a 36 carbon chain, which is the product resulting from the 
.. 

dlmori:!:ition prococc of unc:itur:itod f::itty :icidc. or tho ohain may bo proporod from tho 

corresponding dimer dlamfne or dimer dlise>v")'anate, all of which are commercially 

available. 

Amine-terminated alkylene or alkyleneoxy chains may be reacted with a benzoic 

aeid_, substituted with an epoxy gro_up in a dehydrative coupling process. · The reaction 

takes place in the presence of a dehydrat:on system, wliieh provides an amide linkage 

between the alkylene or alkyleneoxy chain and the substituted benzoie acid derivative. 

Such dehyration systems are known in the art. A preferred system uses carbodiimides, 

20 for example, dicyclohexy! carbodiimide (as used later herein, OCC) with a hydroxy-

benzotriazole catalyst in a suitable solvent. 

Preferred substituted ben.zoic adds inelLJde glyeidyl-substituted benzoic acids, or 

glycldyloxy-substltuted benzoic acids. A preferred compo1,;nd is 3-glyeiciyloxy benzoic 

acid. 

25 Alternatively, the a•kyr~ne or al~yl~neoxy c;ihain.s may be ler'minated in a 

carboxylic acid and reacted with a glycidyl- or glyeidyloxy-substituted benzyr alcohol using 

a dehydrative carbodiimlde and pyridine catalyst coupling reaction. 

- 8 -
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Another method comprises tne condensation of ar. isocyanate terminated 

alkylene er alkyleneoxy chain With a benzyl altOhOI SUbStiMed wit'i either a glycidy[ or 

glycidyl ether group. 

Preferred compour.ds made from these synthetic routes are represented by the 

5 following structural formulas in which C·34 and C·36 are the residual hydro:arbon chains 

of dimer acids (a:s described above) reactea acccrding to the above deseribed synthetic 

routes. 
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Formulation af Snao-Cure Adhesives 

The flexible epoxy compositions of this invention exhibit good adtiesiVe strength 

and flexibility. and can be formulated into adhesives tl':at have the ability to be snap-

cured. The pfeferTed snap.cure formulations will contain 20-100 parts by weight of the 

5 flexible epoxy and 80-C parts by weight of an aromatic 0-glycidyl ether resin (to total 100 

parts), a curing catalyst. and optionally a l)henolie hardener or one or more fillers. In 

generai the curing catalyst is an imidazofe catalyst, present in an amount of about 5-1 O 

parts per hundred parts resin, and the filler is therm.ally or efec:tric:a!ly eonduetive, such 

as silver flakes, although other electrically or tl':ermally conductive fillers, as well as silica, 

10 may be used. ,.he tlUer Is preferably present In an amount ot about 2S'/o by volume or 

the adhesive formulaton. 

The aromatic O·glycidyl ethe.r (aromatic epoxy) will be su~stituted with one or 
' 

more aromatic rings, and optionally with one or more C1-C3 groups. The aromatic 

epoxies will have an epoxy equivalent weight (WPE, weight per epoxy) of 200 or less, 

15 and will be derived form the corresponding pnenollc hardeners. Exemplary aromatic 

epoic:ies are bispnenol·Fdiglycidyl ether, bisphenol-A digtycldyl ether, resorcinol dlglycidyl 

ether, and the epoxy phenol novolalcs. 

The adhesive formulation may further contain 20-50 parts per hundred parts cf 

resin of a phe,,ollc hardener ha'iling one or more hydroxyl groups per aromatic ring (from 

~ 10 -



"-"- > [; [ • lJKIO•' ·'It ,.1r·· 1 LI\. • u- o-::it; • ll.S: ~ 1 · -·l :J U:..J ~l~JU:J;..it;:::, ·-
uw ""..J• ' _,~ .I. ..... '--· I ... ~-· int • , UC '''-1 "- I r I '-• 1 I :-1• 1V11n'-- . L-

Di<ioll & \,-\.i; l Ll< : ;1 H 
...J • .1.""'t' ...... ...,. 

which are derived the aromatic epoxie described above). Exemplary pne~olic hardeners 

are the commercially available phenol novolak resins, bis~henol·F, bisphenol-A and 

resorcinoL The addition of the phenolic resin serves to improve the adhesion strength 

of the formulation after exposure to moisture ard thermal shoe!< at 250oC, and ta pi:-event 

5 bleedin9 of the flexible ~p0xv out of the formulation. 

In general any effective cul'ing catalyst in an effective catalytic amount can be 

used. The preferred crumg catalyst is an 1rr.idazole catalyst, and typically is present in 

/an amount of" about 5 parts per hundred parts resin. ?referable imidazole c~talysts are 

imidazole. 2-ethylimidazole, 2-ethyl-4-methyiimidazole, 2-phenylimididaz:ole, 2~phef"lyl-4· 

10 methylimidazole, and 2-undecylimldazole. 

The filler may be any of the thermally or electrically conductive materials, or 

silica, known to be suitable for microelectronics applications, used· in any effective 

amount. For many applications, the preferred. filler is silver flakes, although other 

electrically or thermally conductive fillers may be used, and is preferably present in an 

15 amount of abcut 25% by volume of the adhesive formulation. 

examples 

The following examples illustrate ~he preparation of representative epoxy resins. 

The evaluation test methods are given and the i:ierformance results tabulated. 

The examples also disclose snap-cura~le die attach ldhe,ive formulations that 

20 contain the flexible epoxies and the 0-glycidyl ether aromatic epoXies, anc! formulations 

containins the phenolic resin hardeners. 

Test Method§ 

The amou!'\t of hydrolyzab!e chlor:ne was determined by the following method: 

Weigh accurately 1-5 g (to the nearest 0.1 mg) cf resin into a clean, 125 ml Erlenmeyer 

25 flask with a Teflon• eoeted magnetic stir bar. Add 40 ml of 0.1N KOH dissolved in 

- 11 -
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methanol. Place flask fitted with reflux condenser into a water bath neated by magnetic 

stirrer I hot plate unit. Reflux tne stirred solutior. for exadly 15 minutes. then remove the 

fla~k. and allow it to cool to room temperature. Transfer the !iouid into a clean 250 ml 

beaker. Rinse the sample flask three times with 50 ml portions of methanol, transferring 

5 the liquid into the beaker. Add 10 ml cf glacial acetic acid and titrate the chloride ion 

10 

pctentiometric.a:!y to the end point with 0.005N AgNO~ solutior.. Calculate the 

hydrolyzable chloride cortent in ppm as fellows: 

Chloride (ppm) = 
Cml titra11tl (N AgNO,) (3.55 x ~0.1) 

weight sample g 

The amount of total ch~orine was determined by the followil"lg methOd: 

Accurately weign 1-5 g (to the nearest 0.1 mg) of resin into a clean Erlenmeyer flask with 

a t":agnetie stir bar. Add 30 ml of dioxane and 15 ml of 3N KOH solution in ethanol. 

!='lace flask fitted with a reflux condensor into a 100 °C water bath f'leated on a stirrer I 

hot plate unit. Allow sample solution to reflux for 30 minutes. Remove flask and allow 

15 it to cool to room temperature. Transfer the If quid into a clean 400 ml beaker. Rinse the 

sample flask three times with 50 ml portions of metnanol, transferring the liquid into the 

20 

25 

beake~. Add ~CO ml o~glacial acetic acid. Titrate potentiometrically with 0.005N AgN03 

solution to the e_nd point using a. silver electrode with a KNO:s- salt bridge. Calculate the 

chloride content in ppm as described above. 

EXAMPLE I. 

In this ex1mple, 3~glycidyloxybenzoic acid (aromatic nucleus substituted with a 

glycidyl group and an acid gro1.1p) is reacted with an al~lene ehain terminated with amine 

groups to form a,<rbis(3-giyeldylcxybenzamide. The alkylene is a 36 carbon diamine, 

sold under the trademark Versamlne 552 by Her'lkel. 

The preparation of 3-glycldyloxybenzoic acid was conducted by first epcxidizing 

the ethyl ester of 3-hydroxybenzoate with epichlerohydrin, and then hydrolyzing the. ester 

- ,2 -
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funotionaiit'i to the acid. The use ot the epichlorahydrin at this early stage in the 

synthesis and on ttiis row molecular weight molecule mal<e.s purification and removat of 

the ionic and bo ... nd chlorine contaminants relatively easy. 

Prepa~tion af a,w-bis(3·glycidyloxybenzamide 
of Versamine 552 diamine (EPOXY A). 

Preparation of the ethyl ester eooxlde: Into a 3 liter flask, fitted with mechanical stirrer, 

nitrogen purge and condenser, were charged ethyl 3Mhydroxyberizoate (200 g, 1.2048 

mol), epiehlorohydrin (334.6 g), !'otassh.:m carbonate (261.1e 9; -321 mesn powder. 

pre-dried at 120°C in vacuum oven for several hours), and methyl ethyl ketone (1 L). 

10 This mixture was heated with a heating mantle to gentle reflux ( -85°C) overnight. 

Analysis by GC {10 m glass capillary, 100 to 250°C at 10° I min} indicated incomplete 

reaction. A further 10 ml eplchiorohydrin was added and reflux continued for 3 hours 

at which ~oint the reaction was judged complete by gas chromotography (GC} trace. 

The contents were cooled and the salts removed by suction filtration. The solvent was 

1S removed on a roto-vap to 35°C. The re$idue was taken uo in methyl isobutyl ketone and 

washed with 5o/a. NaOH (2 x 400 ml} .. The organic phase was dried over MgS0 4• The 

solvent was removed on the roto-vap to 60°C. The yellow oil was distilled on a Kugelrohr 

apparatus at 100°C 10.1 mm Hg to provide a clear colorless oil (176.$6 g, S6% yield). H-

NMR and IF°{ spectra wue QOn$iStent with e'Cpected structure. 

20 Hydrolysis of the etbyl 11t1r: Into a one litel' single neck flask Immersed fn a eccl water 

bath with magnetic stir bar was charged ethyl 3.glyc:idyloxybenzcate (60 g), 0.66N KOH 

• 13 -
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(400 ml.), and dioxane (450 mt..). This miXture wes allowed to stir for 1.5 hours at which 

point it was judged complete by the virtual disappearance of starting material in the 

reversed phase TLC {Whatman MKC ,8F re\lerse phase plates. e1l;ent 25ml tetrahydro-

furan/2SmL H20 with 10 drops cone. HsPO,.). ihe mixture was reduced to minimum 

5 volume on a rcto-vap at 30°C for 30 min. The residue was washed with ehtyl ether (to 

remove any unhydrolyied material). The aqueous layer was theri acidified with 50% 

H2SO. to a pH-:2. Ammonium sulfate was added to nearly saturate the aqueous layer 

,....at which point he product began to oil out. The product was extracted into ethfl acetate 

(EtOAc) (2 x ... 500 ml). The solvent was removed on a roto·vap arid then the 

10 Kugelrohr was used to remove tracs solvent and water. The 1H-NMR was coosistent 

·with the desired product S?ructure. 

Preparation of 9. C!J•bisl3=a1Veidyloxybenzarnidel of Versamine 552: To a one L 3-neck 

flask fitted with mechanicai stirrer. 250 ml slow-add funnel, condenser. and N2 purge 

was charged Versamine 552.(47.22 g). To t!iis was .added 250 mL CH2Cl2, followed by 

15 3-gJycidyloxybenzoic acid (35.04 g) and HOBt (1-hydroxybenzotriazole, 2.4388 g) with 

additional CH2 Cl2 rinsing. This mbcture was stirred for 15 minutes, and then a solution 

of 40.80 g dicyctohexyl carbcdiimide {DCC} in 200 ml.. CH2Cl2 was added in a dropwise 

fasnion to the reaction flask. vV!thin 15 min1Jte:s of the start of the DCC addition, the 

precipitation of by-i:irodud dicyclohexyt urea (DCU) was observed. Tlie reaction progress 

20 was. monitored by IR &~ectroscopy and no observable change was detected between 4 
. i ' 

and 5 hours ofreaction time. The e)(cess DCC was then quenched by the addition or 

50% aqueous acetic acid (5 mL.) and stirring was continued until the OCC absorbanee 

in the IR trace had disappeared (-1.S hr). The solution was cooled and the OCU was 

removed by suction filtration then the solvent was removed on a roto-vap to 30aC. The 

25 residue was taken up in etOAc and Wlll!i washed with 5% NaHCO ~ (3 x 400 ml) •nd tl'\a 

organic:: layer was refrigerated overnight. The 13roduct solution was washed again with 

5% NaHCO~ (1 x 400 mL), theri 2% triethylamine (1 x 200 mL), and flnally water (1 x 400 

• 14 -
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ml). The organic layer was treated with MgS0 4 , filtered. and then stirred over Amberlyst 

15 ion exchange resin (W form .. - 100 ml) for 1.5 hr. The resin was removed by 

filtration, and the product dried over MgS04 , filtered and solvent removed on tl'le roto­

vap. Residual solvent was ~urther removed by a Kugetrohr apparatl..ls (S0°C J 0.26 mm Hg 

5 I 20 min.). The viscous amber oil (74.1 g, 91% yield) was eharacteriZe:l by IR, 1H and 

,3C -NMR and found to be eonslStent with the exi:ieeted 5tructure. The ei:ioxy eontent 

10 

was measul'td as WPe = 481 (theoretical WPE = 443). 

/ 

EXAMPLE IJ. 

Preparation of a,~is(3-glycidyloxybenzamide of 
4,7,10-trioxa-1 113-trldecane dlamine (EPOXY F) 

The preparation of this compound was conducted similarly to that in Example I. 

The 3-glycidyloxybenzocic acid was prep2reci as described in Example I. To a 250mL 

multi-neck flask equipped with n:'agnetie stir bar~ thermometer, slow addition funnel and 

N3 purge was charged the S-glycidyloxybenzoie acid (19.6 g, 0.101 mole) in SO mL. 

15 methylene chloride. To this was added the diamine (11.01 g, 0.05 mole) anc 25 mL 

methylene chloride. A slight exocherm was observed. The reaction mixture was chilled 

ir. an ice bath ~o 0·5°C, when 1-hydroxybenzotriaz.ole {1.35 g, 0.01 mole) was added 

followed by the addition of a soh •• 1:ion of t.3-dicyclohexylcarbodiimide DCC {22.9 g, 

0.1111 mole) in 25 mL methylene chloride over 5 minutes. The additicn tunnel was 

20 rinsed wjth another 25 ml methylene chloride. The reaction temperature was held at 

. 15. 
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5-20°C. After 15 minutes evidence of dicyclohexyl urea by-product was observed. The 

reaction was monitored by IR and after three hOurs or reaction time the mixture was 

filtered and the solvent removed under vacuum on a rotary evaporator to 3oac. The 

product was dissolved in 200 ml ethyl acetate and to this was added a solution of 12 ml 

5 H20 I 3 ml acetic acid in three portions over 2 hours witl'I mixing to effect quenching of 

excess DCC which was cetennined by IR (2112 cm·i ). The organic layer was tnen 

wasl'led witii satufated NaHCOi (4x100 ml), and saturated Na2S0.11 (1x 100 ml). The 

,.....organic layer was dl'ied over MgSO_. and filtered over Celite. Tne solvent was removed 

under vacuum on a rotary evaporator to 801 C. Complete solve,,t removal was 

10 accomplished by placing the material on a Ku9elrohr apparatus to 90°C/0.25 mmHg. 

15 

The product was isolated as a viscous yellow oil (25.65 g, 90% yield). The epoxy 

content was measured as WPE: :11 :314 (theoretical WPE = 2S6). The ~roduct was 

charaderizad by IR and 1 H~NMR spectroscopy. 

elCAMPLE Ill. 

In thls example, glycidyloxybenzyl alcohols were reacted with dimer acid, sold 

under tl'le ttademark Empol 1024 by Henkel to form the bis(glycidyloxybenzyl) esters of 

dimer acid. 

Preparation of bis(3-glyctdyloxybenzyl) ester 
of dimer acid (EPOXY B~1) 

0 0 

. J--c-34-1( -
Mo. cy 
'--Z~ (0 . 

0 <1 
0 
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Preparatior1.a9f 3;!i!lycidyloxybeozvl alc<?bol; The epoxidation procedure was conducted 

similarly to that described ir: Example I. 

To a two L multi-neck flask fitted with mechanical. stirrer, condenser and 

thermometer was charged epichlorohydrir. (277 ml, 3.542 mol) and 250 ml methyl eth~:l-

5 ketone. The 3-hydroxyben:iyJ alcchol (200 g, 1.61 mol) was added as a solid rinsing with 

500 ml methyl ethyl ketone (MEK). Then the .cotassium carbof'\ate (320 g 2.31 mol, 

pra-aried to 120"C b vac. oven/3 hr.) was added as s powder. The mixture was heated 

"'with an oil bath to a mild reflux (-80°C). After six hours at reflux the reaction was 

determir.ed to be complete by the absence cf starting benzyl alcohol in the GC trace (5 

10 m glass capillary. 150 to 200°C at 1on I min). The mixture was cooled to room 

temperature and filtered rinsing with ME!K. The solvent was removed on the roto·vap, 

and the residue was redissolved in methyl lsobutyl ketone (350 ml}. The organic layer 

was washed with 5% NaOH (1 x 200 mL} and a severe emulsion resulted. The system 

was allowed to settle and the bulk of the aqueous layer was removed. T!ie organic layer 

15 was·then washed with 10% Na2S04 (5 x 200 ml) until the pH was -7. The organic 

layer was dried O\/er MgS04, filtered and the solvent removed on the roto-vap to soDc . 

. The product was collected as a dl$tillate on the Kugetrohr apparatus at 120 to 140°C I 

2.0 mmHg (earlier attempt distillation et 110DC I 0.1 mmHg). The clear almost coloness 

oil (190.6 g, 66% yield) was charar::teri~ed by IR, 1H, and 13C -NMR and was found to 

20 corrobotate assigned structure. The epoxy content was meas4red as WPE = 1 SO 
• 

(theoretical \NPE = 180). 

fclRicaW!l of the bisC3-glycidyloxybanzyl) ester of dimer acid (EPOXY B-1 ): To a one 

L multi-neck flask with mechanical stirrer, thermometer, istow add funnel, and Ni purge 

was charged 3-glycidylQXybenzyl alcohol (91.62 91 0.509 moi), and Ernpol 1024 dimer 

25 acid (143.71 9). To this was ac:sded 2!0 mL CH2C1z and DMAP (dimethylaminopyridine; 

0.61 &J, 1 mol pereent based on COOH), and the mixture immediately cooled in an ice 

bath to maintain temperature at 4 to 10°C throughout the reaction. DCC solution (DCC: 

- 17-
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104.65 g, 0.509 rncl in ~O ml CH2Cl2) was added dropwiseJhrough a slow addition 

funne' over a one hour period. At four hOLirS after the completion a·f the slow add the 

ester abSorbance was maximized and the DCC absorbance was miriimiz:ed in the.1R 

trace. Ttie reactior. mixture was then filtered and rinsed with CH2 C12. The filtrat~ was 

5 stirred aver 30 rr.L Amberlyst 15 ion exchange resin (W fonn) for 30 minutes and filtered . 

. To this filtrate was added 50% aqueous acetic acid (5 ml) and this was stirred until the 

DCC disappeared in the l~ trace (30 min). io this was ;added solid NaHCOa with itirring 

,....until the pH was -7. This was filtered to remove salts and the filtrate was storeci in the 

freezer ovemight. The organic layer was dried with MgSO ... and filtered rinsing with 

10 CH2Cl2. The solvent was removed first on a roto-vap, then on a Kugelrohr apparatus to 

15 

110Dc I 0.25 mmrlg. The final prcduct was a browl'1 oil (217.8. 96% yield). and was 

characterized by IR, 1 H. a~d ' 3C -NMR spectroscopy which corroborated the assigned 

structure. The epoxy content was measured as WPE = 448 (theoretical WPE_ = 453). 

Preparation of bl11(2-glycidyloxvb•nzyl) ester 
of dimer acid (EPOXY B-2) 

c 0 . 

)-- c -34 .-J..... ·-

c;~ ·JD 
Preoara~on of 2-!j!lycidyloxvbenzyl aleohOI: This compound was prepared as described 

above except that the starting phencr was 2-hydroxybenzyl alcohol. The product was 

isolated and p1,;rified by distillation (36% yie!d). Charae~eriz.ation was accomplished by I~ 

and 1H-NMR spectroscopy. The epoxy content was measured as WPE = 180. 

20 · PreearaUon pf the bj§{2;gi'fcidyl~benzyl! 1uter pf dimer acid: Tl'lis material was 

prepared exactly as described above except that 2..glyeidyloxybeniyl alcohol was used. 

- 18 -
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The product was isolated in 90% yield and was characterized by IR and 1H-NMR 

spectroscopy. The epoxy equivalent weight was measured as WPE = 456 (theoretical 

W?'E = 450}. 

Preparation of bis(4-glycidyJoxybenzyl) ester 
5 of dimer acid (EPOXY 8-3) 

Preparatiqn of 4-glycidyloxynenzv! alcohol: ihis compound was prepared as described 

above except thet tne $ttn:il"lg phenol wa~ 4- hydroX'/benzyl alccnol. The product was 

isolated and purified by distillation at wh!ch point the material formed a white cry.stalline 

solid (45% yield). Characterizatiori was a.:eomp!ished by IR and 'H-NMR spectroscopy. 

10 The epoxy content was measured as WPe = 179. 

Preparation of tbe bisl4-g!Yciqvloxybenzyll i§t§r of dimer .acid: ihls material was 

prepa~d exactly as described above except that 4-g1ycidyloxybenzy1 alcohol was used. 

The product was isolated hi 91% yie!d and was characterized by IR and 1H-NMR 

spectroscopy. The epoxy equi"Valent weight was measured as W17E = 445 (theoretical 

15 WPE = 450). 

EXAMPLE IV 

In this example, the dllsocyanate from dimer acid {said under the trad~name COip 

1410 by Henkel) and 1,12-<lilsocyanatododecane were reacted with 3-g!ycidyloxxbenzyl 

alcohol to form the corresponding cart>amatas. 

- 19 -
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Preparation of bis-0-(3-glycidyloxybenzyl)carbamate 
of dimer diisocyanate (EPOXY D) 

0 0 

)-N-C • 36-N_/( c;r-0 H H oy 
o'-<j Jo 

0 

i)l(j :>I .I< :\.\!' l i~J<.; #~;.! 
....,; I'--'' °"9""t 

Dimer diisocyanate (DDl-1410, 146.52 g, 0.4898 mcl NCO) was weighed directly 

into a 500 mL multi-neck flask equipped with mechanical stirrer, thermometer, and ~ 

5 purge. Then, 3-gtycictyoxlbeniyl alcohol (90 g, 0.4996 mol) was added along with 150 

ml roluene. To this non-homogeneous mixt'Jre was added ona drop of dibutyl tin 

dilaurate (OBTDL) from a plastic disposable pippette. The mixture became complet~ly 

clear arid homogeneous 20 minutes after the addiiion of the DBTDL. A mild exotherm 

to 2aac was observed while the flask was immersed in a cool water batn. The 

1 O temperature was not allowed to pass 30°C. After 7 hours of reaction time (disappearw 

anoe of NCO in the IR trace), the reaction mixture was passed over a silica column 

prepared in a one L slew add funnel by first slurrying -250 mL of 30-60 mesh silica In 

EtOAc then layering on top of this -150 ml of 70-230 mesh sillca. The product was 

eluted with -1.5 L EtOAc. The solvent was removed on a roto-vap, then on a Kugelrohr 

15 apparatus to 128°C J 0.1 mmHg. The product was a pale yellow viscous ail (231.5 g, 

98.6% yield) that solidified upon storage in a freezer and that was structurally confirmed 

by IR, 1H, and 1:1C-NMR spectroscopy. The epoxy content was measured as VVPE = 475 

(theoretical WPE = 479). 
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Preparation of bis~0-(3..glyctdyloxybenzyt)carbamate of 
1, 12-dflsocyanatododecane (EPOXY K) 

!.JKUI & .\.,\I> l ER: 11:.H 
w. '-........... ., 

Into a 100 ml flask equipped with a thermometer, and magnetic stir bar, and · 

sealed to the environment with rubber septa was weighed 1, 12·di:soeyanatododecane 

5 (14.58 g, 0.0577 mole) 3 .. g1yeidyloxybenzyl alcohol (21.8f1 .Q. 0.121 mole) and 32.5 ml 

toluene. The cloudy mixture was stirred at 10-20°c In a cool water bath when Clibutyl tin 

· dilaurate was introduced by dipping the end of a 9 inch glass pipette into ttie tin catalyst 

and then mixing the end of the pipette into the reaction mixture. After mixing for 5 hours 

the mixture became a solid white mass. The solid was. broken up with a spatula and 50 

1 O ml toluene was introduced to facilitate stirril'lg. After a total of 7 hours reacttcn time, an 

IR trace indicated ~l'lat essentially all isocyanate functionality had reacted. Toluene 

{BOmL) and methylene chloride (160 ml) were used to transfer tne milky ·mixture to a 

single neck R B flask. Solvent was removed on a rotary evaporator to 80°C. 

Subsequent removal or solverit al'ld unreacted alcohol wa$ carriea out on a Kugelt0lir 

15 1pp1ratus lo 120"C/0.1 rnmHg. The product was isolated as a white solid in 99% yield 

and charaetel'iZed by IR and 1H-NMR spectroscopy. The epoxy equivalent weight ·was 

measured IS \IVPE = 319 (theoretical WPE = 308.S1). 

EXAMPLE V 

In this example. glycidyloxybenzyl alcohols were reacted with various flexible 

20 cHacids. 

- 21 • 

I 



"""-~ C.l ·t..JKL.:.u \.\t ... \J lt..l'\. • D- •J- . .Jt1 . i(:S.·:..:.~1 • .,..z·o.J d~J ~J~1~~uacs:...:t- dKL:. \~ .~ ,.-\! i L.:.~ • ,:; :..~) 
u-· """"'I' _,11,.,1 ..... ...L. .. C..."'-ii I IM~~= 1n1 'II~ u.; P.L..: ~ I ,..., I'-• I I !I• ;...'~,...,-~ ~ '- -. '--'' -.~ 

Preparation of the bis(3·glycidyloxybenzyl) ester of a mixture of 
undecanedioie acid, dodecanedioic acid, and sebacic acid (EPOXY G). 

0 .J.-{ CH2~0 . 

~ n~ 
Y noB,9,10 ~ol_ · 

~o Vo 
0 

The mixture of undecanedioic acid, ciodeeanedioie acid, and sebacic acid is 

available under the traderiame CORFREE M1 from Aldriot'I Cl"lemical Co. and is a 

5 DuPont product. The bis{3-glycidyloxybenzyl) ester was prepared as described above 

except that the CORFREE M1 was used iii place or the dimer acid. The product was 

10 

isolated in 98% yield and characterized by IR and 1H-NMR !pectrosco~y. The epoxy 

equivalent weight was measured as WPE • 289.4 (theoretical WPE • 266.5). 

Preparation of the bis(3-glycidyloxybenzyl) e.ter of 
311,9-trioxaundecanediolc acid (EPOXY H) 

· .J._.,o...........,...
0
.....-.....;,..o'---'( . 

p . o~'-va 

...;--The. 3,6,9-trfoxaur.decanedlolc aoid is an .. perimontal material avaiable from 

Hoechst Celanese and was used in place of the dimer acid. The trioxaundecanedioic 

acid (30 g) and 3-g!yeidyloxybenzyl alcohol (44.54 g) were mixed and treated with 

dicyclohexylcarbocliimide (50.88 g) and catalytic4-dimethylaminopyridine (DMAP) (0.2998 

15 g) in methylene ehloride as described above. The product was isolated In 89 % yield and 

- 22-
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5 

characterized by IR and ~H-NMR spectrosccpy. The epcxy equivalent weight was 

measured as WPE = 285.1 (theoretical WPE = 2BS.3). 

Preparation of the (3-glycidyloxybe~I) ester 
of octanoic acid (EPOXY I) 

~a~ 
Compound I lA~ 

This product was prepared &imilarly to epoxy a and H and is useful as a reactive 

diluent. Octanoic acid (30 g) and glycidyloxybenzyl alcohol (38.24 g) were treated under 

the dlcyelohexylcarbodiimide (43. 74 g) dehydrative conditions with catalytic DMAP 

(0.2572 g) in methylene chloride. Tlie product was isolated as described aboVe in 98% 

yield al"ld characterized by IR and 1H-NMR speotroseol)y. The epoxy equivalent weight 

10 was measured as WPE = 305.2 (theoretical VJ?~ • 306.4). 

Preparation of the (3-glycidyloxybenzyl) ester derived from 
poly(tetrahydrofunan) trimer (EPOXY J) 

• 23'-
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To a 250ml t'lask with mecnenical stirrer, thenncmeter, condenser, and N2 p1.1r9e 

was addlid poly(tetral"lydrofuran) trimer (available from BASF, polyTHF-250 ; OH# = 

479.2; 25 g. 0.213 mole hydroxv ~nctional!t'J), succ:inic anhydride (21.5 g, 0.2156 mole), 

and tol:,1ene (20 ml). Heat was applied to maintair. a mild reflux. After 3.5 hours of 

5 reaction time. the anhydride absorbance had disappeared from the IR ~race. The mixture 

was cooled. and to t~is was added an additional 70 ml of toluene, 3-glycidyloxybenzyl 

alcohol (39.32 g), and DMAP (0.2648 g). This mixture was further cooied to O;.S°C at 

,...whlcn point the additior. of a OCC solution (44.ao g DCC dissolVed in 50 ml toluene) 

was initiated. Tne addition was completed after 35 min1.1tes, al'ld the mixture was stirred 

10 for a further 4 hours. The IR trace snowed no change in DCC or ester absorbance from 

the previous scan, and so the reaction was filtered to remove dicyclohexyJ urea by-

product. Amberlyst 15 (W form, 14 ml) was added, stirred for 30 minutes. and filtered. 

Acetic acid (2 :nL of a 50% aqueous solution) was added and stirred until the residual 

DCC peak was absent from the JR trace. SoJ1d sodium bicatbonate and then sodium 

15 carbonate were addec until a pH of 7 was achieved. The mixture was filtered, dried over 

MgSO..,, refiltered, and tlie solvent was removed on a rotary evaporator. Residual solvent 

and unreacted benzyl a_lcoilol were further removed on a Kugelrohr apparatus to 

122°C/0.1 mmHg. The (:)roduct was isolated in 96% yield, anti characterized by 1H-NMR. 

!R spectroscopy, and found tc have an epoxy equivalent weight as WPE = 394 

20 (theoretical WPE • 380). 

SXAMPL.E VI 
COMPARA11V£ 

This example gives the preparation of comparative $amples o1 epoxy resil'IS that 

do not contain the terminal phenyl groups. 

-24-
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Preparation of the bis 0-(glycidyl)carbamate of 
dimer dilsoeyanata (EPOXY C) 

0 0 
0 )-N-C .. 36-N-( 
~OH H0~9 

Compound C. "I 

'~"' _., <.\t. ·• ' ' '1 ·.L'\. • ,_. _:) 
- • &..-..J• ........ 

Dimer diisoeyanate (DOH410, 200 g, 0.6686 mol NCO) was weighed directly 

into a 500 ml multineck R e flask which was equipped with mechanicar stirrer, 

5 thermometer. aoo N2 purge. Then, glycidol (68 ml, 1.003 mol) was added along with 

100 ml toluene. To this non-homogenecus mixture was added one drop of dibutyl tin 

dilaurate (DBTL) rrom a plast!c disposable pipette. The miXture became completely clear 

and homogeneous 80 minutes after the addition of the DSTOL. An exotherm to 30°C 

was observed while the flask was immersed h a eool water bath to which was added 

10 some dry ice to keep the temperature below 30"C. After 7.5 hours of reaction time 

(disappearance cf NCO in the IR trace), the reaction mixture was passed over a silica 

celumn prepared fn a 1 L slow add funnel by first slurrying -250 mL of 30-60 mesh silica 

iri EtOAc tnen layering on top of this -150 mL of 70-230 mesh silica. The product was 

eluted with - 1.5 L EtOAc. The solvent was removed on the roto-vap, then on the 

15 Kugelrohr apparatus to 80°C/2.0 mmH!;. The produet was a pale yellow viscous oil 

(245.6 g, 99 8% yield) and was structurally confirmed by IR, 1H, and 13C·NMR 

spectl'O$OOpy. Tlie epoxy content was measured as WPE = 405 (theoretical WPE = 
368). 

Preparation of dimer acid diglycidyJ ester (EPOXY E) 
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This matefiaf can be purchased commercially as t;PON 971 from Shell Chemical 

Co. or prepared in a low ch!orine contaminated version as described beiow. In either 

case the material behaves similarly with respect to cure rate and thermal stability. 

Preparatiori of the diglycig:t;I este!" of dimer acid CEmcol 1024) with low chlorine: 

5 A multi-necked round bottom flask equipped with mechanical stirrer, thermometer, N2 

purge and slow-addition funnel was charged 'Alitl'I 50.00 g (0.0868 moles) of Empol 1024 

"dimer acid, 19.29 g (0.2604moles) glycidol, 200 ml of toluene and a catalytic amcunt 

(0.212 g , 0.0017moles) of 4--dimethylaminopyridirie. The reaction was cooled to o-s·c 

and to this was added a solution of 36.48g (0.1771 moles) 1,3-dicyclohexylearbodiimide 

10 in ~oo ml of toluene over a period of 1 nour. After the slow-add was complete the 

reaction was heid at o-s·c for 15 minutes. The reaction solution Wa$ ~hen held at 1 O • 

15·c for two hours. The reaction was determined to be complete by IR (presence of 

ester at 1735 enr') and the disappearance of tl'le 1,3-dleyciohexylcarcoallmide (2120 cm· 

,,_ The product solution was then cooled to 0-5"C , held for 15 minutes then filtered to 

15 remove the i .3-dlcyclohexylurea by,:iroduct. The product solution is then chilled to 1 O· 

1s·c with stirring and to this was added a solution of 20 ml of 50:50 water : methanol 

and 34ml of Amberlyst 15 {H' form). The reaction was then tilteted and the solvent was 

removed using a rotory eva~rator under reduced pressure. The product was then 

dissolved in 30 ml toluene and stored overnight in a freezer. 'lj1e following day the 

20 solution was filtered cold, then the .solvent was retrioved ueing a rotory evaporator under 

reduced pressure. Residual solvent and any remai'ling ·glycidol were subsequently 

removed using a kugelrohr apparatus (SO'C/0.1-0.2 mmH.g vacuum ). The product was 

isolated as an oil (46.489. 78% yield) ard was characterized as follows: IRspectrum: 

ester at 173~ cm·1
• Epo>ey equivalent weight: WPE • 359 (theoretir;ail= 344). 
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lJJ:<l.:.t\ & .\.~!-' l ER; ,;:Jli 
..;. ~"'' ..,...,, 

Example VII 

Chlorine Content of Samples 

Several samples of epcxy resins were tested for total chlorine and hydrclyzable 

chlorine content according to the test met~ods described in this specification. and tne 

5 results are tabulated here. 

10 

~5 

CHLORINE CONTENT OF EPOXY RESlNS 

/EPOXY Total Hydra~yzable Bound 
Chlorine (ppm, Chlorine (ppm> Chlorine 

(ppm) 

A 283 26 257 

B 319" 39 280 

3-glycidyloicy-
benzyl aleohol 805 82 723 

c 282 1SS 97 

0 974 352 322 

In the abo11e tebte, the values for the :3-~lyeid~loxybenzyl alcohol and for 

EPOXY B from which it is derived indicate that the bulk of chlol'ine contamination 

. . 
comes from the starting alcohol. The chlorine content of EPOXY Bis nearly identical 

to the calculated dilution factor accounting for the increased weig~t when tl'le alcohol 

20 is converted to this ester. For example, 805 ppm x (360/9061 = 320 ppm. Tf\ere-

fore, any purification manipulation thet ean be carried out to reduce the chlol'ine 

content of the 3~glycidyloxyberi~yl eleohol will result in lower chlorine contamination in 

the final flexible epoxide product. 

Py!ffication of 3-gi'lcidylotc:vben:zyl alcohql: In ar.ottier preparation of the 3-glycidyl-

25 oxyben;eyl alcohol as described above, the product was ehe.racterized by 1
H-NMR and 

found to have a WPe 1111 178 and ~otal chlorine • 317 ppm and hydrolyZable chlorine = 

-27. 
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120 ppm. This prcdvct {50 g) wais added with 1'ethyl isobutyt ketone (SO mL) and 1 N 

KOH (50 mL) to a 250 ml flask equipped with mechanical stirrer and thermometer. 

The mixture was stirred well and hea::ed to 40 - 45°C far 4 hours. The flask was 

eocled and the contents transferred to a sepa!'atory funnel. Tl'le phases were 

5 separated and trie organic layer was washed with 10% Naso, (3 x 100 mL} until the 

pH = 7. The orgaric layer was dried ·over MgSO,, filtereCI, end the solvent removed 

on a rotary evaporator. The purified product was distilled ori a Kugelrohr apparatus at 

/110i:iC/0.25 mmHg. The purified materlal was found ta have a WPE = 177 and total 

crtlorine = 129 opm and hydrolyzable chlorine = none aetected. If this purified epoxy 

10 alcohol product was usea ta generate EPOXY 6, then EPOXY B would have a total 

chlorine = 51 ppn-.. Calc:.ilated as fallows: ·129 ppm X (360 I 906) = 5~ ppm. 

EXAMPLE VIII 

Flexibility, Strength and Snap-Cure of Epoxies 

The suitability of these epoxy resins for use in mietoelectronlcs applications 

15 was tested by measuring ttie;r flexibility and strength after they are formulated with 

silver flakes and used to bond siliccn chips to a metal lead frame substrat$, 

Adh!§ive Formulations. The sample epoxies were formulated into a die 

attach adhesive comprising in parts by weight: 70 parts. epoxy resin, 30 parts Bis­

phenol A diglycidyl ether (Bls·A) (sold under the tradename EPO~ 828, a product of 

20 Shell Corporation). 5 parts 2-ethyl-4-methyl imidazole (2E4MZ); this formulation was 

admixed with 80% by weight silver flakes until the silver was fully wetted out. The 

mixture was degassed under vacuum at room temperature for 15-20 minutes. and 

t!'len allowed to sit at room temperature with frequent stirring far 60 minutes. 

Measurements of flexibility and strengtn were taken on the cured epoxies. 

25 Flexibility was determined by measurit'lg the radius of curvature. which was greater 
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than 300 mm. (The nigher the radius of curvature, the less chip warpage. which in 

turn implies a flexible adhesive.) An indication of [he fle><ibility was atso provided by 

the glass transition temperatures (Tg), which were iow for the cured epoxies. 

Strength was measured as die shear, which is the force required to remove a bonded 

5 c.'iip from the metal substrate; tor these epoxies, the die shear was greater than or 

equal to 10 MPa when snap-cured and greater than Or' equal tc 25 Ml='a when oven-

cured. As determined by the time needed to 100% cure, these epoxies could be 

,....snap-cured. 

Die Shear. Silicon chips (80 x 80 mil2) were coated on one side with the 

1 O adhesive fotmulation and placed on a copper iead frame (OIL) and cured in a 175oC 

oven for one hour. The samples were tested after cure tor die shear strength at rocrr. 

temperature (RT). Die shear strength was measured using a Hybrid Machine 

Products Ccrp. die shear tester {Model 1750)1 Chatillon DFI 50 digital force 9auge. 

The force required. to remove the bonded' die was read iii kg units, and converted to a 

16 die shear strengtn in MPa averaged ever ten samples. Preferred die shear values 

are those of e Ml='a or greater. Snap-cured samples were orepsred similarly, except 

that the specimens were cured Ol'I a ~re-warmed hot.plate at 180oC. 

Radius of Curvature. Each epoxy to be tested was prepared, degassed, and 

aged for one nour as described 1bQve. Silicon cnips (200 x 600 mil2) were i;oated 

20 with adhesive on one side and placed on a lead frame and cured in a 175oC oven tor 

one hour. The radius of curvature for the cured samples was measured using a 

Tokyo Seimitsu SURFCOM surface texture measuring instrument and repcrted in 

millimeter (mm) units. averaged over three samples. Preferred radius of curvature 

values are those of 300 mm or greater. 

• 29 • 
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Glass Transition Teme1rawr1. Glass Transition (ig) temperatures were mea­

sured using a Park:n Elmer OSC. In the case of neat resins, the sample was 

oreheated to 50°C and then quench cooled to -ro•c. It was then heated at a rate of 

20°C per minute until the Tg was reached. To measure the Tg of the cured rosins. 

5 samples were formulated with Spph 2-ethyl-4-methyl imidazore and then heated to 

2C0°C tc ensure fuCI cure. After ciuencM cooling to ·40°C. the samples were heated at 

a rate of 20°C per minute until the Tg was reached. 

The die shear strength, time to snap-cure. radius of curvature and Tg for 

several of the samples are set out in the following Table 1. 

10 Table 1 

EPOXY DIE SHEAR (psi) Time ROC (mm) Tg DC 

15 

20 

to 
Oven@ Snap@ Snap Cure Neat 

175° 110° 

A chip failure 38.3 1.0 min 316 -10.73 

B 35.2 15.4 2.0 404 -51.10 

c 16.3 5.7 1.0 490 ""4t0.03 

i D 32.0 11.3 1.5 323 -28.97 

E 17.3 4.7 .2.0 344 .39,97 
t 

G 42.5 17.4 1.25 334 

G• 2.8.6 11.8 1.75 498 

H 32.3 13.6 1.5 428 
·neat ~ not as 01ena wl brs A e o p xy 

EXAMPLE IX 

Thermal Properties 

DSC Arialysis~ Several of tMe sample epoxy resins formulated into adhesiVes 

were tested for their ability to be snap-cured by.OSC analysis using a Perkin-Elmer 

25 Differential Scanning Calorimeter. OSC measures the onset and end of exottierm, 

I 

Cured 

51.93 

-9i46 

-17.63 

16.82 

-25.~1 
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whleh is commensurate with cure. The formulations. as described in example VIII, 

were cured in the DSC pan on a hop plate at 1 SOoC ·for a prescribed time. a OSC 

trace was tnen run to determine the extent of reaction, which is extrapolated from the 

residual exornerm: 

5 X 100% :;::; o/o cure 

Curing times that occur in a span of 5CoC or less ir.dieate that those formulations can 

be snap-cured. The onset and end of exotherm for the samples is given In Table 2 

and shQw t!iat several of the epoxies, when used in an imidazole-catalyzed rormula-

1 o tion have the capability of being snap-cured. 

15 

20 

Data from the OSC cuNes were plotted as percent cure versus time in Figure 

1, and again snow that the curing rate for the inventive compoune!s meet the require~ 

ment fol" snap-cure. As will be i.,;nderstood. the steeper the slope of the curves. the 

faster tfie cure. For the tested samples .. the order or curing was c ... A>D>B>E. 

Table 2 

EPOXY ONSET END OF PEAK 
OF EXO EXO OFEXO 

e 79°C 198°C .. 130.0°C 

A 100.C 148.S 131.0 

B 97.0 199.0 146.7 

c 92.4 148.4 124.2 

D 100.7 148.4 129.7 

G 108.7 157.8 141.0 

H 125.4 169.8 147.2 
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AH 
kJ/mol 

139.9 

83.6 

76.2 

87.2 

84.6 

82.0 

64.9 
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TGA Ana(Vsis. Thermogravimetric: analysis (TGA) was perfOrmed on several 

of the samples using a Perkiin Elmer TGA unit. TGA is a measure of the loss of 

weight when a sample is subjected to a heating cycle. The formulations described in 

Example VIII were subjected to analysis under a heating ramp of 30o to 2COoC f.or 50 

5 minutes at an increase In temperature of 1 Oo per minute, and a 30 minute hold at 

200oC. The resuits are given in Table 3 and are graphed in Figures 3 and 4 and 

show th•t ~e sam~les exhibit far superior thermal stability either as l'IHt materials or 

.. ..-even more notably in the presence of an imidazole curing catalyst. 

Table 3 

10 EPOXY TGA TGA TGA 
% wt loss % wt loss •k wt Joss 
to 175ac to 200°c 

TGA 
% wt loss 
to 2oo•c o 200°c 

10°/min 10°1mln 30 min hold with 2E4MZ 

; E 0.548 1.41 4.25 3.356 
4 

A 0.108 0.299 0.93 0.303 

B 0.269 0.547 1.70 0.377 

I 
c 0.588 0.682 7.70 1.398 

D 0.034 0.198 1.34 0.314 15 

. ~. 
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We claim: 

* C L M S * 

1. A flexible epoxy compound having the structural formula: 

1-a[?-Q -{?tL~ob/• 
"'-

( _, Q·ot~/~~ 
'"' A.1 11 +- - . 

I - o 

5 Q is 

0 

~O-~-NIJ ~ 

0 

~ II o- ('.,- k) 

where " indicates the point of attach to the flexible chain; and 

the flexible chain is a C~040 alkylene or alkyler.eoxy group; and 

n is arc integer 1-3. 

2. A flexible epoxy compound according to claim 1 having the structural formula: 

·-·-· 

o~ 0 . 0 

~o~~-C .. 36-~ _o~ 
·U I 

- S3 • 

h 
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3. A flexible epoxy compound accorCling to claim 1 having the structure: 

/4. A flexible epoxy compc1.1nd according to claim 1 having the structure: 

5. A flexible epoxy compound according to claim 1 having the structure: 

>---C-34-( p-o o~0 "o . . ~c 
6. A flexible epoxy compound according to claim 1 having the structure: 

0 0 

., N-C-38-N~ y yrH H o lo 

o~ J 
0 

• 34-
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7. A flexible epoxy com,;ound according to claim 1 having the structure: 

/ 

8. A flexible epoxy compound according to claim 1 having the structure: 

9. A flexible epoxy compound according to claim 1 having tne structure; 

5 10. A flexible epoxy compound according to claim 1 having the structure: 

·-
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11. A flexible epoxy compound according to claim 1 having the structure: 

_,,,. 

"l 1. An adhesive for use in microelectronics applications containing a flexible epoxy 

according to claim 1. 
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