DESCRIPTION Title of Invention: 5POLYVALENT CARBOXYLI C ACI D
COVPOSI TI ON AND PROCESS FOR PRODUCI NG THE SAME, AND CURABLE RESI N
COVPCSI TI ON CONTAI NI NG THE POLYVALENT CARBOXYLI C ACI D COVPCSI TI ON
Techni cal Field 10[ 0001] The present invention relates to a
pol yval ent carboxylic acid conposipykgnratfhabl e for electric and

el ectronic material uses and a process for producing the sane.
Furthernore, the present invention relates to a curable resin
conposi t ife 60MéttitnAg t he pol yval ent carboxylic acid conposition as
a curing component. 15 Background Art [0002] A pol yval ent
carboxylic acid possesses excellent performance as a crosslinking
agent p a condeROLNYAIdANT CARBOXE LIC ke IDsOOMPRSITOIONaAINDPROCESS FOR

condensatﬁb@g@ﬂ@%&%ﬁﬁ%ﬂdﬂ%ﬁhﬁmm EOMPESIHRRY ERINTAINING

stability, ricC properties em cal résistanceé an

like. Thud PQ@YX&IG‘EN]B§P&B X¥1Ldd ARIDCOMROSITEANAs a raw materi al
for polyner production and has been increasingly w dely enployed.
Mor eover known that a pol yval ent carboxylic acid can be al so
used as arﬁlﬁ??fﬁigl%gent. 25[ 0003] A curable resin conposition
contapni ng an @POXy resin has been utilized in the fields of

archi tecture, vi | rin ut o raft and the |i
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t herebpy extrenmely high properties are required al so for packagi ng
mat eri al s incl udj an epoxy resin as a representative.
Furt herrrg‘a%kgr?‘t‘f‘dr‘g'gent years, attention is focused on utilization in
opt o- el ectroni[©80Z] ated fiel ds. Parti cularly, with recent highly
advanced i nfor ocess enor S
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general , as a urln t fo eS|n to.be sed | suc
fields, acid %’r i E‘E%fé{ﬁla&?gﬂ% ORI RGID RARDE %Lﬁséll‘l y,
an acid amhwdmmde forned of a saturated hydr ocarbon is frequently

used,since it bﬁoﬁxcel lent in light resistance (for exanple, see
Pat en Documar{t and 2).. As these acid anhydrides, alicyclic acid
anhydri des suchcurgblesesiy compesitjiel eptainiat ian capwsyssindes been utilized in the
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Based on this situation, in the fields of optical components such as optical waveguides,



30at a severe case, there arises a problemthat a wire may be
exposed. Furthernore, since cracking and peeling occur in solder
reflow or curing becones insufficient, there is a problemthat it is
also difficult for the resulting cured material to endure |ong-term
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addi ti onchedtésOs Bt @1&1&1@1{1&@ oBialn 4 &lred BREERERAVESE Byjeéthe detfolraimdag

formul a gtlzadl [Chem 1] R2/ R2 R2
[0005]

25 The influence on the cured material by the above volatilization remarkably appears
at the time when an LED, especialty an LED used for SMD (Surface Mount Device) is
encapsulated with a cured material in which a conventional acid anhydride is used as a
curing agent. Since the amount of a resin to be used is small in the encapsulation of an
LED, a hollow may be generated when volatilization of the acid anhydride takes place and,

30 atasevere case, there arises a problem that a wire may be exposed. Furthermore, since
cracking and peeling occur in solder reflow or curing becomes insufficient, there is a
problem that it is also difficult for the resulting cured material to endure long-term lighting.

Related Art
35  Patent Document
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Patent Document 2: JP-A-2008-063333



-Si- RI-OH (1) Kkl R2R R2 wherein Rl represents an al kyl ene group
having 1 to 10 carbon atons in total which may have an intervening

et her linkage; R2 represents a nethyl group or a phenyl group; and n
5 represents a repeating unit, weight-average nol ecul ar wei ght of the
conpound represented by the formula (1) being 500 to 5000, with a
conmpound ( b) contiﬁnl ng one or nore carboxylic anhydride groups in

t he nol e ol 8‘&al ent carboxylic acid conmpound (K) obtained
by addi t iFasbleaed BoSobleddy tRshbvesitidined al i phatic pol yval ent al cohol

(c) having two @ro re functional al coholic hydroxyl groups with a
conpound (d) hL Zgoone or nore carboxylic anhydride groups in the
mol ecél e. ( Pyr stkb ppailgrug laemdthadbofbising 4 polacilentcorpoaglit dadhane caning ng

t 1

o SHEIELEBANE IRl O 08D B0 et
(3) The WWhZﬁélﬁtm@a’r qgsesyduiedo Eeirdydengso brading and Bws di ip ey sliflipplt gp use
((51 gl) dagﬁxe%?@ggrlggaggﬁggﬁgg%ﬁ] u {lﬂ%rdepio @MOJ#S? g?;:’r@ol@iﬁcﬂﬁe MvehRASbS MBE

met hyl heyPéWEItrIBBEFﬂ“W& ¥e wﬁ%ﬁareﬁ Red aﬁﬁm%wﬁﬁg?wﬂswww&c acidasa

cycl obexanfind agsnd- t Howavdaoixythd casaef okidg Rsmﬂhxyeibasd& cabdxylic a01d as a curing

ELF%ELFE%@Z@%@%@@? B oot b B b 2RI Syl furh view of
wher ei n tchise edingsoeness ap) yeséatahct &) corsemgas pblyneadnpha%not obtamed Thus,
ot ! heXENA RN AR Blating Sber IE nPUL L SO aFRE RN |
acid composition accor |ng 0 an one~o ? above ereln

t he conpound (Eyrthesmareyén Giing eheroanasBoAnCHERG FRXY rgs(gnsso’ptgﬁ@ cBYed
groups, ZeatérllPhre pesrRab befbritthe akds PRI BIBuplhegdBasToakidie bei ng S
to 20. (6) A @) ﬁg]ess for pr oduci ng the pol yval ent carboxylic acid
conposition ac 9 ng to any one of (1) to (5) above, which

conpri ses: An objidt ofyht beeseaipentioss is(tb previde 4 dolyhaentrgrionglioacidor e

Che ot |1 CEmBOUHPH pfendh s med ol RS Gk Bttt sy SRLHRAE! Afbres
al cohol Ileaxedmeptenials exceHentdn heateesistanse, light odststanse igsistonsd togouapise aamd
Si Wééa%@ﬁﬁéanoﬁ aaws\é'aaﬁes@wne;éﬂ&mqgﬁﬂegpaﬁcﬁ@g&b% 161 rb&@mﬁg {HeGRRg. gl !

(a) wthithe corrpoun (b) the addition reacti he” conpoun
(c) wit hM‘PiféOY%rﬁ?S thegobigst of thy prpseat W%%ﬁftwromdoﬁowv e fasn composition
pol yval erabntﬁmr%twbbryval@npbmnsaélﬂ@mpsﬁﬂmdl ng to any one of (1) to
(5) above conprises sequentially reacting the follow ng step
(A) and step (B) in one pot: Step (A): a step of addition
react i on Mdant frr Sl¥ing dreeProblemsa) wi th the conpound (b) 5 containing
one o¢ nore ca@ggg]yl i ¢ anhydride groups in the nolecule; Step (B): a
step of additi'on reaction of the saturated aliphatic polyval ent

al cohol (c) ha’i?lnqueﬁmblm'lenmmrtﬁirﬁedﬂmltlemeaklvabmdiwhnderhlyedsmmybn dewmripsd

with the orrpo nd one or re carboxylic anhydride groups
in the nﬁ VER"E acc (r%éllst%ﬁ%hﬁ%%sggtsmy %r oduci ng t he pol yval ent

carboxylic am'ﬂh@oﬂﬁqﬁ@bhﬁﬁv@ﬁ@g&aaﬁegmo 10(6) or (7) above, wherein
the addition reaction is carried out at 40 to 150C with no solvent or
in an organic 98i%ent in an amount of 50% by wei ght or | ess based on

the {pt ak;@mouploi0fa168R6fHoRPiSHES LR &Hid bdnl}fisiw materials to be

used.
a carboxylic acid compound (J) obtained by addition reaction of a silicone oil (a)

represented by the following formula (1):



(9) A curable resin conposition containing the polyval ent carboxylic
acid conposition according to any one of (1) to (5) above and an
epoxy resin. 15(10) The curable resin conposition according to (9)
above, wherein the epoxy resin is an alicyclic epoxy resin and/or an
epoxy grqgﬁéco aining silicone resin. (11) The curable resin
conpositi e rding to (9) above, wherein the epoxy resin is an
epoxy group-containing sjlicone resin. (12) A cured materi al
obt ai ned by curing thR,dural®e\resmy conposition according to 20any
one of (9) to (11) ab¢vge. Effedts qf the Invenﬂ(nz{0012] The

pol yval ent caH@oxyR-eSiaeOd—SIFp0s+8i-60/REeiOMhe presenl )i nvention is
useful as a 25curing &gent fbr fepojy resins. Particularly, the
curabl e resin conposif2on ofRzthe pResent invention not only exhibits
extrenely less volatility of the polyval ent carboxylic acid conponent
as a curing agent in a tenperature region that is usually adopted for
curing epoxy resins but also is excellent_ in heat resistance, |.ight

r esi st anc¥erein Bs gensencaisiapatiodenc grewn havingbia B easbomalpps 1y fpdal which'may

per meat i gye gl?ﬁltgﬁga%?ge@tﬂgr fiflg gk rtz%%fgs%tdo@}%ﬁl g@hg%@awﬂﬁig@@?aﬁ i

conposition o esent” | nvéntioh i s us . raw nat er i
nmodi f ber réweseptiarepsatiaghwnii weight-anshrasdnelecul arl el ghtend dgpearnpavind gepressinted

for sem gondugtors, .0 em conductors, resins for die-bonding
mat eri al ;Bygge %’ﬁﬁuiaa(llfgééﬂégé%gou%q fs, polyimde resins and the |ike, a
pl asti ci afith fcdofrund &b) duditadhing bawormber dagboxyHo antntdeiklsrdhasén tiermolecule

medi canent s and pesticides, a raw material for resins for paints, and
a resin P8¢ toners. 35 Particularly, the polyval ent carboxylic acid

conposi tion i s, gyt AeR! c)é_rB&?ﬁél hci@SoRp&id (RY oBEBRHA HyodddeRMDbadtRBIoTS
for encapsul ation of optical sem conductors including, a highl

| uni ABus semrates alipbatig pelealentiadeohs! (§) h@éﬁ&w@@ppwé}mﬁ&@h@éolﬁicw&%ql

ability . ) i - hj : rj.al s

oDt ai nod BLr of FEFdhiRh TEARRTLY Gt & RS LREERAN By B Rl Bhet 01

[ 0013] molecule. The pol yval ent carboxylic acid conposition of the

present iAventq i . k I ) alqned

By addi t13h v oL PRI Sibir i, A3 Betos oL oD Pkl AR e

f ol | owi ngompeyads4b) anyd:(d) g rath propidanipydridgehmrng pcy¢io sapyratsil hgdroggrbon as

-Si -1 R - Q cbfeldkebidn, RRRR2 10[ 0015] (in the forrmula (1), Rl represents

an al kyl ene grou aving Ito 10 carbon atons in total _whi may have,

an int or 6o ng 74 Pfgml?rﬁﬁar}@?s%ﬁe 1 %%F@%@&mnsacaorﬁl&grw|(159r&§gabﬁ%awﬁemm

phlenyl I g rlgedm: Iﬁ'ﬂf‘dfp(bb end Ghend cach at Rastant ﬂ@idlaﬂh]‘ldridr?%ie?bteda‘bt&ﬁl ﬂ@;egrgup

nmol ecul ar,_wei ght .of .t conpa £ epresent I 1) being

500°to. SOBbeta o eI RSATE Rés aloaRuntt BAdeh 01 12

anhydr i deygolmxpse-l2,4-higartmixgbehed dPdanhydride aral foyojefalZehibeptandd 3y | i ¢

aci d, gonpy x%fﬁ% aﬂ?rdﬁ. ped by addition reaction of a saturated

al i phati c polyval ent al cohol (¢) having two or nore functional |

al cohol i éhydr Bhgpolyyaden sashoxylicacideqrappsiiondrcerdingtg (Bhaboye. Wesrain the

car boxy! icempHiiad (b dqH PadRSsdatily npiiapetithdkahydiBplRah Ny Altsatide.

carboxyl I(§) acl ’Phecg?oq})\?a ennc‘g cgfpox?lg]cdac&cp god?;%s t%)%l a%gcgrdﬁlagrtg %}; lolng ofa ﬁl) ?o 4
above, wherein the compound (c) is a polyvalent alcohol having 2 to 6 functional groups,

25  total number of the carbon atoms in one molecule being 5 to 20.
(6) A process for producing the polyvalent carboxylic acid composition according to
any one of (1) to (5) above, which comprises:

adding the compounds (b) and (d) having one or more carboxylic anhydride

groups in the molecule to a mixture containing the silicone oil (a) and the saturated

30 aliphatic polyvalent alcohol having two or more functional alcoholic hydroxyl groups and
simultaneously carrying out the addition reaction of the silicone oil (a) with the compound
(b) and the addition reaction of the compound (c) with the compound (d).
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conpound (K) at the production of the polyval ent carboxylic acid
conposition of the present invention may be each singly prepared and
m xed, or individual raw materials nmay be sequentially reacted.

25[ 0016] The silicone oil (a) is represented by the above formula

(1). @) 'nat Scécs?fﬂ%lr@dlﬁ:ﬁ')g’t P%ﬁlbﬁt c%ﬁ%szph@&m@fco mﬁom&& #98rding to

al kyl ene groups avin at ons |n as no
et her |i ri%gac OE(}éﬁo ah@*may‘fbé%comrww gquentil ;59%% %@éiwgweﬂtep (A)
pent yl enend ReyYBeRLond iRt Yl ene and octyl ene; al kyl ene group having 1
to 10 30carbon _atons i'n total which has an ether Ilnka% such as

- C3H6- 0- C21- 14Step (&) a step of addiion rgpionof - wiconpell ()ovith theompopag{b)
theHgs,gW%gg%ﬂé 0BG 3§yﬁé axﬁﬁﬁhh@?ﬁu?iﬂﬂh@nﬂﬂé&l@ ene group or

case where the total

carbon nunber 81‘3Pt(ﬁg E’cﬂ’ﬁ@l ‘Pf agdlition reaction @€ theaturaied alinliae golyvalent alcohol
pol yet hylengvag e cﬁd@l&@Efﬁnoﬁaﬁaltdl&hbhgﬁTc&bﬁylryim%ﬂaﬁle@@ﬂi@ew @ly

avai | abl r oduct s but e not f heat resistance
and |i ghﬁ'l BEio0E ShERTe Y %Y&P@F&“ﬁlﬂ%egf?%d’é ﬁﬁ?@f‘,ul ar wei ght of
the sili®ne oirhe pxa)):esstf‘GEpméucghg fheﬁmmamewrbdnqdmlaa'rd aveipphition sic&@0ing do

>, 009% 08‘25}\%&2@&% CI‘QIQ‘L%% Qd(ﬁu?x? Pe’aB e s%grnea%ﬂ rﬁ%ﬁ'tf) Hr‘5§£§8@tlﬂl s%%nt

to 2 ver e NnDS era I’ an
t he nol eonliman wgaghtso}vsnﬂ isgn am$ant FP% by mrghb brel@sﬂ based on ¢he total @meunt

obt ai ned S8t us&g. Prone to increase.
Mor eover O@V\ﬁ ‘&Hg&hl% a?ﬁﬁen?% I'S b%f[‘)lr%e t han 5,000, conmpatibility

with the(@®k herAéﬁFP&éerﬁﬁlﬁlsCOFﬁ?%‘@% calrxfalml}get he pelyupleRarhAryLie 4rifcampasition
10many C&ﬁ&ﬁdmg% bipébnd HE(1FRSE) hSoveQind RH @ @:E)fﬁﬁlin Such

et n§c hETB oc SRtPEABERHS BEBDI O RO BB DN AN PEE) T
CONMTEr Ci ahlaycmhalepam eesincndauad epotshewep-raytainén gnehitdne mesin.Dow Comi ng

5562 (na act o
KF6001, 002%?3&68%15 P‘%Wl‘ ?&{lng ?Oac%%(r?rédl%go (%)g&b%m e %{r%% ﬂggﬁg arsm s
Co. , Ltdayepwgﬂgmamgamavwanuhqumu@@m.by anentlve Per f or mance
Materi al g1gync. Acu@dlrﬁﬁlaﬁﬁ%bF%éh‘lﬂy]ﬂurf He duralb1Vh & Sorh PRI AR b SYARE 1BY
Chi sso Cbrpora d the like. 17] As the saturated aliphatic
poly%%leﬁPYSF%ﬁh@S“{@ 1) RBR¥eng t wo or nore functional 20 al coholic
hydr oxyl groups, conventlonally known al cohol s may be nentioned but,
a _bal ance between heat and light resistance and

fromthe ewpai,nt
toughnes?ﬁeﬁtﬁl’)?ﬁbedflé{?qtﬁpnpreferabl y, polyval ent alcohols having 2 to 6
functional grof@d2hnd having 5 to 20 carbon atons in total in one

naving o br anoHaGPay PilenchidollPhe RIELGREGHIAN G bt PRSI BVeAISHE LM %Sﬂ
a cy2bi ccutingiegent for epoxy fesing, Patiewlarly theeurable sessrh%pmwltrqnl@“ the prese

As the | iRafioshédrepexiibied e%m?émams@vdwﬁﬂf betheSoliHatent Sarbérfigic@rciiny
be specifi Cal@é&%’nﬁmm' oned neopen

1
et Pt - SN R CH AR TR Gperstid hein brts weually fopied forguring
the |ike epoxy resins b@&lidne efcadlent diechngsiatangess liplet resistandey close adiesioenmsy,

I e

t he 30 keacid compoditien ef ﬁnwrtsentrmmntmesiu@tﬁgl@e rirgiy niaténind ohylodifpr dprapaents,
and the ropane and
the |i ke%glslﬁ,e%%‘%g I{@tﬁ ?%1 gl%}tu en g%?ﬁ@% i«,etngib&gd#gﬁﬁ %%bfu:cﬂe as the

hexaol s. SSBEPBHANSE r@$l@%¢§><§ |diﬂ' %@éﬂerl@lmo 8piiGat sgmigprrBetars.eolyimids

col or i ng r¢s@fiant IE kR aq)ldsngiaér squrca 61§§dv$ﬁ1§f&§iﬁl aﬂ%&eﬁﬁedlate for

2, 4-di etpﬁl ent ane- g{ “h‘? tr| cane |fol an nt aer thrltol

is prefe edifaments an P"'St’r etsh"’e HFFé‘H’le gnpa tﬁeﬁ’glac%ﬂﬁ & QPAS ot

i m3ed Pﬁrtichbslgr, mapclyﬁfalemeoaalﬁmdyhs aadd:ohipesdtmms dyeremebdussfubgb § carings

a m xtur %gé)Jt fOI' epoxy I'SSIIIS%OI’ gh EI?SQIflatIOLT. (}%B 1caTI§gm1%8H@L%'tﬂ} g %ncﬁ%i)ing Q ngﬁl@
Juminous white LED or the like as a representative, because of curing ability toward epoxy
reins and high transparency of cured materials obtained therefrom.
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15 a saturated hydrocarbon structure are preferred. Furthernore, from
t he viewpoi nt of a bal ance between heat resistance and toughness,
those having a cyclic saturated hydrocarbon structure as a core

skel eton are particularly preferred. Specifically, there may be

ment i oned nethylhexahydrophthalic anhydri de, hexahydrophthalic

anhydri de clohexane 1,2, 4-tric oxylic acid 1, 2-anhydri de,

bi cycl of iiegt mheimgas for féarrrzneqwge §aioRc anhydri de,

cycl obut anet et @ boxylrc acid drhydrate but anet et racar boxylic

di anhydride a | ik ounds are not limted thereto
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15(K) is conpl et ed. A specific reaction ratio is, when
conpared in ternms of the functional group equivalent, 0.001 to 1.0,
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As these alicyclic epoxy resins, there may be nentioned those
obt ai ned by oxidation of conpounds that can be produced by
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In the curable resin conmposition of the present invention, the ratio

of the whole curing agent to the epoxy resin is preferably 0.5 to 1.5
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naphthal Xyl i el ci d.and_ ox acid e
e R AR Rl S tou T Pa LR Sl & e ef
1, 8-di az atnduymga[lﬁlxmr@]aﬁﬁmeNalem eanboxyik sidtdespesitioniof | the present invention
bolyon! ot B8R s IRl BB ARREE, b ihveiBhd & kel 0 BERKRe
as tet raBﬁ@Ql&h%nPf@fﬁfdﬂﬁ&QiéO Oébt yI trimet hyl ammnl um br oni de and
trioctyl net hyI n| um brom de, 10 phosphl nes and phosphonl um
conmpounds suc as trleth hos hln tri.(tolu hosphi ne,

f the catalyst
et r aphenyl phoSiHR G IBGR e i BB, g it of the cataly
tetr ap henayd the liat aut Wﬂmnﬂieswamdintaﬁ iZduétrial prodaetionya matchyh fdreriohg tiariine

add an h

i criot apUO e TRER Sudili s eloBft o BBl " Srcepd Bl o

t hes e c urdapigpraiime nexas thatiheaeattivhé dragts, arnth#lOs)B@]ot preferredl in viigve of safety.
resent f F e /

o eoent AR ankd i (SoPSERH B ISBBROEE 8 Aokduf 1624
i nvent i oBOUE-he zinc salt and/or the zinc conplex contribute as a

curing accel erjgbpy] of the epoxy resin and the curlng agent. The zinc

o 350" 2R PRl et B SRR O O o

at |est pmigvalexﬁmmhmdyhehc&d(ﬁ@rﬁ(}amoﬂnwmw remo&inigdhe batzliysighmmughl Kyl
hay

O oupS i FE ARk e RIS RSB SBnil ol | ©

acid as avi ng car
t her e mathrgughrdasiillatinad a et hyI group, an |sopropyl group, a butyl

group, a 2-ethy lﬂ*ﬂ?&%é oBtHRYEactiBR wREHinG ca%l}?éf' Rhe B&Wﬁ@ﬂ%oxﬁfl@ Fﬁﬂ g’)rbr in

i sost earé@ I‘OU a decanyl group, a cetyl rou
S8t

In the werm whvenb@rm%eﬂf%lystythe fpmaléatr%b@waﬁ acld k) 6tmbrs
and zi ncm&ﬁmé@ta;at@n@sﬁhgﬂfe selvenPthedughdedillafiyn sbfting ReEneelN6r by taking out

the product without further treatment.
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As details of such zinc salts and/or zinc conpl exes of phosphate
esters, the ratio of the phosphorus atomto the zinc atom (P/Zn) is
preferably 1.2 to 2.3 and nore preferably 1.3 to 2.0. Particularly
preferred is 1.4 to 1.9. Nanely, in the particularly preferred 20
enbodi nment , E)Oggpsphate ester (or phosphoric aC| d derived fromthe
phosphat e este . of l.ess relative t f the zinc
ion, and prefefl %Hwatr%utﬁ%@@%v%aﬂeﬂ@é 12 gy tge Fbe A rearongst a

str ug tur ?aioto{)earc@t 5tm$ﬁr16be(c uhés ctbfl@l@ibﬂil dfatoeeat s@ﬂﬂchmb edlventhan, Ea:tee Fr
coordl nat e e zlnc,sa or Z C an _pbe al so
bt ai noa cormiegn A e saipRr 8 Dol eh sBL BinG R SRafiii05. 1205,
25[ 0040] [0026] such conpounds, as comercial |y avail abl e

ducts, th
o6, 78, o " 7chn BhelSe PORUBARGIALIR soid foribastin cibeabulifed inine
Nitto Kadks palpjent kakoxylioacid i) apdaeivalentwadexylic adih ) th@l@ugbﬁai@d  The
Inc.), 1§aﬁcQ9E %&1 99. 37?6’/9 835@P@m@wé{%@%ﬁ%ﬁlﬁﬂm@%wﬂﬁﬁwéﬁ% &y

Hope Chem ¢ nc car oxy at es, an

( manuf actWﬁ‘ rw S .ael’oeﬁb %Pola%alen ISpEboxylidesid o ds too%arges there

( rrg /ny(f) ac taﬂseeptobbeniél dihgceélstdntsettblc_arﬁom@ gds peRBeatioRGng h@ﬁcphb adsistarter When the

an or Zln ho e Ccu ng. t to e

appr opr | ZOMBRSCRERPSle At RN GS ek BTG ERon bRurSatP S poidingspomes

t he resuldifﬁngtt ransparent resin conposition, such as transparency,

the curing rat sed

in the ran mﬁéﬁ{:‘ng%)? g%bd{artlb%Tg})gﬁ?%Sﬁ gﬂ&% 9%‘{?% rg}?)/?g%%?e ééﬁlabl y

0.01 to Qre%@mblsf WY1 thel Huglisggeause d}ea?erf;@npwafélnﬂ Kgsigtapge fogogrosive

Itoﬁf tesbyg mtepaﬁfea@ﬁﬁﬁ @s;ssalahs}qn@%ﬁea b%iyalﬁiqu(y tuga welbht BRIOF I &q?&e atha the
e presen reac 0 cur.l n e W n rn acce rat or

but the REEPIRBRE ﬁaﬂt fﬁ%t TESis lae%éflsmamlms ?05}@13@13?%@% A ATassing

t hle col ohaﬂdgy @dcah |aﬁdl13r‘aBb iltuthinagce d%merridrs;anﬁﬁ e camobm@g the@opipeyieivh a$ e

CcO orlng an SO obt al t 0 t nce 1o OFFOS

s per oeitipafuti ARk Ralrd 15 RRAY dodbls i fe G224 BD fkch (PR RiYE

preferr emtloaf(mzm]more Partmultaﬂg thmbﬂyb@rmmaa cemhpeﬁ rachlgwdomtlu geod

presgit b&ﬁﬁé@ﬂmlxmégagﬁl als %&Pas ch'S? ok thdrdlCOr porate a

phosphor us-containin ane retardancy-inparting
conponent . The0g&8sphor us- cont ai ni ng conpound nmay be reaction type

one of addi ti qg{oieysp@f Be pRRERY 1f11réh|t1@ii3im|ﬁﬁ>§s1ﬂ% t Bﬁ‘)duc? the polyvalent
ospnor uss c al n nc 0s. est er S
Pr et by FebmoRisste i B R DpleaConbpute fR IR Sy aRtsdishn; Speeite

tri xyI yl erogkdipbosphafdiowst esyl di phenyl phosphat e,

cre

hosihat by T Smin K KoRARRE) g el IS RALERA @j‘vi@égﬁéﬂgﬁﬁ%’ Inthe

bi phenyl (rmlecquﬁr@nlwgﬂdjgmmturqﬂiydb@mém ol (ghargithe polyvalent alcohol (c)
9, 10- di hygl @=PaRXR a&&fsﬂﬁ%ﬂé& enant hr ene 10- oxi de and

10( 2, 5- di_hydroxypheny1) - 10H 9- oxa- 10-

phos phapﬂaﬁaherﬂaﬁ%mgétmﬁa @nd ﬁfﬁﬁé%}ﬁﬁ agqlﬁaﬂ%lbv wrsied BpgP%onpounds

obt ai ned by r esigh (A9 a@fthﬁ@é@étlﬁgﬂiersﬂWohB oﬂQé)lv\/iﬂl ¢ doaeeind{b)icbetaining
pho [ﬂanesé red ph %ﬁr uns]E@Hg ff hosphate esters, the
phog anék Orcfporﬁﬁaglﬁ U8 Eg’ﬁﬂuﬁﬁ %8)?3‘? %CSFFpounds are preferred
and 1, 3- pheny|Sepe®)st dicg pif ydaetiyd thelsampdied ajphatic polyvalent alcohol (c) having

L, 4- phen oe&%ﬂbl%(aﬁwﬁxl]é’ hﬁ&%k%lfé}%&%ﬁm cémé%ﬁ’d @ﬁ%&é’&g%&l oY

phosphat e) or ainin
parti cul a&beXYélF@ﬂbYdrw grmlli@l@éhﬁl@ﬁlecﬂiﬁ the phosphor us- cont ai ni ng

ggggu Eg/ ][ 2 . glr’ﬁ{aﬁfsa@ﬂe r@c%d{u%' JrMSaboRB H@lh&@s s%ﬁﬁ%r%{aﬂ%ﬁ&ggm of the

u

Contint pampaids o beussd in the S&%PéBﬁ &8 ra%tfefawi %@R f"?‘)c csep ARy IWnen

t he cont paforexdead pe@mﬁmg fiereadtivnand eigeE in tH&%stthl sture absorbing
(iii) In the case where the compounds (b) and (d) having one or more carboxylic anhydride
groups are the same, the silicone oil (a) (or the polyvalent alcohol (¢)) and the compound
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1 54' - hydroxybenzyl)-S-triazine-2,4,6-(1H, 3H 5H)tri one and

t ocophenol . [ 0045] Speci fic exanpl es of the sulfur-based
antioxidants include dilauryl-3, 3" - thiodipropionate,

dlnyrlstyl 3, 3" -thiodi propi onate, distearyl-3,31-thiodi propi onate and

ggtel |O'X|k§ Dl né}?ldmg ope or §Rﬁ"€’bérb&ﬁ%%&ﬁe%roﬁﬁ%@&%@éﬂﬂ&%e%&?%d
met hy 1- 4%&@? H%‘é"’? Miﬂhp é&J éortté‘i’ siligepeyqibiadiy chasgedand reagted-car v |

pent aeryt hri to[oodgphosphl te, bis(2,4-di-tert-butyl phenyl)
e 1 oS S S Al Rl PR BB on
25di phos pheaness whiallyca odienlsss ligent tasempi-bolid substdngehos phi t e,
tris(diethyl p
tris(di-n-buty 1&1"%'%%%‘3‘1’5%(1# b é‘?*;?‘ﬂfﬁ%%ﬁ% i A
phosphi t éran;ma;egj(:z agd df lstugerftl AR gnn,gg@gwt OIRTOEP mesins, a raw matenal or modifier
'[2" '23( rsz‘fﬂ*l éainrﬁé }agf?%ﬁ%(%sﬁ:ﬂ;@{?%{fl %ﬁﬁ%sﬁﬁhﬁéﬁdatmg resms_ folr _qunéerOI_ldulj:{Eors an% %ptlcal
phosphi t égmlmfu%ﬁ H?%IE%@B #?cbprgiué rﬁﬁf@ﬂés Bagw WF?H&U“OTS pofyamide
(() 2- tﬁb It beu;gml dlyiﬂiﬁﬂh yéshﬁ%lﬁd lthe ]ﬁl&QS phisti€izerdr2 lubrfating oil raw material, an

met hyl enebi s

(2-tert- ?lg}} kflt qr s)ang gtbtﬁﬁs]else rzév 1§|.ater1al for paint resins, and a resin for
et hyl i detmigi.s (B&rmﬂd:lmuﬁs tigedtas chyihg hgany fr epoxy resins.

2-tert-butyl -A-pe
'Eet ral ci sl(J2y4 i -tert- uwl‘e?ﬁ) ﬁ/@%l)%ﬂthéa%ﬁo jic ﬁ%lﬁﬂ)mﬁgslt s ﬁgtshg S?ﬁe t
tetraki s{ention issed mwmeqsyqt)fonewxymmﬂw npn@" gza:d i aced

tetrgd ci §&rﬁ§6’mt§’dn $fehé Féuéﬁfhmﬂw&%ho%v&xcemn@l%@ﬁw BRedich ®f the

ko i LB v B

t et r aki s%‘?e

tetral ci sa(sﬁa,sﬂiexdlsemeeﬁeabsﬁlyﬁqafﬁruph):al&e&lcobd@hmxsh&ﬂa adhlghlyslnhﬁxmﬁseavhne
bi s(2, 4- gEDt ert but yl pheny1l) - 4- phenyl - phenyl phosphoni t e,
bis(2,4-dr-tert-butyl phenyl)-3-phenyl phenyl phosphoni te,

bi s( 2, 6-di - n- HG03ATJpheny1) - 3- phenyl - phenyl phosphoni t e,

bi s(2, 6-di -t erﬁlﬂ% p&g& WhHeheny gyél:y%%l ﬁ'ﬁﬁYtL Eﬁf‘gﬁosgﬁ 9{99&'1 bEthe present

bis(2,6-di-tert phenyl) yg_ﬁ_ nite,
tetraki s{pyemiienis asmﬁtvang%ﬁ&}t FHighiETgsins wck;@s BPpHens marticularly as a

. dlh pho?] p?ﬁqmta @oml Ebmﬁbﬁ Mt s @Péﬁ&@é’tﬁﬁoﬁhse tid dmtﬁwitmﬁh@&@f}aﬁﬁ of b E:m?ﬁ§§%é|rr]1
ospha ri S rie
P osphat ot e B PO Elept ca EovBhBcPoRD R BF Biiesispt v eitton
phosphat s,mixed bithdkey ethbydcipadsdhide.e, di butyl phosphate, dioctyl
ho ate and
Bho:%ﬂorus bas‘%gdﬁ%gg Jgh?@l@%egﬁgﬁﬁp aWd (eg\héﬁil%gﬁe pro%ugfboxggc be
al so usedhhygede mpwnethe awleanlssie pm;fﬁmdamdmﬂgnhad@&ghmmgm aonmAtic

there meyn ﬁltﬁé’sﬁ&ﬁﬂqu fiftdy. ShARWEES g%ﬁq ?@%np%pnﬁfbre%%ofé%@
PEP- 240 ADK  STAB PE’];D% ADK STAB HP- T 2112, ADK STA

260, ADKAEYARdegEoRpS hgsules there mpk bepasiticsdy meAtbRn@‘Erlm
STAB 135aﬁnhy&ﬁlfe STAB 18040y @r@ﬁht/ﬁ&ﬁ: SIABriTEButanetetracarboxtyli d@sent

o ORbosopue b [RkRe o lg@aﬁ%%rc@ase%ﬁhl%?wgﬁﬁmqe 2501

t o 2% bydiwabghtlicoabydiidm cydieheecpmeey 2rdewicarbionyticacid laialﬂugdgm antcothi (hke

0047 t
Emr e % her eof rIr%thE%%Oﬁ%%%%h%nE} E&@%}\Q&g’%u ?%hgl?é g%eli pr \ggeg{
i nvent i O‘PPmRQSélOBh@@[iﬁm efsthp pelyyalantdathoxgtin ecid av@pmreo%ﬁhp @ieseft0048]

Fur t her nB&éntionNs bNaoGBsaR} RelphBidd 15'r 6198 39‘% elgfn.eb%%éﬁ on the tota}]
to-stabil’i z ed accordi'n 0 needs.

i nvention, r g
phot3o- stwieht @tﬂ e abpyegthes ﬂyga 63/11 %ﬁﬁhf‘emlywéﬁltt%r borye #rad serapesition
hi nder edofahé p&se&ﬁ ineafon NdBRGsng tHen@CR&HMation lid such dHaBiE eFRes bl

achieved on the flowability of the composition and heat-resistant mechanical strength of
cured materials. '
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(1,1, 3,3-tetranet hyl butyl )am no-1, 3,5-triazine-2,4-diyl][(2,2,6,6-tet
ramet hyl- 4-

pi peridyl)im no] hexanet hyl ene[ (2, 2, 6, 6-t et ranet hyl - 4- pi peri dypi m no] J
, a polynerized product of dinmethyl succinate with

4- hydroxy- 2, 2, $hé iRk Ihﬁéschb@ﬂié%ﬁfa@!dl%hh%ﬂ 051t10n of the resent invention
2,2,4,4-tetranet h\él-FO- @ur A oxy, car bon\é % g - 0xa- 1

0di azadi SONAEHRE Hi°pelyyp. 8 ﬁa? -COR@OTIORP rPéesem Bvertlon.

N-(2,2, 6 6-t et Thﬂﬁirbbdérébuptcpﬁpdsﬁtid’wdf)the prestac ilveasdrecdrtaihs ademxly resin as

ester, e?ste}ﬁ.lal Ogjg%ggl%l 1-(2, 2,6, 6-tetranet hyl - 4-

pi peri di nyI rfol ne-2, 5-di one 2,2,4,4-tetramet hyl- 7- oxa- 3, 20-
di azalli spi r o[ 5[0036]1, 2] henei cosan- 21- one,

2,2,4,4-tetr agﬁ% Q%{nyzﬁlﬂﬁé(ﬁsa%lezig ‘the curable resin composﬂgm d:g' éhe resent invention,

di azadi cycl of enel cosan- 20- propanol ¢ “acl
est er / t etthepiBiaybe gamioned sligros higHikrpoiy regtsgior example, novo A -type epoxy

[(4- ”ezjh(?é‘éﬁﬁhﬁi@ [Tlﬁtt ¢ gy f ;rébshﬁd, bl&eﬁyltﬁy& é}%ﬁﬁ(@ﬁ@ﬁé‘ﬁ‘iph@nylmethane—type
i peridin er, hi r fa aci d, es

D Db 6. hvhuat Pt Rl R 55 s vt SaPYfsynihae mRgbe

N N1 bi s i&xnBpfiedbitmienalvke bisthedol s, plabd@bhmo],)ﬂuorene b1Sp¥sSn(6{meQ§enedimﬁnd§ids

Shown belouP RN, BAgbRRSL T 1o o RNRT 1 hipkerI P4 s Mof (PG RgH bR,
TI NUVI N 75006, rraphﬂmlmdlmtrlﬂtﬂmvlmyph@wl)maﬂmm 622-BiralisMovI N 152,

S:E Mﬁi_sgg%xgﬁﬁ%mygétﬁw b§%€%§ﬂ$ﬁ?&@ég%t?xgeﬁﬂs @h%ILA_ gl' ﬁib%t%tu%l gak S,

like as pPrefibRlf %lkhhﬁlbﬁ%@iedr@ﬂhthwlﬁdjék@wbﬁ%ﬁ dahydrpmaﬁhﬂlakageqﬁq)
| NVeDs i ORyith fifmAaEHYdE, Qbtalded W%Qﬂ@él@bé 'p-Efrodyd eﬁmm&e igs 0.005 to

R T yfi@ﬁ%ﬂ%l@%% %ﬂ)@%ﬁ YetPhinage” 1© 20

case whe dmyc]bperaamemi, fururhle 4 g'-bisthl@omeHyd) biy1' Vmp@lny], 4idhbis@héthokyrhsthyl)-

| nsuf T ch Qihionbi ! f bﬁﬁ&ﬁg&)ﬁéﬁgﬁoﬁ%ﬁz&?{@e 3 bﬁégﬁe@l@%ﬂém@f}&%&e S hlYike

wei ght, resistance
the case an%mﬁdtﬁeé rcemou@tf thgeph ballggenated bisphanaelh émqhﬂséetrahmmolmmahenol A,

curaple oR% e&emsd Sofbulis AGHcRITRRE Bloohdly @Mt} IRt cpBxPAMR! T esin

E’ g cordln tongy i nder Tesin, therg
may be nd ﬂdéf ﬁ%ﬁﬁ&?om ins, ghygidylaster- §*i sepwszeve;smﬁcsﬂsmu%ane ased
epoxy- ny bpd‘kyl’reﬁnm@bpoﬁ\ﬁﬁsﬁhb tavhp a glgsdi %rotipmdlbr bﬁﬁrémyalshemh yaidtde
resins, eS| and .t h

oain s ToBhRAS G oF Falo kiR PP P Mot o defh e o
bl ended asd the dikey taththe dpoxy esinsamgrotdineite thératoe ret ar dancy and heat

resis%g, ance of hhe ]cured material are not inpaired and is usually 0.05
to parts bJ wel ?ht and preferably 0.05 to 20 parts b)t{ wei ght based
on 100 parts B} ht inothe cpse Whase Hecyrmbrvspingomppeitisppt the presely t he

curabl e ffRghtibrCie 'ﬁﬁ&ﬁhtdpﬁﬂal(ﬁseé BEcyRIE SpHMy ﬂeﬁﬁ@ﬁ!ﬁd/@ﬂapoﬁ? gkdl%ﬁ&ﬁﬁ&ﬁng
filler caﬂBbe added acc %:Iéj@%sto needs I nofgani c

t here nmafH'BEGHERDS FhELE CROFY E‘r“%hﬂ’}nigr?esﬂé‘?ﬁqﬂ? ang gfRisHre ATe rRgre
al um na, peferredn, Paaiculadm inithé ent of tlmaahcyalime@ax)bfﬁamtseconspdund@hlavmg an

ot et ¢ ccP Ryt Sl RES b s s el e ogd s hfined e
i nt o sphexidatiin rsaciivn of ndnmhmd&hlaemgmcythhexﬂnb Iseucting anomokd prcfackd.
‘thereto. They A@t}aeéeeam?afk a;'ogg &%nfgr (el Cé*@%ﬁlsﬁéa&ﬁ&fe JBR s ed.

Wth regard to the content "o EII’]O@% an anount of O to
90 par t sOHgalgs ofisompaurdsdhatican bp prodye bséeﬁt@sﬁqatl%rﬁ@@fe@n pon of the

FL esent d:ﬁ%ﬂi&kézib@?rbﬁidﬂwwmtﬁ ,alc[oﬁolg e eﬁéﬁﬁ&!{h@n t@Stion d0conmposi tion of
e esen I nventi.on (0] en S.SuqG
T e R sl Wb PR oo e At ihedtip Birghadgon vol. 36

pal m ti cp.aédd(1980), Tetsdledroat le=tior pﬂafii(llm{));zﬁmﬂhahke), ar Fishdheakardactién of
cyclohexenealdehyde (procedures described in JP-A-2003-170059, JP-A-2004-262871 and
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added. Exanpl es of such silica fine powder include Aerosil 50,
Aerosil 90, Aerosil 130, Aerosil 200, Aerosil 300, Aerosil 380,
Aerosil 0X50, Aerosil T1600, Aerosil R972, Aerosil RO74, Aerosi
R202, Aerosil R812, Aerosil R812S, Aerosil R805, RY200, R1X200

(ranut 2‘1"‘?@%"e%”fWeﬁé‘“’@ﬁ*‘f‘g&@“"w‘*ﬁﬁ e s B SRR Prpgpdties
u i I nv i i [

m xing 5 @qdﬁﬁﬁﬁ M@Hg%{@]&}‘i‘g%@%wsl y. The curable resin Y
corrp85| ti on of Theelqhebeard notpagivilaely lnitcdrs leasid ey ﬁl&m‘@ﬁ@bﬁﬂcﬂkkhem
cure rrat ner.. as onventi nOWN
ot hod. - ParsiRlis BRI ol IE SR IR G cRR Bt R R O R ATy

m xi ng t heropyless/glyesl; b, 3anﬂmhé1®d;2-hgaaghmit 1, 4buietliold, S—péntamdedsb,ﬁy
the curi n&ﬁﬁé‘ﬁél%%?&loh&{éﬁecpl@}fé H@i&%&h% %} rdﬁ AARR

bi nder resjin he 1 ndrgani c I’'ng" agen s u3|n an
ext r uder, “@Wé%lﬂapaﬂ%u 1grethylpib I%tmea piwdroayemsthyil-d -bwanasialstetraels su

honogeneop@te@mhﬁtol sndehy Bwed AsGh@bArBbiyIR RisaER Iﬁ@ysb@m‘éﬁﬁﬁ}féﬁ'cﬁxhﬁ’@

and, in the,case wherg the S|t|on|s iquid,
potting of %é&aﬁ‘?lﬁ ]ﬁhﬁ% ’Lsérf’\%%hc ?ﬁﬁ‘i}r‘%@’g‘ Ifigeids %‘HPJ@taPlélte

t her Wi t mychﬂlexa]]eérca]bngyIHMQsld:MCBhbéike ési the acidp airot imited tieréonol d,
and then curi ng(g by heating or, in the case where the conposition
is solid, inje l) it into 15 a nold after nelting or nolding it
using a transf@ﬂﬂhﬁl@ﬁtﬂig aheishic gpoxorresine othekiban e dbove,eetabenmpaynds by
heating. oHiinédty AbSARG Rbit{ch FFiffolbhdRnali Gt lo LGS Al afochll 10

hours. As the curing thod, 1t 1s possi n it at once at
hi gh t enFOMPOHRs. buﬁs £ rqagtion mrogeduge they @nédypreducee by epplaingta gosumon

St epwbse deetalitdtiow rédttiofUr FOIGxaR@l, tHRFe 418 dRICRBEEE meBRRAUfpeBlthitg the
80 and 150C and t hen after-cure

nitial curi.n erfor.med, bet wee
o' 50" pertAsRE o B e BT D peine ARl SRR hisne of iFee 4
pr ef er r edeactior nedatne (TR PateanPNer %34150@8)\/\‘1 mtetlebdvifherfgrrhing tlheemetica:t witle

el evat i Orérédﬁtaﬁ¥ gcédﬂégg.n ﬁfd@ af’{@ﬁ Eﬁoﬁﬁiglgﬁtr A0 & cﬁ%oﬂ/eg 1?9; 8&(%{)%@&10

Mor eover a Ccu teri a e resin corrpo
present ZSIGIRH-HER65AN, weﬂmdmé@smg vt 9e hveastion edoun U5 PateasNp.

conposi t i3002640) QMo %@ ﬁ!nng BY ngahfe&olven@as%qleé(&{bh ﬁé&ﬁﬁkﬁ?@-ﬁob 1§5679), a

| ene, aceto et obuyt
)o(l?/rret hyl F’&ﬁ‘&?ﬁf&@m%ﬁ dﬁ‘@éﬁﬁﬁf@ef“&ﬂ RF @l %gi ooliked owomghe
t ransf or Mavmomt&f\ﬁaﬂﬂu&hstefnht)he c?ﬂfo&‘i&hﬁl Stbﬁﬁﬂtdte bﬁb‘éﬂeﬂl on, t
i mpregnatin |.ass .fibe er
flml;erg pol gma%é%?ﬁb XamP rcﬁﬁh (resipg 1%%8%2%% %Bg’r
the i npr é@%%(aéldr@h@lanmdl merarfaq'aged Ay Ddw Ghbm;cabu@glhnmda'@ZIﬁ,eEpolead

t

b ame UPTRATES SO BHISI0C S G KA “fﬁ%%d Hy it (pfa!
wei ght | Aequsiiess 6Q.ukid. )@flwvﬂ@p@mdmeéhw@gidﬁ and ipolite bu’s ayfare het lpmgsds nt

i nvent i oheadid (R bferenod EﬁaﬁaméftHo@étH@E olas} FRFRTisb B34 DpgéiRsH material
I\/P Resi n Transfer

cont ai ni ng carhon fi ber c al so obt ai
Mol di ng) net hot™ 350y AUt élqgﬁh?f Woégmgﬁfqrm{quyslgq yseqd gpgypbination.

Furt hernore, t[M83%Jurable resin conpositi on of the present invention

| 3 fi
Specti cal Ly Tiin@SrpgRenl bihndich oLhIbARE eI s Milplem geabovtic
| i ke in Bridcogpositien Gisarivg dgenhsompesitidn) of tfe pkdeat mvergicaumdy be used in
fi 1 mtypgomBRbforF QIR AR §th&burihB8E&nt ITHMl LLH@ cﬁg%rbtf' ﬁfﬁ%&aﬁoﬁ%yﬁ% I%Jf.l? of the

transform ng the curapl e resin-conposit esent ‘I nven

into t hePOValpRiisatoxyheaciq Pgﬁ'leé’r‘l”sé%ﬁ 1ﬁv@¥§m§é% F-hel \bhplagurwmge@hgdar@fmbbf

appl yi ng20% H?ﬁwﬁglﬁt&ir@@{&@ ahdl Fﬁﬂtmﬁlﬁﬂ?)gﬁtdfﬁa&lﬁ}@ 098by %@@Hgﬁgbr& eat Ie ng,

and t hen perdf.or ornmation int 61'6
fil mtype conx#d@fli ﬁrc%‘ﬁlélﬁlag?rftdlﬁa =V B"E%ﬂnriéﬂuﬁ%m&me -based
sheet -s ha(pnpblmdmeasldlamha(jﬂdﬁ bastt eompeetds sdngidebasdesipoandy ehéncl-dasdde

compounds, carboxylic acid-based compounds and the like. Specific examples of usable
curing agent include diaminodiphenylmethane, diethylenetriamine, triethylenetetramine,
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The optical sem conductor el enment such as the highly |um nous white
LED is 25 forned by adhering a sem conductor chip such as GaAs, GaP,
GAl As, GaAsP, Al G, InP, @GN, InN, AIN or InGaN, which has been
| am nated on a substrate of sapphire, spinel, SiC, Si, ZnO or the

like, to dlahﬁaﬁhlfﬂeﬁﬁ%ulﬁn@ﬁﬁiph&dﬂlsdl%uﬁ: é&ﬁﬁlﬁnﬂd@'ﬁlﬂ AMdadhes ve
e

di e- bond h I d
it i o COMESTRNTPBI kA BedTaYe afd ahg ety |eaeCatitnpbtaicaaRrioner y

of t suchI atrmﬁmmmﬂ]grdﬂde pytomellitc &%ydﬂd@,@ﬁ&ﬁ&%ﬁ?ydﬂdehte&ﬁhﬁﬂ?ﬁﬂﬁﬁioat I ng
materia aps erial ,is
for prot ea?l n g‘?ﬁ&%ﬁ c%&cﬂgx@?tg?’hc %??‘ﬁ&#e ﬁi H@'Z’f‘ dé‘%ﬂ%flg? gadic y&de
pl ayi rig ah%h@f@ﬂhthﬁwtﬂlmdmdq, orethylhexabydregptiteal fcemhpdidey boshéteracacboxtylie
present 'aﬁﬁ?&ﬁdé)'l}lcgéﬁ[i)ﬁ 13}%@%@?3’5&&8&?@ Slikifg material or

di e- bondi ng rrl%t er]j i s“convenient to use the

cur abI e rl’é‘E'ihﬁ KR0S Lelismtane-4 3Té1°|§Fb@§§‘#ﬁ arthydede icyplohexanet k3, dftrigaeoxylic
2!5 e:a 35 h ;{jﬂi&t lﬁé}bl@hgﬁﬂdbféﬁ}%nglg Sg?ﬁérﬁﬂ Snﬂu%ﬁ@&sﬁﬁe&lo[s ?ér%gtgﬂee (:}jglllerllml,
Che cur ot bRl Ca bR ok ot CRETRr Buefie | IR -HOl el rEag,
ment "l@ned'e&orcnﬁi Ilrﬂmﬁittmtenpﬂmhltng@ hyr&ox@nenﬂmemmw 1atg ptétmdigtpn and

f ft
B(raresg:l{n i vgﬁﬁjon i gﬁlgn%lpo (5:055' S%%é’ R the{l?lgi% gﬁ‘(ﬁ %ﬁgg? phebSls,
potting, ephihel ebuyl- pleSﬁmt%na}ﬁﬂlagbgduhadmymgme; ﬂmydmnmttmr etchi p

can be adiex ﬁgmhraeﬁﬁﬁ waqaa@h@ be%&lﬁelg‘ﬁ@yﬂ: BfdroRy mghe,ﬁqf {got air

circul ati o Q ggie ay, e can be
enpl oyed.! roxy hlé‘{f’e E‘B‘ﬁa‘ﬁt? BOneg QThYé%Bfﬁ?e@Ph@bmﬁ,tl ons of 80

to 236C am@camufadlknépfmﬂlm mm%ﬁs(aﬂwomea{)ﬂe) D ehiphdrd- 4 f%sﬁﬂé&o&%@@ﬁfﬁ)

O R B8RS DR, 3 sk Do oramobphetsenes o ke
hour s andng hexdifzfd @mpunds thareoﬁehapgaﬁﬂedrhdphmdhrsucloﬁﬁiuetralﬁmmdbfspﬁéﬂbl no
180C and 1&%&9%3%%5%0}3916-]39?199 E'(Erﬁ]I:)IeJ(& ?l?f)lmd El(?{bv&mv S, Ic%ncleﬁgﬂgs St hod

of the encapsu nj et
encapsul A¥PHR$S rrathel?heapls iaad the liketba them tare potiishitedfthenate. i Thapiney tehmsed

subsppat @H@ ﬂgzotd?%&élﬂﬁe@ Wusefi p fixed thereon has been
i nserted an m@ts heat - cured to achieve 15 nol ding, a conpression

nol di ng met hod e the encapsulating material is injected on a nold
bef or ehand, t hia thevirabledesti osmpbyitior madﬁ @Berit e eBtibg tthétiol of thowWEsIs €d

e, AR oA W3 RSR g 0 S81) 426ALR: e l SE
i njecti oSTawptif oehsidera t9|ab@nB@TOﬁlm:tmndh&i(bpam@jlaiﬂ}ngﬁfamblg@ti tonl.2ol di ng
or the 2Q ﬁlk/ﬁ@ntg?élat% tﬂqrhg;rhi\@féﬁt of thﬁ CB%X)F é}é 6%k '% eg}rf)t Pgﬁlt}% o5

hot-air CIrCU atlon infr enc
can be e Bgratio s less than %@ﬁul T OR 15 mors kan ¥. ﬁq@xalnpﬂseelatlve to 1

condi t i oBguiPAleQftiR %)%Q?g?dﬁii) @Hé%Jifs akofddpuitifat E&hr?g“xs 'I&%Fﬁm@ﬁt%nd good cured
preferredh F%; t he ]tpeur ose ﬁ ﬁ internal stress to

gener at eBMY$F2oBroREYies taf“c? 12 %‘E‘ﬁ’?%ﬁs pre-cure can be perforned
at 80 to 120C[D635]30 mi nut es to 5 hours and then after-cure can be
per f-gt med und 180C and 30.mnutes to 0 hour s.
[ 006 §:H Furt herthmﬂ?eg&g%&s%aegﬂlo %H?églgﬂr B*feé’f?seegf Vﬁrg}?ﬂ)log CYRACSE efarji‘ér may
present bausedtin spmbinetioowithohe erirngchgeut. t Specaﬁowm;ﬂ%ofamﬂbleamnhg
applied E&e&%@ﬁs%‘wlﬁkﬁﬁ%ﬂoﬂf ﬂﬂidﬁ.ﬁblé%ﬁﬂg§%%€n§q{lﬁﬁ§ﬁgé }?ll% Pfﬁﬁnc?a%%yz

resins are used, For exanple

pai nts, Heecylimidagelas %hemeﬁyh@l%@léﬂ'ﬂh@lﬂ |4ﬁ13¢thﬂﬂmgias¢ieel-ben2ﬁ-l2ﬂs
FRP and p}lf@yhm&ﬁ)zole; n&aﬂl@lmﬁem?ﬁﬁidaa&% 1-Epslob @i NY_rdthi ﬁrﬁﬂia?ﬁé‘rlds

ele |CW|reth gh enc j atn ents

additd ve%yafIB? lﬂ%zo 3t FFYQ%O'%@’ ey a%‘&?ﬂ?@%‘idﬁn@ﬁ%‘ﬁf?o'r

encapsul u@ﬂwbn%mleéh’))ethyl—aﬁﬁzmb%,ﬂnﬁbﬁ@oa%ﬁ deylimtidangé@n)ebased
triazine, 2,4-diamino-6(2'-ethyl, 4-methylimidazole(1")ethyl-s-triazine, 2,4-diamino-6(2'-
methylimidazole(1"))ethyl-s-triazine-isocyanuric acid adduct, 2:3 adduct of 2-
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[0063] 10The encapsul ating materials include potting, dipping,
transfer-nold encapsul ation for condensers, transistors, diodes,
light-emtting diodes, IC, LSl and the |ike, potting encapsul ation
for COB, CO-, TAB and the like for IC and LSI, underfill for flip

8’; iPpngzdnfeggmﬂimpleeim@d_ putiEddid) rzf-@fe @umazag 1:?)fcyé.rﬁrﬂé%i€pegﬂﬁctfs% o~
, . N | n rrl or, relnt.o e

i ke. 15] %&ddﬁ&ym&wﬁ%&%%?%%l 4&@6’?‘%@%‘5@%@ ?llﬁaaﬁl-
obt ai ned cb};anoelhyln@phdmf_léLﬁ-dioymoeﬁmxymethyhmsdatzolenarmf salthef theesetitiazoles

i nventl (0] LAl ] s n n

i or 1 ar o POBE b AHE LAl Sudt A DI MO B A e it i,
in uses v@ﬁé@@ellﬂ@wdsumh%emdwoaylm ahd, maleit agidenhdroaglic adidramided ech
ray, X-rayk Q& ah&f&ﬁﬁd@@?a%ﬁ%oﬁl t‘ﬂ&t@@u&ﬂ"ﬁs I@Hg%hﬁkyclglg mﬁdeceni %Bmd salts

SpeCIf'Ctlth% H’H‘ﬁ @L errentlon I a
encapsul at'’f gt With &straphenyd Om@nﬁh@? voigirandyhelik galtsiwith theaaborhpglyralgnt
be peri ph&ﬂﬂaixyﬁahaﬁls at phdsghinid Ridsgladimpsiu sdis %ﬁélﬁé’sstetraﬁlﬁﬂrluﬁﬁhﬂﬂuum

ol'atcs. TIPS i Ao B e B RO RGBS es.

fil meOf orphospfune;k andyphibsphonsue boragoyndk sudhzs trigthplpRedphite, frl(td‘mylﬁﬂhdsﬁﬂiﬁb

like in t

encapsul aF??#Heﬁ*éPﬂm%ﬁﬁ“ﬁ%bﬁ%#?&%% PR Phasoh Rt TB et py ot phenols

filns, howsh %2 féraispminomandphene], wmine adduct&fmﬂabrmrnlgiuads:suchrasmm octylate

gl ass subgiditheilike) dnd'Bli@bbastlaRAtuARE Skt ofs Ut OBy BFE? éa%]ﬁ?ﬂ”'& of

di spl ay) ﬁ ggect .ed as.a nex;tﬂﬁ;&ﬁ Ii(atl on flat panel di'spla

mat eri al SP¢5CUIRBRCCEI AR, g‘ fraterials for LED, protective films

of faént gl ass[0d36pnt gl ass substl tuting materials and adhesives for
se in LED dis bst er tical. wa des

BI’I slm sheet sI gjlo a}:res%ﬁ ‘p’)ff ’{’83 lﬁ'lg?% ‘I’ﬁlq @ﬁO@B{a:t&a ZW@%/\!I?%@A/%@P@C

correct i sampléxes In &wmabl@@smwmpn ofthegreseatinivemiohi theszinasajtl sad oa

address lhdphd c&r‘h l%k% nttiBiVeG aQ:luﬁH AYcRi QEBPE)@% gﬁ&j HebillBn@the & Ofriltig ageyt.

gl ass, front gl as stituting eriat i'ves in org
(el ectrol uni ne?@%ﬁ‘@éﬁaﬂ arddorgine ccmdex/ssra ssltengfor pomples icontaining a zinc ion as

pr ot got i \wechirAiieridnt Bh® éﬁ:mm%ﬁs Ee&ﬁitergbﬁﬁﬁd@#&%%étbﬂ& b&ﬁgMdes%} e

and adhesives in field 35em sSi . In pt| ca

recor di ndr¥% SRoxyic g5 hovigg a@lﬁﬂfy\]/gﬁ’é‘g E%‘gks t‘C%? eﬁbmow spiygte
DVP- R/ Dl\/BSdeWMB,onE’@mﬁmh aslganmanget}ﬂlaﬂéyl grdﬂﬂp? Kaﬁﬂ@&tté QD @arbon atoms,
mat eri a i enses,, prote

oo o) SO0 RE §ieuR) Gl SRREDY O Sl gy, Fetnytpeny
t he opt i €upgay pefEl grpgp,dm lsmylmwm@nhwatganyhgmupad dedoyl goup,la cetyl

canesas, gidupd@e th fidrs, target prisms, finder covers and a
| i ght -receivi ensor part. Mreover, they may be taking |enses and

finders for vi eEWé%VenﬁﬁlﬂstmétFW@; Zlfl%@%fb%a‘ﬁéomﬁp’é@isla@d zinc

5| enses, phosphetetestess dré bf&fenﬁncw@tme ﬁmer%hl%kﬂlaﬁ: coﬁ%ﬁﬁ&é’ﬁﬁi ARd the
i ke for etct ton éhe evi.si 03 sets.. %a BS nat eri al s,
encapsul § Sﬁ’ba et ary Hiedesisane P\78’§051Y€i $Wegﬂ t’toFlé"?‘!l gEnhapeedypt i cal
sensi ng devi cd903TIn the optical parts field, they may be fi ber

matesg als, le ating,materials fo

el eﬁjednt s, adhggﬁ\ﬁ;egr%géngﬁﬂ?gﬁ?ﬁ’%gB?ﬂﬁﬁ]ﬁﬂ?%ﬁ??%%& %IQ(ES b?)’ﬁl?tslﬁi)mgm hes
in the ofioFehaviepinthecemprwnd analkdarouptmying lincer boophddcsincfirder an alkyl
mat eri al grouf)ﬁhﬁlﬂk‘ﬁq’un&fb%@ hbicdhGs 'Wﬁrdr@bl%ﬁerf’éahe%ﬂﬁ% atﬂgset ]pa%nlé &

in the pgé B é ‘gt |e§ connectors. In't recel

parts an 8% tprr@lalr phetersdang Paﬁﬁ@&?r%tyoi?élal"é‘lﬂs%@ ZWbQ!BﬂtomS are
¥\/aV egui dpeferedcafhey adel }‘Jiiﬂfeffad af viewsof fc@x'hp&tﬁﬂltye n ﬁ@f{l’r‘élé%iﬁ \k/ﬁ'(?e )\ Iﬁ:ﬁl‘llﬁﬁlr of
or strate naterials,

£ bt mef BPHERRE s B8 Jarse S S el Yoo Fbas ofA s Avams Sieeds J0&rand
the |i kewherethecqepduptiedy nof hat®apy brathed seuttuenorcstivobegoB4 RcBoR Bidup

or the like, the compatibility with resins is bad, so that the case is not preferred.
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Col um: Shodex SYSTEM 21 col umm (KF-803L, KF-802.5 (x2 colums), KF-
802) 10Connection eluent: tetrahydrofuran, flow rate was 1 nmJm n.

Col umm tenperature: 40C, detection was done by R (Reflective index)
Calibration curve: standard pol ystyrenes manufactured by Shodex
[0067] Synt het iSpedifisalB), thete HaY Bt nentibhe¥SAind 2 elt§thetitalt, 2irstitdst@fate, 3inc

refl ux condenser ,and irring apparatus were charged 500 parts ‘of a
dual - end E‘iﬁﬁflﬁ%&? ?r‘ﬁjd&‘leﬁ *silicone X22-160A5 (manufactured by

Shi n- Et su Chem[@@d8]Co., Ltd., in the fornula (1), Rl=-C3H6-0-C2H4-,

R2=CH3, i ght - | | ight. of about, 1, 000 99. t f
i (12 A Anhaaa e RE Bt P Lodiists 1S HesertialfiioBesy
M t subi shselicard/@heine eethplexes ofphosphoriy acid4ng ahosphete el s7@brioalkyl adterr e

¢ hexah ) . / ‘
iy | Gl A R E o RS ali R LR EONE ARl frcgpo ane
of tol ueriéreg%t*‘g and@ Huakity ¢rphperheis esigsicpmppands snay begneerpersigsh
IO:H gi ?ga Sicfeb%%lay, ﬁl@gﬁtﬂl?ltﬂr ﬁlig@ﬁﬁhfg%unﬁ] B@gé&élrérfﬁﬁ? aphy _aga@@%tiaun; gut
el evated to nd, after..3.hours, . .of , the aci nhydri
di s appeartéfclfe &Sp%ﬁ%&cﬁé%%w%wgﬁémrm@%‘g@?ﬂ?% NEEESERy bﬁf‘%%ﬁ@aﬁﬂ
co Int ﬂﬁtjedasfeo corapairide dialkyh esterscondicnad an@ﬂ‘ra[ll@il ieﬂtar wm%dmdg?&;etli}@gphawe
sol ven [ 0 thereby. 0 n o
ool vent v eI ATHELE SHURSH SO G IS S, RB1LALER e
yel It_O\r/vr Llr Qﬁ@li;Q!‘.: a%‘f@@@]%e sﬁnr%ﬁr@etﬁﬂab@@w@mmm finikheadsk fitted with
a sti ,

st uin€ OAARARE A YomphtS of 6 ARRBRAL LSS EoF BRI,

98 parts of tricycl odecaned; ol yarts o ) ]
cycl ohex a?ﬁ%‘ﬂﬂ%@ﬁ&ﬁ%& Ofpf?ﬂ%l RIS Yithe forex AP 8e Tine 68rbBYats 2ingaydspiide or
Gas Chenithaliked@atent DecymerB£PBa9T8)0f M 700 (a mi xture of

hexahydr opht ha 'Oﬁgﬁnhydri de and 4- net hyl hexahydropht hal i ¢ anhydri de,
manuf actured b Japan Chem cal Co., Ltd.) and 3510 parts of

t ol uene into thedetedeol pchvesselts ahl/drezipecdumpletes @f phogphaeresey, diengtio 4f
reaction ' : I hour s,

A ter corminasPiirefoptio B 2R ok (b Ao S tes Sl 2o 23 buf iR b erably

reduced pre¥sif-e RastieHadepipfasmdds h4280.%aMNamaby, im theqrapiosulinlc prbired
conmpand efdfodimeit, the S)sPhite sSeS@k Fﬁ'odi)ﬁ&'i@acid bOPRA e dr @ggtléffors?a}%@ bQerdis

flaskfiéted 1with aE%%.lrre, fé | ux ,condenser and a ] ]
appar at ug 488! ¥Hsssgelatiggtos! mel pkthgincrien. and pisfsredars diase hiavins matia simple
(2 é - i) whiidrestpetdrobuti anﬂbnnhfrqf odere %mun@'em%s ﬁﬂaﬂ%’ca‘[@ tﬂrbﬁ%l{\dﬁmﬂi boéﬁts) Eér

.1 par N r icoaci onmpoun - S .a e
whol o vaoufinatprid: " PhEhE s fndo Rk (it Siesleat BE ARO Blaulf e
mut ual  diesaaplethyohe prasedwis ylesdnibad in RyAa2(93151485 ent  car boxyl i ¢ aci d
conppsi tion ('%04() of the present invention as a colorless

transparent |iquid, [0070] 10 Exanple 2, Conparative Exanple 1 Using
t he pol yval entA%WB&QWPPEH‘%?@?%CQSW#%@WWWIHMP@?H@& thére npaydementioned

i B B e e B Rl 2 S 1

exa r al | C n r e . - ro alLc an ride,
manuf Zlct ﬁﬁ%rﬂﬁlwurﬁgﬁy gﬁﬁ%?@%%&ﬁ'@? %Lgﬁ‘{(an%’é‘faé?‘ﬂ”ﬁé bgKipgndusiags t o
as Hi) ahwﬁ, t8iOmomglmtl 2% Octope fg, &A@&W&ﬁdr@md )ﬁ’eﬂ@yChhyobe_@HblmiaQJS
epox Cc v act ur em cal .
oy R P, SR 0 OBl ol Gl PRI i Rirety ST OERAR Qmiga
resi n an6oh&ihledyP206 treatwaciired hiy King ldusixicslc()aas2586 piedsphaielekters

sol uti ongApeYHiRCHHYsEEht®Y Tokyo Chemical Industry Co., Ltd.,
her ei naft er ri}‘)@{red to as C) as a curing accelerator, they were

bl ended in th Hdndi ng ratio (weight ratio) shown in the follow ng

Table 1 and 20hdehdasi B i ' ' '
able 1 an ebeaghgent & e@@ﬂl@éﬁﬁ@pﬂé@ﬂygge&bd‘&é&iﬁgfc@dﬁm&g ﬂ)&@l{tﬁg

cur e resin, conposi tjon of the present ijnvention. 1] ]

bt & hed uraLEE TRaEE R o Ra B U g BHsPEshexals ciring

per f or mexitd, wotdieg nemiigonsas Thheurindmdcelsratfreis ubddsin aliceras O vNuduall¥ 810E td--
15 parts by weight, more preferably 0.01 to 5 parts by weight, and particularly preferably

0.01 to 3 parts by weight based on 100 parts by weight of the epoxy resin. In the present
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Conpar ati ve Exanpl es was subjected to vacuum defoam ng for 20
mnutes, it was filled 30 into a syringe and injected into a
surface-nounted (SMD type, a surface-nounted LED package 5 mm square
in outer dianmeter, inner diameter: 4.4 mm height of outer wall: 1.25

M) LED ofea¥iuirG budiy BPoSsibie Wit Ry Biinghavdifdtor Buik 584i88n veuR!gnggh of
465 nm had been nount.ed USL{,@ {31 precise i ectlon,app}ratu o

Ther eaf t erccalpEpPRYFTILB VGl B ealos rpPlemishgitinge. Camsaitty rprder to
under pr epevéheltt @lonimgazici (ﬁbitfiﬁ&.pr&&r@\ﬁﬂth@febigﬁn&d ‘@fﬁ_orrlosive g]:cls

Vol atility; f Ws_.on t cured.material surface

af ter enc%%@%?tg?@égg%ggﬁgﬁgﬁ?ﬁg V4 %%&rgﬁlpx SPEREEabl e, Good: no

hol | oW i s obsel0@P] Moderate: some hollows are observed, Bad: many

hol I ows are obggiyedirdide Y%sfn%cjdn?po@ffﬁﬂ%?ﬂ-}e Cprg&g‘z i’f‘l]veﬁli?otﬂ]l\ﬁ i%alingﬁwl@tol

Conpar ative Exanple 1 Un rrrng agent conpasition - |
part (s) bYComPItR a Pipsphoyacontaining cofenoyne ach flamg refgidsncy-impargng
part(s) byomiginghd EMephossdshiB-deRtainids eSmpound may be reaction type one or addition

type one. Specific examples of the phosphorus-containing compound inctude phosphate

10 esters such as trimethyl phosphate, triethyl phosphate, tricresyl phosphate, trixylylenyl
phosphate, cresyl diphenyl phosphate, cresyl-2,6-dixylylenyl phosphate, 1,3-
phenylenebis(dixylylenyl phosphate), 1,4-phenylenebis(dixylylenyl phosphate) and 4,4'-
biphenyl(dixylylenylphosphate); phosphanes such as 9,10-dihydro-9-oxa-10-
phosphaphenanthrene-10-oxide and 10(2,5-dihydroxyphenyl)-10H-9-0xa-10-

15  phosphaphenathrene-10-oxide; phosphorus-containing epoxy compounds obtained by
reacting an epoxy resin with active hydrogen of the phosphanes, red phosphorus and the
like. The phosphate esters, the phosphanes, or phosphorus-containing epoxy compounds
are preferred and 1,3-phenylenebis(dixylylenyl phosphate), 1,4-phenylenebis(dixylylenyl
phosphate), 4,4'-biphenyl(dixylylenyl phosphate) or a phosphorus-containing epoxy

20 compound is particularly preferred. The content of the phosphorus-containing compound
is preferably as follows: phosphorus-containing compound/total epoxy resins = 0.1 to 0.6
(weight ratio). When the content is less than 0.1, flame retardancy is insufficient and
when the content exceeds 0.6, there is a concern that moisture absorbing properties and
dielectric properties of the cured materials are adversely affected.

25 [0043]

Furthermore, in the curable resin composition of the present invention, an
antioxidant may be added according to needs.  As usable antioxidant, phenol-based,
sulfur-based, and phosphorus-based antioxidants may be mentioned. The antioxidants
can be used singly or two or more thereof can be used in combination. The amount of the

30  antioxidant to be used is usually 0.008 to 1 part by weight and preferably 0.01 to 0.5 part
by weight based on 100 parts by weight of the resin components in the curable resin
composition of the present invention.

[0044]

As the antioxidant, there may be, for example, mentioned phenol-based

35 antioxidants, sulfur-based antioxidants, phosphorus-based antioxidants and the like.
Specific examples of the phenol-based antioxidants include monophenols such as 2,6-di-t-
butyl-p-cresol, butylated hydroxylanisole, 2,6-di-t-butyl-p-ethylphenol, stearyl-B-(3,5-di-t-
butyl-4-hydroxyphenyl)propionate, isooctyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate,

i8



13.0 part(s) by weight Curing accelerator CI 0.05 0.05 part(s) by
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diazadicyclo[5,1,11,2]heneicosan-20-propanoic acid dodecyl ester/tetradecyl ester,

15  propanedioic acid [(4-methoxyphenyl)-methylene]-bis(1,2,2,6,6-pentamethyl-4-
piperidinyl) ester, higher fatty acid esters of 2,2,6,6-tetramethyl-4-piperidinol, 1,3-
benzenedicarboxyamide and N,N'-bis(2,2,6,6-tetramethyl-4-piperidinyl).

As amine compounds that is the above photo-stabilizer, commercially available
products shown below can be used.

20 Examples thereof include TINUVIN 765, TINUVIN 770DF, TINUVIN 144,
TINUVIN 123, TINUVIN 622LD, TINUVIN 152, CHIMASSORB 944 as products
manufactured by Ciba Specialty Chemicals, and LA-52, LA-57, LA-62, LA-63P, LA-77Y,
LA-81, LA-82, LA-87 and the like as products manufactured by Adeka Corporation.

In the present invention, the amount of the photo-stabilizer to be used is 0.005 to

25 5% by weight, more preferably 0.01 to 4% by weight, 0.1 to 2% by weight based on the
epoxy resin in terms of weight ratio.

In the case where the amount is less than 0.005% by weight, the effect is
insufficient. In the excessive case where the amount exceeds 5% by weight, influence on
the heat coloring resistance appears, so that the case is not preferred.

30 [0049]

Furthermore, into the curable resin composition of the present invention, a binder
resin can be also blended according to needs.  As the binder resin, there may be
mentioned butyral resins, acetal resins, acrylic resins, epoxy-nylon resins, NBR-phenolic
resins, epoxy-NBR resins, polyamide resins, polyimide resins, silicone resins and the like

35  but the resin is not limited thereto. The amount of the binder resin to be blended is
preferably in the range where flame retardancy and heat resistance of the cured material are
not impaired and is usually 0.05 to 50 parts by weight and preferably 0.05 to 20 parts by
weight based on 100 parts by weight of the resin components.
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part(s) by weight J-1 11.3 part(s) by weight H1 8.4 part(s)
by wei ght Epoxy resin EP2 35.1 35.1 35.1 35.1 part(s) by weight
Curing accelerator C1 0.14 0.14 0.14 0.14
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20

25

30

35

F0050]

To the curable resin composition of the present invention, an inorganic filler can
be added according to needs.  As the inorganic filler, there may be mentioned powders of
crystalline silica, fused silica, alumina, zircon, calcium silicate, calcium carbonate, silicon
carbide, silicon nitride, boron nitride, zirconia, fosterite, steatite, spinel, titania and talc or
beads obtained by forming them into spherical shape and the like but the filler is not
limited thereto. They may be used singly or two or more thereof may be used. With
regard to the content of the inorganic filler, an amount of 0 to 90 parts by weight is used in
the curable resin composition of the present invention. Furthermore, to the curable resin
composition of the present invention, various blending agents such as a silane-coupling
agent, a releasing agent such as stearic acid, palmitic acid, zinc stearate or calcium stearate,
a surfactant, a dye, a pigment, and a UV absorber and various thermosetting resins can be
added.

[0051]

In the case where the curable resin composition of the present invention is used as
an encapsulating agent for an optical semiconductor, a phosphor can be added according to
needs. The phosphor has an action of forming a white light by absorbing a part of blue
light emitted from a blue LED element and emitting yellow light resulting from
wavelength conversion. The optical semiconductor is encapsulated after the phosphor is
dispersed in the curable resin composition beforehand. The phosphor is not particularly
limited and conventionally known phosphors can be used. Examples thereof include
aluminate salts, thiogallate salts, orthosilicate salts and the like of rare earth elements.
More specifically, there may be mentioned phosphors such as YAG phosphors, TAG
phosphors, orthosilicate phosphors, thiogallate phosphors, and sulfide phosphors, and
YAIlO3:Ce, Y3Al5012:Ce, Y4A100:Ce, Y20,S:Eu, Srs(PO4);CL:Eu, (SrEuw)O-Al0O; and the
like are exemplified. ~As the particle diameter of such phosphors, those having a known
particle diameter in this field are used but the average particle diameter is preferably I to
250 pm and particularly preferably 2 to 50 ym. In the case of using these phosphors, the
amount of them to be used is 1 to 80 parts by weight and preferably 5 to 60 parts by weight
based on 100 parts by weight of the resin components.

[0052] '

In the case where the curable resin composition of the present invention is used as
an optical material, particularly an encapsulating agent for an optical semiconductor, for
the purpose of preventing precipitation of various phosphors in curing, a thixotropy-
imparting agent including silica fine powder (also called as aerosil or aerosol) can be
added. Examples of such silica fine powder include Aerosil 50, Aerosil 90, Aerosil 130,
Aerosil 200, Aerosil 300, Aerosil 380, Aerosil OX50, Aerosil TT600, Aerosil R972, Aerosil
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part(s) by weight Hollow test Good Good Good Mbderate Reflow
testcracking 3/3 3/3 3/3 3/3 Resistance to gas perneation 2 hours or
nore 2 hours or nore about 30 m nutes about 50 m nutes [ 0081] 5As
apparent fromthe results shown in Table 2, it is understood that the
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Ltd., AL-
where the curable resin composition is liquid, potting or casting the composition,

impregnating a substrate therewith, or injecting the curable resin composition into a mold,
and then curing it by heating or, in the case where the composition is solid, injecting it into
15 amold after melting or molding it using a transfer molding machine or the like and further
curing it by heating. The curing temperature and time are 80 to 200°C and 2 to 10 hours.
As the curing method, it is possible to harden it at once at high temperature but it is
preferred to elevate the temperature stepwise to allow the curing reaction to proceed.
Specifically, initial curing is performed between 80 and 150°C and then after-cure is
20  performed between 100°C and 200°C. As a curing step, it is preferred to elevate the
temperature with dividing the temperature elevation into 2 to 8 stages, more preferably 2 to
4 stages.
[0054]
Moreover, a cured material of the curable resin composition of the present
25  invention can be formed by dissolving the curable resin composition of the present
invention in a solvent such as toluene, xylene, acetone, methyl ethyl ketone, methyl
isobutyl ketone, dimethylformamide, dimethylacetamide or N-methylpyrrolidone to
transform into a varnish of the curable resin composition, impregnating a substrate such as
glass fiber, carbon fiber, polyester fiber, polyamide fiber, alumina fiber, or paper therewith,
30  drying the impregnated one under heating, and finally subjecting the resulting prepreg to
hot pressing.  The solvent at this time is used in an amount of usually 10 to 70% by
weight, preferably 15 to 70% by weight in the mixture of the curable resin composition of
the present invention and the solvent. Moreover, an epoxy resin cured material
containing carbon fiber can be also obtained by RTM (Resin Transfer Molding) method
35  using the liquid composition itself.
[0055]
Furthermore, the curable resin composition of the present invention can be also
used as a modifier of a film-type composition. Specifically, it can be used in the case
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20 manuf actured by Kyowa Hal dco Chem cal Co., Ltd., AL-2:

TCDAI chol - DM manuf actured by OXEA, H : RIKACID M4 700 manufactured by
New Japan Chem cal Co. Ltd., H: RIKACI D MH manufactured by New Japan
Chem cal Co. Ltd., H3: H TMAn manufactured by M tsubishi Gas Chem cal

Co., Inc. where ﬂex1b11 I%QQ&% liKEaR R stdge arPoARRRE. | ORs P fr@%ﬁtof oﬁalmh% §!1c'h a2

AL- 1 Al- al ent carboxylic acid Polyvalent carb
acid (J) /ﬁ %Fﬁl@%@%t\{op,th@ & AR err%ggoned amethod%f transforming the curable

resin composition of the present invention into the varnish of the curable resin composition
as mentioned above, applying it on a release film, removing the solvent under heating, and
5  then performing transformation into B-stage. Thereby, the film-type composition for
encapsulation can be obtained as a sheet-shaped adhesive agent. The sheet-shaped
adhesive agent can be used as an interlayer insulating layer in multilayer substrates and the
like.
[0056]

10 The following will explain the case where the curable resin composition of the
present invention is used as an encapsulating material or die-bonding material for optical
semiconductors in detail.

[0057]
In the case where the epoxy resin composition of the present invention is used as

15  anencapsulating material or die-bonding material for optical semiconductors such as a
highly Iuminous white LED, the curable resin composition is prepared by thoroughly
mixing the curing agent containing the polyvalent carboxylic acid (curing agent
composition} of the present invention with the epoxy resin and also other additives such as
the curing accelerator, the coupling agent, the antioxidant, and the photo-stabilizer. As

20  amixing method, they are mixed at normal temperature or elevated temperature using a
kneader, a three-roll roller, a universal mixer, a planetary mixer, a homomixer, a
homodisper, a beads mill or the like.

[0058]
The optical semiconductor element such as the highly luminous white LED is

25  formed by adhering a semiconductor chip such as GaAs, GaP, GaAlAs, GaAsP, AlGa, InP,
GaN, InN, AIN or InGaN, which has been laminated on a substrate of sapphire, spinel,
SiC, Si, ZnO or the like, to a lead flame, a heat sink or a package using an adhesive (die-
bonding material). There is a type where a wire such as a gold wire is connected for
conducting an electric current.  The periphery of such a semiconductor chip is

30  encapsulated with an encapsulating material such as an epoxy resin. The encapsulating
material is used for protecting the semiconductor chip from heat and moisture and playing
arole of lens function. The curable resin composition of the present invention can be
used as the encapsulating material or die-bonding material. In view of steps, it is
convenient to use the curable resin composition of the present invention as both of the die-

35  bonding material and the encapsulating material.

[0059]
As amethod of adhering the semiconductor chip to the substrate using the curable
resin composition of the present invention, there may be mentioned a method of placing
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the semiconductor chip thereon and performing heat curing after the curable resin
composition of the present invention is applied on the substrate by a dispenser, potting, or
screen printing. By such a method, the semiconductor chip can be adhered to the
substrate. For heating, a method of hot-air circulation, infrared ray, high frequency wave
or the like can be employed.

As heating conditions, for example, conditions of 80 to 230°C and about 1 minute
to 24 hours are preferred.  For the purpose of reducing internal stress to be generated in
heat curing, for example, pre-cure can be performed at 80 to 120°C for 30 minutes to 5
hours and then after-cure can be performed under conditions of 120 to 180°C and 30
minutes to 10 hours.

[0060] .

As a molding method of the encapsulating material, an injection method where the
encapsulating material is injected into a mold frame in which the substrate having the
semiconductor chip fixed thereon has been inserted and then is heat-cured to achieve
molding, a compression molding method where the encapsulating material is injected on a
mold beforehand, the semiconductor chip fixed on the substrate is immersed therein, heat
curing is performed, and then the chip is released from the mold, or the other method has
been used.

As an injection method, a dispenser, a transfer molding, injection molding or the
like may be mentioned.

For heating, a method of hot-air circulation, infrared ray, high frequency wave or
the like can be employed.

As heating conditions, for example, conditions of 80 to 230°C and about 1 minute
to 24 hours are preferred.  For the purpose of reducing internal stress to be generated in
heat curing, for example, pre-cure can be performed at 80 to 120°C for 30 minutes to 5
hours and then after-cure can be performed under conditions of 120 to 180°C and 30
minutes to 10 hours.

[0061]

Furthermore, uses of the curable resin composition of the present invention are not
limited to the above uses and can be applied to general uses in which thermosetting resins
such as epoxy resins are used. For example, there may be mentioned adhesives, paints,
coating agents, molding materials (including sheets, films, FRP and the like), insulating
materials (including printed boards, electric wire coverings, etc.), encapsulating agents,
and also additives for other resins such as cyanate resin compositions for encapsulating
materials and substrates and acrylate ester-based resins as curing agents for resists, and the
like.
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[0062]

As the adhesives, in addition to adhesives for civil engineering, architecture,
automobiles, general office works and medical uses, adhesives for electronic materials may
be mentioned. Of these, as the adhesives for electronic materials, there may be
mentioned interlayer adhesives of multilayer substrates such as build-up substrates, die-
bonding agents, semiconductor adhesives such as underfill, underfill for BGA
reinforcement, anisotropic conductive films (ACF), adhesives for mounting such as
anisotropic conductive pastes (ACP) and the like.

[0063]

The encapsulating materials include potting, dipping, transfer-mold encapsulation
for condensers, transistors, diodes, light-emitting diodes, IC, LSI and the like, potting
encapsulation for COB, COF, TAB and the like for IC and LS, underfill for flip chips and
the like, encapsulation at mounting of IC packages such as QFP, BGA and CSP (including
underfill for reinforcement) and the like,

[0064]

The cured material of the present invention obtained by curing the curable resin
composition of the present invention can be used in various uses including optical parts
materials. The optical materials means general materials to be used in uses where light
such as visible light, infrared ray, ultraviolet ray, X-ray or laser passes through the material.
More specifically, the following may be mentioned in addition to LED encapsulating
materials of lamp type, SMD type and the like. They may be peripheral materials for
liquid crystal displays, including substrate materials, optical waveguides, prism sheets,
polarizing plates, retardation films, viewing angle correction films, adhesives, films for
liquid crystals such as polarizer protective films and the like in the liquid display field.
Moreover, they may be encapsulating materials, antireflection films, optical correction
films, housing materials, protective films of front glass, front glass substituting materials
and adhesives for color PDP (plasma display) expected as a next-generation flat panel
display; mold materials for LED, encapsulating materials for LED, protective films of front
glass, front glass substituting materials and adhesives for use in LED displays; substrate
materials, optical waveguides, prism sheets, polarizing plates, retardation films, viewing
angle correction films, adhesives and polarizer protective films in plasma address liquid
crystal (PALC) displays; protective films of front glass, front glass substituting materials
and adhesives in organic EL (electroluminescence) displays; and various film substrates,
protective films of front glass, front glass substituting materials and adhesives in field
emission displays (FED). In the optical recording field, they may be VD (video disk),
CD/CD-ROM, CD-R/RW, DVD-R/DVD-RAM, MO/MD, PD (phase change disk), disk
substrate materials for optical cards, pick-up lenses, protective films, encapsulating
materials, adhestves and the like.
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[0065]

In the optical device field, they may be lens materials for still cameras, finder
prisms, target prisms, finder covers and a light-receiving sensor part. Moreover, they may
be taking lenses and finders for video cameras. Furthermore, they may be injection
lenses, protective films, encapsulating materials, adhesives and the like for projection
television sets. They may be lens materials, encapsulating materials, adhesives, films and
the like for optical sensing devices. In the optical parts field, they may be fiber materials,
lenses, optical waveguides, encapsulating materials for elements, adhesives and the like in
the periphery of optical switches in the optical communication system. They may be
optical fiber materials, ferrules, encapsulating materials, adhesives and the like in the
periphery of optical connectors. In the optical receiving parts and optical circuit parts,
they may be lenses, optical waveguides, encapsulating materials for LED, encapsulating
materials for CCD, adhesives and the like. They may be substrate materials, fiber
materials, encapsulating materials for elements, adhesives and the like in the periphery of
optical electronic integrated circuits (OEIC). In the optical fiber field, they may be
illumination Iamps/light guides and the like for decoration display, sensors in industrial
uses, displays/signs and the like, and optical fibers for communication infrastructure and
for domestic digital device connection. In the peripheral materials for ssmiconductor
integrated circuit, they may be resist materials for microlithography for LSI or ultra LSI
materials. In the automobile/transport aircraft fields, lamp reflectors for automobiles,
baring retainers, gear parts, corrosion-resistant coatings, switch parts, headlamps, parts in
engines, electrical components, driving engines, brake oil tanks, rustproof steel plates for
automobiles, interior panels, interior materials, protective/bonding wire harness, fuel hoses,
automobile lamps and glass substitutes. Moreover, they may be double-grazed glasses for
railway vehicles. Furthermore, they may be toughness-imparting agents for aircraft
structural materials, engine peripheral members, protective/bonding wire harness and
corrosion-resistant coatings. In the architecture field, interior/processing materials,
electric covers, sheets, glass intermediate films, glass substitutes and solar béttery
periphery materials. In agriculture, they may be house-covering films. As next-
generation optical/electronic function organic materials, they may be organic EL element
peripheral materials, organic photoreflective elements, optical amplification elements that
are light-light conversion devices, optical arithmetic elements, substrate materials in the
periphery of organic solar batteries, fiber materials, encapsulating materials for elements,
adhestves and the like.
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reaction at 90°C for 2 hours, temperature was elevated to 130°C and, after 3 hours, the
peak of the acid anhydride disappeared upon GPC measurement. Thereafter, the reaction
25  was continued for another 2 hours. After completion of the reaction, the solvent was
removed under reduced pressure to thereby obtain 681 parts of a carboxylic acid
compound (J-1) of a colorless to pale yellow liquid.
[0068]
Synthetic Example 2
30 Into a flask fitted with a stirrer, a reflux condenser and a stirring apparatus were
charged 98 parts of tricyclodecanediol, 99 parts of HTMAn (1,2,4-
cyclohexanetricarboxylic 1,2-anhydride, manufactured by Mitsubishi Gas Chemical Co.,
Inc.), 84 parts of MH-700 (a mixture of hexahydrophthalic anhydride and 4-
methylhexahydrophthalic anhydride, manufactured by New Japan Chemical Co., Ltd.) and
35 10 parts of toluene into the reaction vessel while performing nitrogen purging. A reaction
was carried out at 60°C for 1 hour and 100°C for 2 hours. After completion of the
reaction, the solvent was removed under reduced pressure to thereby obtain 280 parts of a
carboxylic acid compound (K-1) of a colorless solid resin.
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Moderate: some hollows are observed, Bad: many hollows are observed (a wire is

exposed).
10073]
fTable 1]
Comparative .
Example 1 Example | Unit
i part(s) by
Curing agent MA-1 32.1 weight
composition B2 part(s) by
weight
. part(s) by
Curing agent H1 16.8 weight
. part(s) by
Epoxy resin EP! 13.0 13.0 weight
Curing Ci 0.05 0.05 par(s) by
accelerator weight
LED test (volatility) Good Bad
[0074]

When Example 2 and Comparative Example 1 are compared, the curable resin
composition of the present invention exhibits a little volatilization volume and there does
not arise a problem of exposure of a wire or the like even when an LED is encapsulated.
Furthermore, it is understood that there is observed a tendency to be able to reduce
cracking at reflow. From the above results, it is understood that the polyvalent carboxylic
acid of the present invention and the curable resin composition containing the polyvalent
carboxylic acid can afford a curable resin composition effective against volatilization.

[0075]

Synthetic Example 4

Into a reaction vessel were charged 59.1 parts of 2-(3,4~
epoxycyclohexyl)ethyltrimethoxysilane, 130.6 parts of polydimethyldiphenylsiloxane
having a silanol group of a molecular weight of 1,700 (a measured value on GPC) and 10.0
parts of a 0.5% by weight methanolic KOH solution, followed by temperature elevation to
75°C. After the temperature elevation, they were reacted at 75°C for 8 hours under
reflux.  After the reaction, 135 parts of methanol was added and then 25.9 parts of a 50%
distilled water-methanol solution was added dropwise over a period of 60 minutes,
followed by the reaction at 75°C for another 8 hours under reflux.  After completion of
the reaction, neutralization was performed with a 5% by weight aqueous primary hydrogen
sodium phosphate solution and then recovery of methanol through distillation was
performed at 80°C.  Thereafter, 170 parts of methyl isobutyl ketone (MIBK) was added
for washing and then washing with water was repeated three times. Then, the organic
layer was subjected to solvent removal at 100°C under reduced pressure to thereby obtain
162 parts of an epoxy resin (EP2). The epoxy equivalent of the obtained compound was
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707 gfeq, the weight-average molecular weight was 2,680, and the appearance was
colorless and transparent.

[0076]
Example 3

Into a flask fitted with a stirrer, a reflux condenser and a stirring apparatus were
added 500 parts of a dual-end carbinol-modified silicone X22-160AS (manufactured by
Shin-Etsu Chemical Co., Ltd.) and 168 parts of MH (methylhexahydrophthalic anhydride,
manufactured by New Japan Chemical Co., Ltd.} while performing nitrogen purging,
After a reaction at 70°C for 2 hours, 80 parts of KYOWADIOL PD9 (2,4-diethylpentane-
1,5-diol, manufactured by Kyowa Hakko Chemical Co., Ltd.) and 198 parts of HTMAn
(1,2,4-cyclohexanetricarboxylic 1,2-anhydride, manufactured by Mitsubishi Gas Chemical
Co., Inc.) were added thereto and a reaction was carried out at 70°C for 1 hour and 130°C
for 5 hours to thereby obtain a polyvalent carboxylic acid composition (MA-2) of the
present invention. The obtained polyvalent carboxylic acid composition was a colorless
and transparent liquid (near to a semi-solid but flowable at room temperature). (Although it
is impossible to perform accurate calculation, the composition contains about 70% by
weight of the polyvalent carboxylic acid (J) derived from the dual-end carbinol-modified
silicone and about 30% by weight of the polyvalent carboxylic acid (K) derived from 2,4-
diethylpentane-1,5-diol)

[0077]
Example 4

Into a flask fitted with a stirrer, a reflux condenser and a stirring apparatus were
added 500 parts of a dual-end carbinol-modified silicone X22-160AS (manufactured by
Shin-Etsu Chemical Co., Ltd.), 168 parts of MH (methylhexahydrophthalic anhydride,
manufactured by New Jalf)an Chemical Co., Ltd.), 80 parts of KYOWADIOL PD9 (2,4~
diethylpentane-1,5-diol, manufactured by Kyowa Hakko Chemical Co., Ltd.) and 198 parts
of HTMAn (1,2,4-cyclohexanetricarboxylic 1,2-anhydride, manufactured by Mitsubishi
Gas Chemical Co., Inc.) while performing nitrogen purging. After a reaction at 70°C for
2 hours and 130°C for 5 hours, the whole was cooled to 50°C and 33.6 parts of MH
(methylhexahydrophthalic anhydride, manufactured by New Japan Chemical Co., Ltd.)
was added thereto and they were completely mutually dissolved to thereby obtain a
polyvalent carboxylic acid composition (MA-3) of the present invention. The obtained
polyvalent carboxylic acid composition was a colorless and transparent liquid. (Although it
is impossible to perform accurate calculation, the composition contains about 70% by
weight of the polyvalent carboxylic acid (J) derived from the dual-end carbinol-modified
silicone, about 27% by weight of the polyvalent carboxylic acid (K) derived from 2,4-
diethylpentane-1,5-diol, and about 3% of the acid anhydride)
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[0078]

Examples 5 and 6, Comparative Examples 2 and 3

Using each of the polyvalent carboxylic acid compositions (MA-2, MA-3) of the
present invention obtained in Examples 3 and 4 or each of the carboxylic acid (J-1)
produced in Synthetic Example 1 and the acid anhydride (H1) as a curing agent, using the
epoxy resin (EP2) obtained in Synthetic Example 4 as an epoxy resin and using
hexadecyltrimethylammonium hydroxide (a 25% methanolic solution manufactured by
Tokyo Chemical Industry Co., Ltd., hereinafter referred to as C1) as a curing accelerator,
they were blended in the blending ratio (weight ratio) shown in the following Table 2 and
defoaming was performed for 20 minutes to obtain a curable resin composition of the
present invention or a curable resin composition for comparison.

Using the obtained curable resin composition, various tests were performed in the
manner as shown below. Results are shown in Table 2.

[0079]

(1) Hollow Test;

After each of the curable resin compositions obtained in Examples 5 and 6 and
Comparative Examples 2 and 3 was subjected to vacuum defoaming for 20 minutes, it was
filled into a syringe and injected into a surface-mounted LED on which an emission
element having an emission wavelength of 465 nm had been mounted, using a precise
injection apparatus so that an opening part became flat. After pre-cure of 120°Cx3 hours,
the resin composition was cured at 150°Cx1 hour to encapsulate the surface-mounted
LED. The presence of hollows on the resin surface in association with volatilization of
the curing agent after thus encapsulated was visually evaluated. In the table, Good: no
hollow is observed, Moderate: some hollows are observed, and Bad: many hollows are
observed (a wire is exposed).

(2) Reflow Test;

After each of the curable resin compositions obtained in Examples 5 and 6 and
Comparative Examples 2 and 3 was subjected to vacuum defoaming for 20 minutes, it was
filled into a syringe and injected into a surface-mounted LED on which an emission
element having an emission wavelength of 465 nm had been mounted, using a precise
injection apparatus so that an opening part became flat. After pre-cure of 120°Cx3 hours,
the resin composition was cured at 150°Cx1 hour to encapsulate the surface-mounted
LED. After the obtained LED for test was moisturized at 30°C at 70%x72 hours, the
occurrence of cracking on the LED for test under the following reflow conditions was
visually observed using a high-temperature observing apparatus (SMT Scope SK-5000
manufactured by Sanyo Seiko K.K.). The test was performed with n=3 and evaluation
was performed by (OK number)/(test number).
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96.1 95.9 95.5 95.1 95.6 Eval uati on Good Good Good Good Good
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éZOCXZt halred intb E]l)syﬂﬁ antEafected i%%@iﬂfﬁé‘é}fﬁlo%&@ L@I%dék@@el%mm square inlo
upport: a rqugh surface of a er Il .was used, Samle w dih:
o Peel CCIFE UMt R AT TRt PECRET Halkdets HANCE WHERAD1 5 K
6911120 Sanmiseort dieméntémsing Gn 2thiSornwhvehagt o5 @ 8ad béendodhtédRising a
Exp:ﬁgl: eSLPSgHIg?e@B?@m%%%gaa nsg € e%fli} e&@&l %%Ie v%a% c argeh ?r%g ]a]heLtIr?gb%u?naSCe and
subjected to a curing treatment at 120°C for 1 hour and further at 150°C for 3 hours to

prepare an LED package. The LED package was allowed to stand in a corrosive gas

under the following conditions and color change of a silver-plated lead frame part present
15 inside the encapsulation was observed.
<Measurement Conditions>
Corrosive gas: A 20% by weight aqueous ammoniwm sulfide solution (which is to
be colored black in the case where the sulfur component is reacted with silver)
Contact method: Under a tightly closed situation with capping the wide-mouthed
20  bottle, a vessel containing the aqueous ammonium sulfide solution and the LED package
were placed together in a wide-mouthed bottle and vaporized ammonium sulfide gas was
allowed to come into contact with the LED package.
Judgment on corrosion: The time required for coloring the lead frame present
inside the LED package black (called blackening) was observed every hour. The LED
25  package requiring longer color change time is judged to be more excellent in resistance to
corrosive gas permeation.
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22 Conparative Exanple 5 Conposition Polyval ent carboxylic acid

conposition MA-7 6.3 MA-8 5.5 MA- 9 5.4 Pol yval ent
carboxylic acid resin J-3 7.2 Epoxy resin
[0080]
[Table 2]
Example | Example | Comparative | Comparative Unit
5 6 Example 2 | Example 3

MA2 | 158 part(s) by

) weight
MA-3 16.3 pari(s) by

Curing agent weight
J-1 113 part(s) by

) weight
H1 8.4 part(s) by

’ weight
Epoxy resin EP2 351 35.1 351 35.1 part(s) by

weight
Curing ct | o014 | o014 0.14 0.14 part(s) by

accelerator weight

Hollow test Good Good Good Moderate
Reflow test cracking 3/3 3/3 373 3/3
Resistance to gas 2 hours | 2 hours about 30 about 50
permeation or more | or more minutes minutes
[0081]

10

15

20

As apparent from the results shown in Table 2, it is understood that the epoxy resin
composition of the present invention affords a cured material having few hollows and not
only excellent in reflow resistance but also excellent in resistance to corrosive gas
permeation.

[0082]

Examples 7 to 13, Synthetic Examples 6 and 7

Into a flask fitted with a stirrer, a reflux condenser and a stirring apparatus were
charged a dual-end carbinol-modified silicone (one compound selected from SI-1 and SI-
2), a saturated aliphatic polyvalent alcohol (one compound selected from AL-1 and AL-2),
and an acid anhydride (one compound selected from H1, H2 and H3) in blending amounts
shown in the following Table 3 and a reaction was carried out at 70°C for 5 hours and 90°C
for 3 hours to thereby obtain polyvalent carboxylic acid compositions (MA-4 to MA 10)
and carboxylic acid resins (J-2 and J-3) as colorless and transparent liquids.

In this connection, SI-1: FM-4411 manufactured by Chisso Corporation, SI-2:
X22-160As manufactured by Shin-Etsu Chemical Co., Ltd., AL-1;: K<YOWADIL PD-9
manufactured by Kyowa Hakko Chemical Co., Ltd., AL-2: TCDAlchol-DM manufactured
by OXEA, HI: RIKACID MH-700 manufactured by New Japan Chemical Co. Ltd., H1:
RIKACID MH manufactured by New Japan Chemical Co. Ltd., H3: H-TMAn
manufactured by Mitsubishi Gas Chemical Co., Inc.
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EP-3 6.0 6.0 6.0 6.0
0.04 0.04 Additive AD-1 0.008 0.008 0.008 0.008

0. 008 0. 008 Cured physi cal

10

15

20

EP-4 4.0 4.0 4.0 4.0 Catalyst C2 0.04 0.04
AD-2 0.008 0.008

[0083]
[Table 3]
Composition Product
Polyvalent | Polyvalent
S5 Al "’;1‘ Hi | H2 | H3 | carboxylic | carboxylic | (F)/(K) |  Form
acid acid
Example 435 | 10 168 MA-4 os/s | cotorless
7 liquid
Example 375 | 20 168 MA-5 o010 | colorless
8 ] lignid
Example 335 | 26 168 MA-6 gs/15 | colorless
9 : liquid
Example | 39 2 168 MA-7 o010 | colorless
10 liquid
Example | 3 39 168 MA-8 gopo | colorless
11 liquid
Example colorless to
1o TPE 1300 39 | 164 MA-9 80/20 | pale yellow
liquid
Example | 459 10 160 | 20 | MA-10 g6/14 | Colorless
13 liquid
Synthetic
Example 500 168 F2 | 1000 | Sgioniess
6 iquid
Synthetic
Example | 500 168 13| 10000 | ©%00ess
7 iquid

* In the table, (J)/(K) means weight of polyvalent carboxylic acid derived from dual-end
carbinol-modified silicone/weight of polyvalent carboxylic acid derived from saturated

aliphatic polyvalent alcohol

[0084]
Synihetic Example 8

Into a flask fitted with a stirrer, a reflux condenser and a stirring apparatus were
charged 100 parts of the acid anhydride (H2) and the saturated aliphatic polyvalent alcohol
(AL-1) while nitrogen purging, followed by stirring at 50°C for 3 hours and at 70°C for 30
Thereby, 120 parts of a colorless and transparent mixture of a carboxylic acid
compound and the acid anhydride was obtained. The ratio of the obtained carboxylic acid
and the acid anhydride was about 52:48 as a result of measurement by gel permeation

minutes.

chromatography.

[0085]
Examples 14 and 15

To 1 part (Example 14) or 2 parts (Example 15) of the colorless and transparent
mixture of the carboxylic acid compound and the acid anhydride obtained in Synthetic
Example 8 was added 100 parts of the polyvalent carboxylic acid compound (J-2) obtained
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properties Peel test Peel strength N 1.34 1.83 1.32 ND Tensile test
El ongati on at maxi num point % 32.8 49.1 23.5 ND *ND the cured
material is brittle and is not a | evel capable of evaluation and is
broken i medi ately after evaluation. 5 [0092] From t he above

results, ihSyhtheidBRIMHEGIarid by (WRR: disHoRRUSORRBERRINPOThireB) cBlorfehe

present inyeniion js excellent in close adh venesS, toughness an
Peat < esitelaAenfadT o eoresforo R RERE AT Sirat obroinesl reresir e
Exanpl e 6 [0086ki ng t he pol yval ent carboxylic acid conposition
(MA-11 or, -12 f present invention or, as Conparative Exanpl e,
t he pol yvsé’flw{g‘iﬁgic?ér%gfy ic acid resin (J-2) as a curing agent, using
t he epoxy resi nt¢ EPeatiiomitsativeate cherSydihépants E¢@&h4e 10 as an epoxy

. . : epat &

ind AD: oy PURicRSoh OB I ACRSLIERE B ief s a3 end it iy slidods

shown i noilhBving|a weighigaveeage andequar wraghs ol 9 Okameprirebyatae o §PC)@silancl

i nut ?S leQuilead: V5@, c@unﬁlﬂédeasra@ﬁﬂfbﬁmh%h@iaggma@&w&&gﬁf measured

I nventli on Or ur a resi C 0S I an or .co rson .

Usi ng thgs%gtcﬂicﬁeaicgiffaﬁseofg&%p%%@& Ppwﬁ%?m{@ %IQ%EG@%W%%W

in the mimenesth eaerauwe wslsetat 7RG W ¢lsvas ﬁeuﬁjmh el n ]ﬁq'ﬁab’teen;ﬁ:raﬂm: dldviagion,
ti ' b4 150Cx5 haurs. after..pre-c Q

e a0 RS Rl - RSO 5 ARS8 P Vil

t hi cknes suetigwobwasadditiorgly eildadal 7.aees ofla 50062listiied Speeenetbamlnphiiion

Di st ance JhgbMRaNr6HWEE Bver etk of 50 bkl GiY HnBGnbESa reRbbd by PRER0R

hp T ?@%&%&%%é%&?ﬁdrﬁé&m Gl sPoxs RooRed Vit a
fillesl i B%aques diRgRopétsodiing he@hatd kSlutios Bid Mes abaH 9D OFo LB hb £l Ivas
mm - on V\Aljéc%\r}ergg' th?‘%g%séigtﬂla%’%n at 80°C. Then, 200 parts of methyl isobutyl ketone
(MIBK) was added thereto and washing with water was repeated three times. By
subjecting the organic layer to solvent removal at 100°C under reduced pressure, 152 parts
of an epoxycyclohexyl group-containing organopolysiloxane (EP-3) was obtained. The
20  epoxy equivalent of the obtained compound (EP-3) was 1040 g/eq, the weight-average
molecular weight was 2,290, and the appearance was a colorless and transparent liquid
resin.
[0087]
Synthetic Example 10
25 Into a reaction vessel were charged 375 parts of 3-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, 475 parts of a silanol-end methylphenylsilicone
oil having a weight-average molecular weight of 1,900 (a measured value on GPC) (silanol
equivalent: 950, calculated as a half of the weight-average molecular weight measured
using GPC), and 40 parts of a 0.5% methanolic potassium hydroxide (KOH) solution, and
30  the bath temperature was set at 75°C to elevate temperature.  After temperature elevation,
they were reacted for 8 hours under reflux.  After 655 parts of methanol was additionally
added, 144 parts of a 50% distilled water-methanol solution was added dropwise over a
period of 60 minutes and the whole was reacted at 75°C for 8 hours under reflux. After
completion of the reaction, neutralization was performed with a 5% aqueous dihydrogen
35  sodium phosphate solution and then about 90% of methanol was recovered through
distillation at 80°C. Then, 750 parts of methyl isobutyl ketone (MIBK) was added thereto
and washing with water was repeated three times. By subjecting the organic layer to
solvent removal at 100°C under reduced pressure, 647 parts of an epoxycyclohexyl group-
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el ement having an em ssi on wavel ength of 465 nm had been nounted,
using a precise injection apparatus. Thereafter, an LED for |ighting
test was obtained by curing under prescribed curing conditions. For
the lighting test, a lighting test at 210 mA that was 7 tines the

speci fi ed:oﬁtﬁrﬁ@@brgﬂﬂ@pomﬁilbﬁmﬁmgrwa%m&hﬁdat dhelefSty edae&aaédt @€ the

condi tion nent ance
befor e arpaifCeommRt g SH sAP aBu B Relehtattare Golsshlay Vet Was 2,100,
i nt egr at iang tispdppearancedwas a eslendss and tratspareht fiquidmsiance of the LED for
test was cal cu@%n]j Detailed conditions for lighting Em ssion

wavel engt h: 46 10Driving nmet hod: constant current nethod, 210 mA
(spechf i dixagptasditio dp, @hﬁpml‘gﬁs]ﬁwﬁﬁémnt was 30 mA) Driving

envi ronnent :  25Gins@adbt th3d o'l}%ﬁl%ntf c%bcﬁ% é§élé'88§1 Bﬁu@%s(l\ﬁﬁfm PMA-6
(OorrosweggigdPer ation Test) package pre ared W|th each of

t he obt ai®h PApY e paesent Ieﬁ?mwgl%aé@l%rwg tharpleialgd in a

colr r osi vlebagaagylwmad rdstie(J£3)lak @\Wutifg endi Iu'&in@ﬂﬁe qmty&@sh@ (Ele-hyaﬂt@nﬁﬂ 1ﬁ he

siliver - a art resent ,i nsi

Sbser ven SSbfigtis Bkl 0as AR cbp Bl B35 ha e Efhel B GE BRR Ofonsihs b

vei ght  aguasotsteedonHope ShemiabCe o Lid. | tomeigafter céfeired toasiE2)cms Iao:fuedg

bl ack in C ver.)

20 ot A&t @E S RS Babifloe AL naRTRONRA Ly EDERAS HERME el i ks

B it b0 amdam A SRR 260 rvat g uieul ey AP A oo e £ gt

bot | o nialetit AL Thep SAdSc NI MAaMIHARL (Rbishlro) kRl Mﬁ?ﬁd

(0] e a vVa |

cont act &?%Wlﬁ% ial?ﬁ % E’ﬁggg Ing Wﬂbﬁgﬁﬂfg’ﬁa f&q@g}% to T’LIE‘H% { fwa ble resin

r eqlliiﬁ ed g?mpiﬁmmﬂ the ptdsentlieeshtibn ane cmﬁglfeeastm B&npdiléiﬂuﬁiﬁfdr h@mbﬁﬁ%orr]l LD
acC was opserve e

P kage Peaut VB R RGNt SRR EaAE e ot 1Rt 8 Sraniee

excel | enes phowneslewv.ankesults amhpwlln§alda§ pér ﬂwctqnonctlong 009y cqnditivine af

Exanpl e 330%xa ?sa?ffE r PRIBAE 3 1 Y@ S8Rt unf Bist s@feaPol yval ent
car boxyl i c aci ] tion y nesg:%gﬁ S
(1) Tensile Test 1n accordance with JIS K 6911
20 Sample thickness: 0.9+0.05 mm, Sectional area: 4.5+0.2 mm?
Speed: 5 mm/min, Distance between chucks: 15 mm

(2) Heat-durable Transmittance Test

The obtained curable resin composition was gently poured onto a glass substrate
on which a dam had been formed with a heat-resistant tape so as to be 30 mm x 20 mm x 1
25 mmheight. The poured article was cured at 150°Cx1 hour after pre-cure of 120°Cx3
hours, thereby obtaining a test piece for transmittance having a thickness of 1 mm.
Using the test piece, transmittance (measurement wavelength: 400 nm) before and
after standing for 72 hr in an oven of 150°C was measured by a spectrophotometer and a
change rate thereof was calculated.
30 Evaluation: the case where a decrease in the transmittance is less than 5% is Good,
the case where a decrease in the transmittance is 5 % or more to less than 10% is
Moderate, and the case where a decrease in the transmittance is 10% or more is Bad.
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7.6

Pol yval ent carboxylic acid resin J-2

9.9 Epoxy resin EP-4

10.0 10.0 10.0 Catalyst G2 0.1 0.1 0.1 Additive AD-1 0.02 0.02

0. 02

10

15

20

AD-2 0.02 0.02 0.02 Cured physical

[0089]
[Table 4]
Compa-
Example | Example | Example | Example | rative
16 17 - 18 19 Example
4
MA-4 9.2
Polyvalent carboxylic MA-5 8.3
acid composition MA-6 7.8
MA-10 7.0
Compo- | Polyvalent carboxylic
e - . J-3 9.9
sition acid resin
Epoxy resin EP-4 10 10 10 10 10
Catalyst C-2 0.04 0.04 0.04 0.04 0.04
Additive AD-1 0.02 0.02 0.02 0.02 0.02
AD-2 0.02 0.02 0.02 0.02 0.02
Elongation
Cured | Temsile |  at % 384 | 496 | 651 | 304 20
. test maxinnun
phys1c?1 point
properties [ cat-durable % 961 | 959 | 955 | 951 | 956
transmittance test Evaluation | Good Good Good Good Good

[0090]
Examples 20 to 22, Comparative Example 5

Using each of the polyvalent carboxylic acid compositions (MA-7, MA-8 and
MA-9) of the present invention or, as Comparative Example, the polyvalent carboxylic
acid resin (J-3) as a curing agent, using the epoxy resins (EP-3 and EP-4) obtained in
Synthetic Examples 9 and 10 as epoxy resins and using the curing accelerator (C2), and the
additives (AD-1 and AD-2), they were blended in the blending ratio (weight ratio) shown
in the following Table 5 and defoaming was performed for 20 minutes to obtain a curable
resin composition of the present invention or a curable resin composition for comparison.

Using the obtained curable resin compositions, tests were performed in the manner
as shown below. Results are shown in Table 5. In this connection, curing conditions are
150°Cx5 hours after pre-cure of 120°Cx2 hours,
(1) Peel Test  in accordance with JIS K 6911

Support: a rough surface of a copper foil was used, Sample width: 10 mm, Peel
speed: 3 mm/minute
(2) Tensile Test  in accordance with JIS K 6911

Sample thickness: 0.9+0.05 mm, Sectional area: 4.5+0.2 mm?

Speed: 5 mm/min, Distance between chucks: 15 mm
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properties Tensile test Elongation at nmaxi num point % 36.9 38.7 22.1
Lighting test Illum nance retention rate % 101 103 103 Corrosive gas
perneation test Retention tinme hour >2 hours >2 hours 1 hour [0095]
5 Exanpl e 25 Into a flask fitted with a stirrer, a reflux
condenser and g®tjrring apparatus were charged 365 parts of the

dual - end [&agbi ?ol -nodi fied silicone conpound (51-2), 9 parts of
pent aer yt f2ele ) (hereinafter referred to as saturated aliphatic .
pol yval dnt al coho] AL-3), and 168 part s |&kaeMe| Beaeplanhyarilee ative
and a redaction wak carried out at 90C far 29hours?2hndl 10%32 0c| tkamgle 5
hours tq thereby DbidjAicRAGrRayits Y pol §¥al ent _carpoxyliclacid
conposi tli on (MA- 1B) gadgemﬁlggggﬂb esq MAd {ranspatentSliguid. (weight of
t he polylval ent carboxylic acid derliMéeP from51t2 (J)/weifht of the
pol yval gnt car boxy|Radyvalsnikaderiliced fyrom AL-3 (K) =90/ 1D) [0096] 15,
Exanpl e (26, Conpar at i veciéxesipl e 7 [USing|the pol|yval ent carbokylicC
acid com:)03|pt I ons| ( MA- 9fsint he prBB&nt i®mb¥enti ohlor| a&0Copparéabi ve
Exanpl e,| the pol ypyal en c%reboxyl i ¢ BR#Hdjresdn (J-8) as ad.eur|ng 4.0
agent, Using the |epoxy €Caslysts ( EP{3 Cahd| ER-04) pbwauned i004Synt hetddc
Exanpl e§ 9 and 10| as ep %\éivr esi ns |aad-1usi 0.g08 he €008 np aocel pr apoos
(C2) and the addifives ‘% f and 20880 ) 0.00hey swoE bl eoded] 1 ngobe
bl ending ratio (wWepdghiestl|afdeDstref@RWN NN { h@ 3001 | owigng [Tahlze 7| andvp
def oam ng ?‘:Her for med [TRlbngdloratfut €s 0 obtajn a cufabl e TEST N
conposi t]i HYIFA t hie THES dntmisme@nt i| oresor | azegr abl @gnesf n2ggnppsi tiggn
for conpaPfo8eHes test point
*ND the cured material is brittle and is not a level capable of evaluation and is broken
immediately after evaluation.
5
[0092]
From the above results, it is understood that the curable resin composition of the
present invention is excellent in close adhesiveness, toughness and heat-resistant durability.
[0093]
10  Examples 23 and 24, Comparative Example 6
Using the polyvalent carboxylic acid composition (MA-11 or MA-12) of the
present invention or, as Comparative Example, the polyvalent carboxylic acid resin (J-2) as
a curing agent, using the epoxy resin (EP-4) obtained in Synthetic Example 10 as an epoxy
resin and using the curing accelerator (C2) and the additives (AD-1 and AD-2), they were
15  blended in the blending ratio (weight ratio) shown in the following Table 6 and defoaming
was performed for 20 minutes to obtain a curable resin composition of the present
invention or a curable resin composition for comparison.
Using the obtained curable resin compositions, tests were performed in the manner
as shown below. Results are shown in Table 6. In this connection, curing conditions are
20  150°CxS5 hours after pre-cure of 120°Cx2 hours.
(1) Tensile Test  in accordance with JIS K 6911
Sample thickness: 0.9+0.05 mm, Sectional area: 4.5+0.2 mm?>
Speed: 5 mm/min, Distance between chucks: 15 mm
(2) LED Lighting Test
25 After each of the curable resin compositions obtained in Examples and

Comparative Example was subjected to vacuum defoaming for 20 minutes, it was filled
into a syringe and injected into a surface-mounted LED (¢ 5 mm) on which an emission
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Usi ng the obtained curable resin conpositions, tests were perforned
in the manner as shown below. Results are shown in Table 7. In this
connection, curing conditions are 25150Cx5 hours after pre-cure of
120Cx2 hours. (1) Peel Test in accordance with JIS K 6911

Support: e Bhving bh e8sstn Wave of 45 B BERR thoum P Lifin P Prddise 10
mnm Peel .speed: 3 nnim%tere éZ) St“ﬁ Test in ac%or,da ce wth JIS
K 6911 S3RSPEn 3RPaIatss s I hereghicipan i b Hehtyigdrst syas gotainaspy,cuipg under

Speed: 5 prescribed cudlptodndigiobst e ihehigltios test, o INahting kesk B2 10 @ Atthagvakest
5Aft er ea%ch %& theg—f rable resin cong)g)si ti nst ?gtﬁ: d[?%nd Exﬁiﬂ)l e and
Conpar at 11 0esEls PRSI et etioras peRlp el Tl coalitaie deshi ldeteled cRECiaS BLe
it wa8 fishbedbelowo assymeasyenzantitem) Botréoancabefoze sndrdfeee dghibegifor @0 hEDs
(F 5 m . iy e Vi _ ol ‘

U a6n )8 riiad B0aE ThieA9ify SRA alleRABH rALL SAANARY B BRGIHD

Ther eaf t 497 tegiwasmploplted. j ght i ng t est was obtai ned by curing under 10

prescr i beskisilédi BadiEeRHT Ok 1igRSng FOr the lighting test, a lighting test
at 210 mA that_was. 7 ti sg&{;g ?Bﬁglfled current was performed for
accel er at ed te@ﬂlsst%‘t‘ﬁﬂggﬂ‘ f ns were shown bel ow. As a
measu@enent i t Prvinglmigthodroasthefcurenianéthed, D20 nhA (pktifigd barre®@fltaur s
was rreas%gnel%i lﬁsilnlgez%n isggﬁg{\gti ng sphere and a retention rate of

i || umi nance or the L st was cal cul ated. 15Detail ed conditions

for |ighting ERvisgigenvizewmtenik, 6ABRH i m Driving met hod:

t ant Ei _ O
oot (2LIAERL IS S8 NS e Bl 0T, "
Resi st ance to 4ad-Fbbparkags pRPEd Midsiaghk ofths opained surable reigropmpositions

An LED paekanewsd fPddridn W doRo§ia6 Badiindeh the GBS R dofditidR d &3drthange of
COFYpOSItIOI’]S waslfaallo to s n I‘I‘OSIV? as under tne

fol | owi ngPecBNEPlalsAde oP S@ﬁﬁhg@?ﬁ&? FREABSY G WasR s vedad fr ame

part presdasumsienteCariiiti@neapsul ati on was observed. <Measurenent

Condi ti > 25 j Ve, o % i i [, f.i
Conc 1 ons= 3558 Ao . 00l AP SO AT
conponenbe reloradddackdn ke ¢ase whergrthe sulfur comBomend ét reassechwith silmeldr a

o | . PR . pomae :
vedonY cont an o kel SR Wnkdte £ 8RR ol AR A T L BB L il nitpid
package WReile pyesed soniayehBe agncoxs wraroniyn sHdide selutior andhineJ 4 package

amnlz Ni UMagtd flactd t0gshatas a FdéhlcaviRd HolleCRAB abdtiRd @ah@ i timWut el dag wakD
package.

Judgnent _on cojyr,0 . The tinme required for coloring
the | eada??‘ﬁ%tzgﬁgeggtotcﬁgpaﬁﬁﬁégﬁa%@ PRPKRER: (cal | ed bl ackeni ng) was
observed ever yuldgmentamctotiosioh EThgihmnk agmirce dori colormglthalped fiealegresehange
ti S } B0, esi R QSLV.
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corrosive gas permeation.
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Pol yval ent carboxylic acid resin J-2 8.7

0. 008 0. 008 physi cal

Epoxy resin EP-3 6.0 6.0

EP-4 4.0 4.0 Catalyst G2 0.1 0.1 Additive AD-1 0.008 0.008 AD- 2
properties Peel test Peel strength
[0094]
[Table 6]
Example | Example | Comparative
23 24 Example 6
Polyvalent carboxylic acid MA-11 7.8
composition MA-12 7.6
Polyvalent carboxylic acid resin J-2 9.9
Composition Epoxy resin EP-4 10.0 10.0 10.0
Catalyst C-2 0.1 0.1 0.1
i AD-1 0.02 0.02 0.02
Additive AD2 | 002 | 0.02 0.02
Tensile test | Liongationat |1 g5 | g5 22.1
Cured max1mt}m point
physical Lighting test Illum‘mance % 101 103 103
. retention rate
properties Corrosive gas
ves Retention time hour | >2hours | >2 hours 1 hour
permeation test

10

15

20

25

[0095]
Example 25

Into a flask fitted with a stirrer, a reflux condenser and a stirring apparatus were
charged 365 parts of the dual-end carbinol-modified silicone compound (SI-2), 9 parts of
pentaerythritol (hereinafter referred to as saturated aliphatic polyvalent alcohol AL-3), and
168 parts of the acid anhydride (H2) and a reaction was carried out at 90°C for 2 hours and
110°C for 3 hours to thereby obtain 542 parts of a polyvalent carboxylic acid composition
(MA-13) as a colorless and transparent liquid. (weight of the polyvalent carboxylic acid
derived from SI-2 (J)/weight of the polyvalent carboxylic acid derived from AL-3
(K)=90/10)

[0096]

Example 26, Comparative Example 7

Using the polyvalent carboxylic acid compositions (MA-13) of the present
invention or, as Comparative Example, the polyvalent carboxylic acid resin (J-3) as a
curing agent, using the epoxy resins (EP-3 and EP-4) obtained in Synthetic Examples 9
and 10 as epoxy resins and using the curing accelerator (C2) and the additives (AD-1 and
AD-2), they were blended in the blending ratio (weight ratio) shown in the following Table
7 and defoaming was performed for 20 minutes to obtain a curable resin composition of
the present invention or a curable resin composition for comparison.

Using the obtained curable resin compositions, tests were performed in the manner
as shown below. Results are shown in Table 7. In this connection, curing conditions are
150°Cx5 hours after pre-cure of 120°Cx2 hours.

(1) Peel Test  in accordance with JIS K 6911
Support: a rough surface of a copper foil was used, Sample width: 10 mm, Peel

speed: 3 mm/minute
41



N 2.0 ND Tensile test oint Elongation at maxi mum point % 33.1 ND
Lighting test Illum nance retention rate % 105 104 Resistance to
corrosive gas perneation test Retention tinme hour >2 hours 1 hour
*ND the cured material is brittle and is not a | evel capable of
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into a syringe and injected into a surface-mounted LED (¢ 5 mm) on which an emission
element having an emission wavelength of 465 nm had been mounted, using a precise
injection apparatus.. Thereafter, an LED for lighting test was obtained by curing under
prescribed curing conditions. For the lighting test, a lighting test at 210 mA that was 7
times the specified current was performed for accelerated test. Detailed conditions were
shown below. As a measurement item, iluminance before and after lighting for 20 hours
was measured using an integrating sphere and a retention rate of illuminance of the LED
for test was calculated.

Detailed conditions for lighting

Emission wavelength: 465 nm

Driving method: constant current method, 210 mA (specified current of the
emission element was 30 mA)

Driving environment: 25°C, 65%RH
(4) Test for Resistance to Gas Permeation (Corrosive Gas Permeation Test);

An LED package prepared with each of the obtained curable resin compositions
was allowed to stand in a corrosive gas under the following conditions and color change of
the silver-plated lead frame part present inside the encapsulation was observed.
<Measurement Conditions>

Corrosive gas: A 20% by weight aqueous ammonium sulfide solution (which is to
be colored black in the case where the sulfur component is reacted with silver)

Contact method: Under a tightly closed situation with capping the wide-mouthed
bottle, a vessel containing the aqueous ammonium sulfide solution and the LED package
were placed together in a wide-mouthed bottle and vaporized ammonium sulfide gas was
allowed to come into contact with the LED package.

Judgment on corrosion: The time required for coloring the lead frame inside the
LED package black (called blackening) was observed every hour and the LED package
requiring longer color change time is judged to be more excellent in resistance to corrosive

gas permeation.
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As apparent from the above results, it is understood that the epoxy resin
composition of the present invention affords a cured material not only excellent in heat
resistance and light resistance but also excellent in close adhesiveness and toughness and
further excellent in resistance to corrosive gas permeation.

[0099]

While the invention has been described in detaﬂ and with reference to specific
embodiments thereof, it will be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the spirit and scope thereof.

The present application is based on Japanese Patent Application No. 2009-232113
filed on October 6, 2009, and the contents are incorporated herein by reference. Also, all
the references cited herein are incorporated as a whole.
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a > [ )

al'icyclic epoxdP? @gq(iwt&ﬁ@pwlwaw@swpolglﬁ&@ob@ﬁtedibmaﬁglt@mr%@ﬁe ofa
Cesi [ . _ . el . e
wher i . Sha R A vk e PR d orflie bty
35 [ d ai grovp} witbaresthpeuné (d)diavisigtane we thobycarbeiytig anhedridergiblies indlss n
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[Claim 2] The polyvalent carboxylic acid composition according to claim I, wherein
20  the compounds (b) and (d) are each an acid anhydride having a cyclic saturated
hydrocarbon as a core skeleton.

[Claim 3] The polyvalent carboxylic acid composition according to claim 1 or 2,
wherein the corﬂpounds (b) and (d) are each at least one acid anhydride selected from the

25  group consisting of methylhexahydrophthalic anhydride, hexahydrophthalic anhydride,
cyclohexane-1,2,4-tricarboxylic acid 1,2-anhydride and bicyclo[2,2,1]heptane-2,3-
dicarboxylic anhydride.

[Claim 4] The polyvalent carboxylic acid composition according to claim 3, wherein
30  the compounds (b) and (d) necessarily comprise methylhexahydrophthalic anhydride.
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[Claim 5] The polyvalent carboxylic acid composition according to any one of
claims 1 to 4, wherein the compound (c) is a polyvalent alcohol having 2 to 6 functional
groups, total number of the carbon atoms in one molecule being 5 to 20.

[Claim 6] A process for producing the polyvalent carboxylic acid composition
according to any one of claims 1 to 5, which comprises:

adding the compounds (b) and (d) having one or more carboxylic anhydride
groups in the molecule to a mixture containing the silicone oil (a) and the saturated
aliphatic polyvalent alcohol having two or more functional alcoholic hydroxyl groups and
simultaneously carrying out the addition reaction of the silicone oil (2) with the compound
(b) and the addition reaction of the compound {(c) with the compound (d).

[Claim 7] A process for producing the polyvalent carboxylic acid composition
according to any one of claims 1 to 5, which comprises sequentially reacting the following
step (A) and step (B) in one pot:

Step (A): a step of addition reaction of the silicone oil (a) with the compound (b)
containing one or more carboxylic anhydride groups in the molecule;

Step (B): a step of addition reaction of the saturated aliphatic polyvalent alcohol
(c) having two or more functional alcoholic hydroxyl groups with the compound (d)
having one or more carboxylic anhydride groups in the molecule.

[Claim 8] The process for producing the polyvalent carboxylic acid composition
according to claim 6 or 7, wherein the addition reaction is carried out at 40 to 150°C with
no solvent or in an organic solvent in an amount of 50% by weight or less based on the
total amount of reaction substrates in the raw materials to be used.

[Claim 9] A curable resin composition containing the polyvalent carboxylic acid
composition according to any one of claims 1 to 5 and an epoxy resin.

[Claim 10] The curable resin composition according to claim 9, wherein the epoxy
resin is an alicyclic epoxy resin and/or an epoxy group-containing silicone resin,

[Claim 11] The curable resin composition according to claim 9, wherein the epoxy

resin is an epoxy group-containing silicone resin.

{Claim 12] A cured material obtained by curing the curable resin composition

according to any one of claims 9 to 11.
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