WO 01125317 PCTV3P00106951 - 1 DESCRIPTION METHOD OF TREATI NG EPOXY
RESI N- CURED PRODUCT Technical Field 5 The present invention relates to a
met hod of t waaiizesy7 an epoxy resin-cured product, a net hegdrdeepsg@parati ng a
conposite material of inorganic matter and epoxy resin-cured product, and
a treatnment liquid for an epoxy resi n-_cgrgd product. 10 Background Art
Epoxy resin-cured products are used in variety of fields such as

i nsul ating nmaterial s,- adhesives, and paints due to their superiority in
el ectrical characteristics, heat 15 resistance, and adhesi on. However,

since the epoxy resin becones i nfuygiserepetfeli nsol ubl e i n general - purpose
solvents after it is therno-cured, it has been difficult to recycle the

epoxy resin-cured pMBEHER SORMREATING CEROXI RESINACURBED PREDUGT I €Si n- cur ed
product adheres or on which the epoxy 20 resin-cured product is applied.
Furthernore, it has been difficult as well to. separate inorganic fillers,

i norgani ¢ feb8hScal BTG C textile fabrics, inorganic'fiber nonwoven
fabrics, etc., which are blended with the epoxy resin to. increase the

resin's gechani ofle PSRRI S5vRhtiBE Haqlégteérﬂ?n a ZRetila 651 PG

products, for recycling purpose. A technique of grinding, pulveri zgng, and

separ ati ng aaccepekygresifipeeidd Cpgbavét Y &S mettid@WofXa8pheaing get hod WO

0125317 PCT/JP00/ 06951 2 of separating a printed wiring board, which is a

conposite composite material of inorganic matter and epoxy resin-cured
product, and a treatment 1ligquid for an epoxy resin-cured
product.

10
Background Art

Epoxy resin-cured products are used in a variety of
fields such as insulating materials, adhesives, and paints
due to their superiority in electrical characteristics, heat

15 1resistance, and adhesion. However, since the epoxy resin
becomes infusible and insoluble in general-purpose solvents
after it is thermo-cured, it has been difficult to recycle
the epoxy resin-cured products and products to which the
epoxy resin-cured product adheres or on which the epoxy -

20 resin-cured product is applied. Furthermore, it has been
diffiocult as well to-separate inorganic fillers, inorganic
fibers, inorganic textile fabrics, inorganic’ fiber nomwoven
fabrics, etc., which are blended with the epoxy resin to
increase the resin's mechanical properties or the like, from

25 tﬁe resin-cured products, for recycling purpose.

A technique of grinding, pulverizing, and separating

according to specific gravity is a known example of a method



mat eri al .of epoxy resin-cured product and inorganic matter such as gl ass
fiber and netal, into each copmponent. However, although recovery and
recycling ofwoeisss are possible to 5 sonme extent in thiSpeBRifinbkest

pul verized gl ass fibers and resin powders thus obtained can be utilized
only as fillers. Therefore their value gs~valuable goods is significantly
low, and, in addition, it has been inpoSsible to separate each conponent
perfectly. Al so, known exanples include a nethod 10 in which resins of

printed wiring boards, |amnates or the |ike are thermal-deconposed to
recover netalsr aibagatisg hi peiftsli keridie BdiaTehnd @60 ROSE Gdnpokisedr €
gasified or |iquidized for the recovery, and a nethod of recovering not

only i norganmatemtia®r offutepaikyo relsdnt bered| priehetpendl Imsigasiclmalbiesever,
t hese net hods have several problens as follows. Thermal deconposition of
resins requi s&¢bhpghsiaspcithanr apd metahatindist gesbdcompenentand Howevenni C
matter are oxidized and denaturalized while resins are oxidized or

carboni zed, 3BPBBY FECPESEY ngRHnErFYGLIRNG: ohinBatals| A%e cBAGAIMLS okPc 20
mat eri al szsu S . Qgens,. a |.e separ.atd.on.an t.reat t of these
5 %'?,m% Q@équ: In %gtig a}%tho%p .%ulér&régege,glﬁﬁs t epﬁﬁ' pﬁg of

material s require enornous c ment i‘on oV

recycling of rekefi pswadheriils ¢9taiRes &A:pfbeofut&iﬂzé@.éxﬁf%tsf $9R¢eaL! Y

i
preferred. For this reason, there has been a proposition™2 or a net hod of

di ssol vi ng t lthereseé i tigeeSialueUasdvaRidia®e goBds oLy e ¢ni faTRAELR! 1dw) N
organi c solvents to separate inorganic matter such as netal and gl ass (see
Japanese WO @1fi2531n7 Ja01LIP00/ 0893Es Decondmposatbléatensepppiie abach
Publ i cation No. 10-314713). _However, because thernosetting resins

8

i ncl udi ng t hE°mBPBSHt rRRFELSHIY - ge AdEQL | FRPWR r $XAmR)iesh iaclndgepemathedir pose
10 in which resins of printed wiring boards, laminates or the

like are thermal-decomposed to recover metals and glass
fibers while the thermal-decomposed resins are gasified or
liquidized for the recovery, and a method of recovering not
only inorganic matter but also the thermal decomposed resins.
15 However, these methods have several problems as follows.
Thermal decomposition of resins requires high temperatures
so that obtained metals and inorganic matter are oxidized
and denaturalized while resins are oxidized or carbonized,
thereby decreasing their value; when resins contain toxic
20 materials such as halogens and lead, separation and
treatment of these materials require enormous costs.

As mentioned above, for the purpose of recycling of
resins, thermal decomposition of resins is not generally
preferred. For this reason, there has been a proposition

25 for a method of dissolving thermosetting resin-cured wastes
in solvents, especially in organic solvents to separate

inorganic matter such as metal and glass (see Japanese



solvents as is clear fromtheir definition "resin rendered 5 insol uble and
I nfusi bl e by application of heat", general solvents as exenplified in the
above pubMQWM2fBA do not have enough sol vency for sepaPGTPRMOBEY recovery
of resin-cured products. Therefore, pulverization is required as a
pretreatnment before the dissolving tveatnent, which places. a 10 [imtation
on the recycling application of recovered inorganic matter such as gl ass
fibers in that recovered inorganic matter can be utilized only as

pul verized matter and not as_woven or_nonwoven fabric w thout

r epr ocessPRgxanines Ratent Arptiratien iBblicatior iR ofid-314718D; ect of the

present inventjon to pggéi de a treat men% net hod i nvol, vi Eg?deco osition

and di ssol ut itV&®Tan US? e HIETMPSEA AP A UTTSIIT o REFIAERT o409 y
oh ! ! | t ! )
recover dsﬁ%ﬁs*gffﬂmﬁﬁg%ﬁ%&%} W%ﬁuﬁﬁ@ §n gBnYLh oM fialesi Ng

t her mal osit1 on. (0] e present “inventions to

provi de agosfeRtst AN 18EIdIRAr FeohVitheite GRIRAStioPN"Aesh i S&mddtldaon of an

epoxy resin-cured product to easily separate the inorganic natter and

resi n £ONpASENEB1E Orndi NBtfusitde?Sby ompplitathat eofalheaft ", noggmeral nat t er
and epoxy resin-cured product each in a recyclable state. A further object
of the prestwentsvasitexennldfiedpinythe v/ mupdipapton j@Qoresdswe 4 g

treatment liquid for an epoxy resin-cured product for use in the
above. menePBHER ERIVABEKoHET SRBAREELoR endi ZRPGYERE o) BPFIRERFRAY i ng

boards, a__varigty of | I qul een ed.. | r §o b
di ssol ve Pﬁg ‘é%g‘%%y res?iﬁgg#rlcgrcé'pr;adﬁaqu\égﬁgg a#ge?fzél%]%ﬁ [ CILﬁSd for the
epoxy reshPatPeLtmdh O BEoreP Bl #i8808ving treatment, which places a
10 limitation on the recycling application of recovered
inorganic matter such as glass fibers in that recovered

inorganic matter can be utilized only as pulverized matter

and not as woven or nonwoven fabric without reprocessing.

15 Disclosure of Invention -
It is therefore an object of the present invention to
"provide a treatment method involving decomposition and
dissolution of an epoxy resin-cured product in order to
easily recover the resin components in a recyclable state
20 without causing thermal decomposition.

Another object of the present invention is to provide a
separation method -involving decomposition and dissolution of
an epoxy resin-cured - product to easily separate the
inorganic matter and resin components contained in a

25 composite material of inorganic matter and epoxy resin-cured
product each in a recyclable state. .

A further object of the present invention is to provide



hal egenat ed hi gh- nol ecul ar-wei ght epoxy pol yner, we have reported a series
of etching liquids which contain am de- based sol vents and al kali netal
conpounds bMOME5HHt contain 10 dangerous chenical s such rCI/Poysesnt r at ed
sul furi.c acid and chromc acid (see Japanese Unexam ned Patent Application
Publication No. 8-325436, No. 8-325437, 4No. 8-325438, No. 9- 316445, and
No. 10-126052). Al of these etching liquids have conventionally been
directed to etching and renoving 15 parts of resin-cured products to form
electric circuits, and recovery and recycling of the resin conponent after
renoval hate tFeatment t higquidk far or epoxyntesimicualeld. prHodeutr fomeusdave
found a fact that the resin congonents and inorganic matter can easily be
recovered i AfathecsReupmentigped piwo metdiods- t hese et ching |iquids i nproved
as a liquid for __decpnpasition and dissqlution of .the epoxy resin-cured

Ty EBSORYeRE G BTOTHRE e S teA dHETOA (hratds | &

product. Accordi'hg

provi ded a of ,dr ' a resj.n- d pr.oduct. with a
treatment | ?g%?gg%orﬁftai %?Ir’l%ﬁgg de&g%ﬁ%g%i tr?a?ﬁ cg%%fygféaorl%pgfbefesti%- cured
product s5s angdigBoD¥gathé epb: e&bsiﬂ-&mm%%a@%d laSS YV ead h
resin-cured WO 01/ 25317 P%T%POO/ 06951 - prodtfglta.s 'clahse%dﬁecgtrrpom I on
cat al yst foiligpbdy fasi rcheur egoxpr orkts- cheed e SpAaiuctc Alcahpsisinyg cleave the
ether linkage in the epoxy resin, thereby accelerating the deconposition
of the epoR¢legenated \obigh-mplerulnr-yedoht c epokyeripolBneAscowei raven
anot her aspect of%ésh lon _there is provided a nethod of

i

separ ati ng 5?8%% gegge gg P?P%Fﬁ&&&ﬁ%‘imﬂ afieP &gk yankde-n- cur ed
product, WL Ll COMYdnES ahACa iRl LAY 1S tcgﬂﬁoéx}as A 63 hot contain

10 dangerous chemicals such as concentrated sulfuric acid and
chromic acld (see Japanese Unexamined Patent Application
Publication No. 8-325436, No. 8-325437, No. 8-325438, No. 9-
316445, and No. 10-126052). All of these etching liquids
have conventionally been directed to etching and removing

15 parts of resin-cured products to form electric circuits, and
recovery and recycling of the resin component after removal
have been neither meant nor intended at all. However, we
have found a fact that the resin components and inorganic
matter can easily be récovered in r—.; recyclable state by

20 using these etching liquids improved as a liquid for
decomposition and dissolution of the epoxy resin-cﬁred
product.

According to one aspect of the present invention there
is provided a method of treating an epoxy resin-cured

25 ©product with a treatment liquid containing a decomposition
catalyst for epoxy resin-cured products and an organic

solvent to decompose and dissolve the epoxy resin-cured



(1) treating the conposite material of inorganic matter 10 and epoxy »
resi n-cur ct with a treatnent liquid containing._a, deconposition
catal yst for €epoxXy resin-cured products. and an organiGKQHF@@WF to
deconpose and di ssolve the epoxy resin-cured product; (2) separating the
inorganic matter fromthe liquid 15 obtained in the step (1). According to
anot her aspect of the present invention there is provided a treatnent
liquid for an epoxy resin- cured product containing a deconposition

catal yst fqr y rgsSiNs I ct n gani.¢c solvent. 20. The

t reat ment %§°§§ and ﬁ%a?%ﬁ“@%%ﬁ%gd %E%ggﬁﬁngg%o PP%% % 5§%ﬁ?uﬁen(}/ent I on
can deconn@s®albtsdsaspbyCas e QARIY st @31 B1&AFEShHY Qe 19nRagd |n recover
the resin conponents in a recyclable state without causing therm
deconposi t ithe epoxyt thesiin,r ehdrebyy qndeleratthy othef deBbRpositSiono de 25.
treated by using the above-nentioned treatnent |iquid. The deconposition
product s cdihebepprsyytesin swollenampith,K the ergandw salventl for synthetic
resins. WO 01/25317 PCT/3P00106951 6 Wen a conposite material containing
i nor ganfc mat t efcceRding ybp e@PotheEe aspeste ®f t Hhe | REPERMT c LR¥eR oD

I nsoluble _in_the,treatne iquid (tnargapic filler, inorganic fjber
inorgan!C'ﬁ&ﬁrF e?f.)pfgﬁféﬁiiﬂy SE&?@%arS?edS??%ﬁﬁ 5% r &8F .t?iquiq
cont ai ni ng AL 4851 BECIXBRBARLS mbEED afdABAS EEIG-Age8! pEogaddOr gani ¢
matter as well as the resin conponents. Furthérnore, by apprlng the
present i nwailchOBompPriPés Ntird peilnewihgaseepsV () aaat s2ypunted t hereon, not

only 10 inorganic fillers and inorganic fibers, but also netal foils,
(1) treating the composite material of inorganic matter

10 and epoxy resin-cured product with a treatment 1liguid
containing a decomposition catalyst .for epoxy resin-cured
products and an organic solvent to d4ecompose and dissolve
the epoxy resin-cured product;

(2) separating the inorganic matter from the 1liquid

15 obtained in the step (1).

According to another aspect of the present invention
there is provided a treatment liquid for an epoxy resin-
cured product containing a decomposition catalyst for epoxy
resin-cured products and an organic solvent.

20 . The treatment method and separation method according to
the present invention can decompose and dissolve the epoxy
resin-cured product to easily recover the resin components
in a recyclable state without causing thermal decomposition
or without requiring pulverization of materials to be

25 . treated by using the above-mentioned treatment liquid. The
decomposition products can be recycled, fur example, as a

raw material for synthetic resins.



whieh are circuits, and parts connected to the circuits are dispersed in
the treatnment |iquid by deconposition and dissolution of the resin-cured
product, t hBP&F3habling separation and recovery of suBRTARASRESH c
matter. 15 Best Mbde for Carrying Qut the Invention A nmethod of treating an
epoxy resin-cured product according te éhe present invention involves
treating the epoxy resin-cured product with a treatnent |iquid containing
20 a deconposition catal yst for epoxy resin-cured products and an organic
sol vent to deco se and di ssqol ve-the egoxy resin-cured product. The epoxy

resin-cured proddCEtt & bEORRHEy Raterdel s fOPLR{RIRG R Xy
in . s o ‘

contain a cutfng” SEBtpefafe, 58, BrErtid. e, HhoRdBRl G PSR tanttalile yanc

etc. Componegs syl hered it NG RRAXY 1565554h 1119 e eiEHI:géQQ. A3’

PCT/ JP00/ 06951 7 as inpurities. Any epoxy resin can be an object to be

treated as fafiorgimiid BASLAN eARQYY EPURabDLY hdeMObEFAMtLLeddNEr&i A HeES

t her eof include bisphenol A-type epoxy resin, bisphenol F 5 type epoxy
resin, bisphtredtm@ntypéigqepdxcondeiiningl ithecl resirpsoppossnhs, alvhdleht i ¢

| i near epoxy resin, phenol novol ak- type epoxy resin, cresol novol ak-type
epoxy resi n, Plafe nBRcYAiRgy Rakthg pdnepdsiic dratteryizg ywell| ast fdes of

bi phenol s, di cidyl ethers of naphthal enediols, diglycidyl ethers of 10
phenol s, di g??%%ﬁ""%’f’ﬂ%? Sof al cohol's, and conmpounds obtai ned from

Lo ogonaci e or PRSSAEENTI L SRSLALY! 160 YokleRt P
printed wired boards with parts mounted thereon, not only
10 inorganic fillers and inorganic fibers, but also metal Ffoils,
which are circuits, and parts connected to the circuits are
dispersed 1in the treatment 1liquid by decomposition and
dissolution of the resin-cured product, thereby enabling
separation and recovery of such inorganic matter.
15
Best Mode for Carrying Out the Invention
A method of treating an epoxy resin-cured product
according to the present invention involves treating the
- epoxy resin-cured product with a treatment liquid containing
20 a decomposition catalyst for epoxy resin-cured products and
an organic solvent to decompose and dissolve the epoxy
resin-cured product.
The epoxy resin-cured product to be treated is
essentiéliy comprised of an epoxy resin, a curing agent, and
25 a crosslinking agent, and may further contain a curing
accelerator, a catalyst, an elastomer, a flame retardant,

etc. Components other than the epoxy resin may be present



can be used singly or in conbination. Anong the above-nentioned epexy -
resins, uﬁ’g"?’ﬁ%l 15 preferably be nmade of epoxy resins wg{ogen

| ocated i rtho position on the benzene ring W|th respec o the

et her group bonded to the sanme benzene group is substituted wth a hal ogen
atom such as chlorine and brom ne. Such~ epoxy resins are obtained by
reacti ng hal ogenat ed bi sphenol 20 conpounds such as tetrabronobi sphenol A
wi th epichlorohydrin, -and exanples include hal ogenated bi sphenol A-type
epoxy resin ﬁgrgggggted bi sphenol F-type epoxy resin, and hal ogenated

bi sphenol as. ?yoe epoxy resin. VWen an el ectron- w thdraw ng hal ogen atomis
bonded to the Hap Zég@x ¥ i Pes O dan lHE SPOXYIEESi to Ké cavedredlad hearet her

| i nkage is nore I'’kel'y to occur, which can facilitate deconposition and

di ssol uti @a oftt hasepaxy epegiyn-graupd jm odhet mulerudeWD d&id 2884mples

PCTI JPOO/ 06951 8 treatnment liquid. Any curing agent for epoxy resins can
be incl udétlensoff dncaydpt bigphened dpb¥pe r eBPRE, rﬁﬁ@exhﬁ?ﬂ’@@heﬁ‘eof

i nclude multifunctional phenols, amnes, imdazole coggounds

anhydr Pde$¥P6r QERARY pﬁ%%’pfhorﬁ% PRERRIUNTEEYRE JSRSFY (ZES1R¢ Pﬁécchic |
o e RS0 eATROUIS A o0 SR RIPOuREy, Oy URgBLESlY O 11

nDunt |ng agen ed I S nbt
speci fi caly efde8$n f 8&résol tno%%ﬁ.aﬂ"—@f‘%éee Jiﬁr%s'iﬁg beaphéwen of the
10 epoxy g%’up, % cﬁrlrrllg agent is preferably 1|snc luded in a range of 0.01
to 5.0 equ wvollak-tgpeceporierabiy, | diglycidyd ethefts8ofobipBerglsyal ents,
relative to one nole of the epoxy group. Exanples of the multifunctional
phenol s | ddlgdyeidyl ethers of naphthalenediols, diglycidyl ethers of

10 phenols, diglycidyl ethers of alcohols, and compounds
obtained from the above-mentioned compounds by substitution
with an alkyl group, halogenation, or hydrogenation. They .
can be used singly or in combination.

Among the above-mentioned epoxy resins, use can

15 preferably be made of epoxy resins whose hydrogen located in
the ortho position on the benzene ring with respect to the
ether group bonded to the same benzene group 1s substituted
with a halogen atom such as chlorine and bromine. Such
epoxy resins are obtained by reacting halogenated bisphenol

20 compounds such as tetrabromobisphenol A with epichlorohydrin,
and examples include halogenated bisphenol A-type epoxy
resin, halogenated bisphenol F-type epoxy resin, and
halogenated blsphenol S-type epoxy resin. - When an electron- .
W:Lthdraw:mg halogen atom is bonded to the benzene ring of

25 the epoxy resin, cleavage of the ether 1linkage is more
likely to occur, which can facilitate decomposition and

dissolution of the epoxy resin-cured product with a



15 rmonocyclic bifunctional phenols such as hydroqui none, resorcinol, and
catechol ; polycyclic bifunctional phenols such as bisphenol A, bisphenol
F, napht hal WR&8H#B1%s, and bi phenols; and these conpounds PGCTIIBWHMSt ed or
substituted wth an al kyl group. Novol aks and resols, which are 20

pol ycondensat es of these phenols and al glehydes, can be used as well.
Exanpl es of the am nes include aliphatic or aromatic prinmary am nes,

al i phatic or aromatic secondary am nes, aliphatic or aromatic tertiary

am nes, quaternary ammoni um 25 salts thereof, alicyclic am nes, guanidines,
and urea devedfmantediqeady can be, for exanple, any one of N, N

benzyl di et hyl ami ne, 2-, (di net hyl am nonmet hyl ) phenol, 2,4,6 WO 01/25317
PCT/ JPOQ 06951 28¥ t‘?ﬁr&(‘gi REERT £OTn SRSy | B8sH@FoIcan: & atRgIMAeguAA di ne,

tri et hanol agjpe,. N, N.-di et hy| pi perazi ne 4- di gzabicycl o] 2, 2. 2] oct ane,
1 8 di azabi €I &P, 73\&?0]&-&7{}-9 &%”_’a’gcee e"_,"Yl,_‘s”‘-"ﬁi%%%'abia&‘_ c!%?fad‘?i’j.eﬁ] -EasRine, 5
hexanﬁthy|eﬂﬁﬁfﬁd&“ﬂdﬂ%&fﬁﬁ&iﬁbﬁ?? o %h%ﬂeam£h£§¥'£H¥H%2018Y568£$&H53?

di met hyl cycl ohexyl am ne, di nethyl hexyl'am ne, cycl ohexyl am ne,

di i sobuty| agei®, afhydirinds),| aidiic HHIRPAYEAT BEmpdud® hyAfdl hades
tri-n-propylamne, tri-n- octylamne, tri-n-butylam ne, triphenylam ne, 10
t et r amet hyl| efnmrbhe ubofre eméxiei onteglt remtcdupdarmorinym &f othelse compounds

t et ramet hyl ammoni um i odi de, triethyl enetetram ne, diam nodi phenyl net hane,
di am nodi phe#y | Pt reed SiRIAh ATt comkigiaripn gual tbough ablye vameumtand

2 ot hy! i m G oEe 2PREHSY - ASRBEN TS rida BIEaed T8t tRAY nPRATH Loty
2-phenylim dagQledy & adeqyl i d370L8smdte the curing reaction of the
10 epoxy group, the curing agent is preferably included in a
range of 0.01 to 5.0 equivalents, more preferably in a range
of 0.8 to 1.2 equivalents, relative to one mole of the epoxy
group.

Examples of the multifunctional phenols include

15 monocyclic bifunctional phenols such as hydroquinone,
resorcinol, and catechol; polycyclic bifunctional phenols
such as bisphenol A, bisphenol ¥, naphthalenediols, and
biphenols; and these compounds halogenated or substituted
with an alkyl group. Novolaks and resols, which are

20 polycondensates of these phenols and aldehydes, can be used
as well.

Examples of the amines include aliphatic or aromatic
primary amines, aliphatic or aromatic secondary amines,
aliphatic or aromatic tertiary amines, quaternary ammonium

25 salts thereof, alicyclic amines, guanidines, and urea
derivatives. They can be, for example, any one of N,N-

benzyldimethylamine, 2-(dimethylaminomethyl)phenol, 2,4,6-



benzyl - 2- nethylinidazole, 2- hept adecyl i m dazol e, 4,5- di phenylim dazole, -
2- nethyll Qgﬁﬂ%i 2- phenyl i m dazol i ne, 2- undecyI|n1dazoI|ne

2- hept adecyT | azollne 2 20 isopropylimdazole, 2,4- dlﬁgpﬁvwwﬁ?dazole
2- phenyl - 4- met hyl i m dazol e, 2-ethylidazoli ne, 2-pheny|

met hyl i m dazol i ne, benzi m dazol e, and %Pbyanoethylinidazole. Exanpl es of
the acid anhydrides include phthalic anhydride, hexahydrophthalic
anhydride, pyromellitic 25 dianhydride, and benzophenonetetracarboxylic

di anhydri ¢e YmOEHF gofpounds (¥E}€%%E as it is
phosphoru%sggn%ound V|ng aﬁaoyﬁaﬁggpgroup 3@?%99 GOl 06951
10 Exanpkesethghe0amine) ude hexqymi bulnsosplidesakzihaM de, 1,4-
tri(dichloropropyl) phosphate, tri(chloropropyl) phosphate, triphenyl

phosphi t edibzabithglo phosiatctanphenyl phosphendiazaidicyeldbl b pheg}d Bhosphi ne,
tri-n-butyl phosphine, and 5 di phenyl phosphi ne. The epoxy resin-cured
pr oduct nﬂydégﬁﬂain a curlng accelérér@iazﬁyfﬁiﬁﬂohéxénﬁﬂe§ RONENS. ng

accel erators re not limted to, tiary am nes,. imdazol es,
b Rexrpe Rk eRere e 10 artfAd ' haoalind'e)) Blpgetding po o
subj ect ed eat re an be
obtgined p%%réggdiﬁéthe%E%Etﬁgiggln cgbggéﬁgfgn 3@@%%| |ng£¥g%mL dve-

descri bedc%ﬁBﬂQﬁf‘i&mﬁ:ﬁé Ng an afilisbbaty14pavd), Met No@;aRdpalylakidd,NY
condition can be selected as far as the reaction 15 proceeds. For exanpl e,

any tenpedapheaylayibe, usdnethyllanilanet hetracipropyfaniseds, taltdough
curing is in general preferably perfornmed at a tenperature rangi ng between
room tenpetyiandédnend about ZEdR-Pukylamimgre, the ckriphenylamine,

10 tetramethylammonium chloride, tetramethylammonium bromide,
tetramethylammonium iodide, triethylenetetramine,
diaminodiphenylmethane, diaminodiphenyl ether, dicyandiamide,
tolylbiguanide, guanylurea, and dimethylurea.

Examples of the imidazole compounds include imidazole,

15 2-ethylimidazole, 2-ethyl-4-methylimidazole, 2-
methylimidazole, 2-phenylimidazole, 2-undecylimidazole, 1-
benzyl-2-methylimidazole, . 2-heptadecylimidazoie, 4,5-

diphenylimidazole, 2-methylimidazoline, 2-phenylimidazoline,

2-undecylimidazoline, 2-heptadecylimidazoline, 2-
20 isopropylimidazole, 2,4~-dimethylimidazole, 2-phenyl-4-
methylimidazole, 2-ethylidazoline, 2-phenyl-4-

methylimidazoline, benzimidazole, and l-cyanocethylimidazole.
Examples of the acid anhydrides include phthalic
anhydride, hexahydrophthalic anhydride, pyromellitic

25 dianhydride, and benzophenonetetracarboxylic dlanhydride.
Any organic phosphorus compounds can be used as far as

it is a phosphorus compound having an ~organic group.



reaction may be carried out either under pressure, under 20 atnospheric
pressure, or under reduced. pressure. Next, the treatnent liquid to
deconpose aMP#2¥3| ve the above-nentioned resin-cured pPEHFOVEIHONt ai ns a
deconposition catalyst for epoxy resin-cured products and an organic
solvent. In other words, the treatnent -l aquid used 25 in the present

I nvention contains, as essential conponents, at |east a conpound that
serves as a catalyst for cleavage of the ether |inkage of the epoxy
resin-cured products and WO 01/25317 PCT/JPOQ' 06951 - 11 an organic

sol vent. The Exammlesnt thegerd ndpciude hebexappibyilphaspheriy y Koiomide.

conpounds ot her  than.the two _ conponents or_evep_inpurities. In preferred
enbodi nment , t?ﬁéﬁé&&;}'ﬁﬁgpf?w)cagg? atey ftﬁl(é’gﬁﬁgg?’é%?ﬂscﬁ%%ﬁ &uct s
contai ns one Qr. por o ngds s t r | r.al kali
metal corrpouér)\]f:f'é,ﬁ%p %spﬁggr) glsﬁgbngaﬁ%?ﬂe%gygc% s?géﬁ%éo’r ngglg{lgl@#eg glc?fl,‘am and
organi ¢ aci ds; &/ or s@libRehPfrtphinkle [ CEF ‘Rt YLphIBHIRI D TPOURAS"
means any conbi nati on of these conpounds is 10 acceptabl e and exanpl es

t her eof i el uthprengaphosphims, of alkali netal conpounds, a conbination of
phosphorous- containing acids (salts), a conbination of an al kali netal

conpound and a ph@bphemry coasirréuredacbdoduct t pay ampntaincombiqwathgn of a
phosphorous-containing acid (salt)_and an 15 o]rogani c acid (salt). These

conpounds ar 235edeEREBEy addd¥PLFRL aneBFRRLSS oPT0. GBTIRG gBCIsIRFAREEFNt
especially 0.1 to. 30.%by weight.in.tatal ip the organic solvent. \Wen the
amount i s | es®HREE-0PH61 /?b?/gﬂe]rjé’ﬁ'ttfe%t %e'dg%rotrr}fﬁggi glg%ﬁgsfajt’%ﬁgafzotlﬁg'epoxy

resin-cured %ﬁp LibeAdSy t At iBh1t£0 While when the anmobunt exceeds 80
% by weight, t e% £y

10 The epoxy resin-cured product to be subjected to the
treatment according' to the present invention can be obtained
by curing the epoxy resin composition comprising the above-
described components using an arbitrary known method and any
curing condition can be selected as far as the reaction

15 proceeds. For example, any temperature may be used as far
as the reaction proceeds, although curing is in general
preferably performed at a temperature ranging between xroom
temperature and about 250°C. Furthermore, the curing
reaction may be carried out either under pressure, under

20 atmospheric pressure, or under reduced pressure.

Next, the treatment liquid to decompose and dissolve
the above-mentioned resin-ocured products contains a
decomposition catalyst for epoxy resin-cured products and an
organic solvent. In other words, the treatment liquid used

25 in the present invention contains, as essential components,
at least a compound that serves as a catalyst for cleavage

of the ether linkage of the epoxy resin-cured products and



preparation of the treatnment liquid tends to be difficult. Mreovet, it js
not al way ry that all of these conpounds are dissolved in the
organic s?i\?gﬁfs?ﬁgnd a saturated solution in which the EJyBMO6IL | an
equilibrium25 state in the solution is also useful because insoluble parts
i.n the saturated solution can supply a ddurce of fresh conpounds when the
al ready-di ssol ved conpounds becone WO 01/ 25317 PCTIJPOO 06951 - 12
deactivated during the reaction. Exanples of the alkali netals include

l'ithium sodjum SSj bi di n esium anpl es _of _the al kali
net al corrpouénrﬂs (’!rr?%?'t&ge %%Qﬁ%ye’s, h?g_%o%ldea_s,m _ %r ofvartHediays SHFHeer
conpounds,  fddirdides . arpAkairgeS knbin? M S&fpoundd! d@therPO %ﬁr&]&& tROOSpRgt es,
carbonates, sulfates, nitrates, organic acid salts, alcoholates, and

phenol at es, chipvnentsf beneesy impuriafieshese alkali netals. Anong these
conpounds, the alkali netal salts are preferably used due to their high 10
solubility in ordaniac poefearnes d¢nhgdinenyl ytthe eldcompogibhonachtalyyy, and
low toxicity as ions. Any of these netals and netal conpounds can be used
singly of i EUOMARAEY ot &HP - Prefer AFPFUGHS edCPRAtBINSHNORR 09T 0.WATE 0 80

J* by wei ght especi al | 3%“ 10 'a%.lwei%glésin organi c, solvent. 15
Exanpl es of T9® prﬁﬁ%ﬁf “€o rﬁ"hi#d‘ i R a’h‘g)r]%‘? n Jygeetal
phosphori ¢ a&d,&ou%&,-apBﬁ%ﬁﬁﬁ&fﬁ;@-@]&mmxwPQ &EOA&@.&%%B“QEQP&&P}JS
acid (phosphoric aci d), ~nhypophosphor ous aci phosphi ni ¢ acrd), _
pyrophosphordra as¥danid radiisa NHRI0 e tAC | therledlE! aMetp hesh OTdrfe a6 d, and
20 pyrophosphorous acid. The salts of phosphorous-contai ning acids used
herei n are gwines cyimppmindsS weansecasdpocembigratilonedf [esphorupsundstis ni ng
acids and cations, and the cations
10 acceptable and examples thereof includg a combination of
alkali metal compounds, a combination of phosphorous-
containing acids (salts), a combination of an alkali metal
compound and a phosphorous-containing acid (salt), and a .
combination of a phosphorous-containing acid (salt) and an
15 organic acid (salt). These compounds are preferably added
in an amount of 0.001 to 80 % by weight, especially 0.1 to
30 % by weight in total in the organic solvent. When the
amount is less than 0.001 % by weight, the decomposition
rate of the epoxy resin-cured product tends to be lower,
20 while when the amount exceeds 80 % by weight, the
preparation of the treatment liquid tends to be difficult.
Moreover, it 4is 'not always necessary that all of these
compounds are dissolved in the organic solvent, and a
saturated solution in which the solute is in an equilibrium
25 state in the solution is also useful because insoluble parts

in the saturated solution can supply a source of fresh

compounds when the already-dissolved compounds become



can-be, for exanple, ions of lithium sodium potassium rubidium cesium
beryllium magnesium calcium strontium 25 barium titanium zirconium
vanadi um cMOM2H nmanganese, iron, cobalt, nickel, co@savipowiessier

pakl adium zinc, alumnum gallium stannum or ammonium Anong these WO
01/ 25317 PCT/JPOD/ 069s1 - 13 conpoundsjz2akkali metal conpounds are
preferred for the sanme reason as descri bed above and hydrates are
preferred in terns of solubility in solvents. These salts can be any one
of primary salts having a netal and two hydrogens, secondary 5 salts having
two nmetal s an@PachymptedeAuring the gepcdignsalts having three nmetals. Al so,
these salts can bg anééone of _acidic salts, alkaline salts, and neutral

salts. Any of thEEERLADOhatPE AR L dmfFadisndelBfe Lhthilhh$p44Wh and
f bl | f O % b Lght, =1 iglly 0.1
pretsisbl) Seaingn s G A0 Camal ool

to 30 % by ] N dn organi ¢ “sol'ven xanpl es _ ( Ids
i ncl ude acrylpdeCi SompHialdl An2Ghle RFALIMAS, AN dhox2aRET agbfofdiddes,.

am nobenzoic acid, alginic acid, benzoic acid,” oleic acid, formc acid,
citric acisd, amy@ol compouitis gl Hlaorides, dehDdriides, C vronided) Ciddia@sG¢ aci d,
succinic acid, acetic acid, salicylic acid, oxalic acid, tartaric acid,

t ol uenesul f oridaratsisd, phiosphabtes, caxbdnatest i sulbirHtes,unitracesl, digandenat ed
acetic acid,. phthalic acid, benzenesulfonic acid, nalonic acid, butyric
acid, and nmaldhcFattsrhaakeghodatesor gafli hgpeirtes e abfjadgedo £5pmagngns of

cations. can BES {8F SERRS TAEnIErat 1 AP odranr SORRSERART Bl di um
cesium  ber sl Shaifis CRLE! BEbeSIAMY | WBa DAL UED thbaR! Wign
zi rconium vanadi um chrom um manganese, 1ron, cobalt,

10 solubility in organic solvents, high catalytic effect (ion
activity), and low toxicity as ions. Any of these metals
and metal compounds can be used singly or in combination and
preferably added in an amount of 0.01 to 80 % by weight,
especially 0.1 to 10 % by weight in an organic solvent.

15 Examples of ‘the phosphorous-containing acids used
herein include phosphoric acid, metaphosphoric acid,
hypophosphoric acid, phosphorous acid (phosphonic acid),
hypophosphorous acid (phosphinic acid), pyrophosphoric acid,
trimetaphosphoric acid, tetrametaphosphoric acid, and

20 pyrophosphorous acid. The salts of phosphorous-containing
acids used herein are salts of anions of the above-mentioned
phosphorous-containing a&acids and cations, and the cations
can be, for example, ions of lithium, sodium, potassium,
rubidium, cesium, beryllium, magnesium, calcium, strontium,

25 Dbarium, titanium, zirconium, wvanadium, chromium, manganese,
iron, <cobalt, nickel, copper, silver, palladium, zinc,

aluminwm, gallium, stannum, or ammoniuom. Among these



25 ni ckel, copper, silver, palladium zinc, alum num gallium stannum or
anmoni um ese conpounds, hydrates and alkali ne alts are
preferred ?g?ﬂ?sﬁie#sane reason as WO 01/25317 PCT/ JP00/ 06%‘%&"%9’“6353

descri bed above. These salts can be any_one of primary salts having a
metal and two hydrogens, secondary sart%3 havi ng two netals and a hydrogen,
and a tertiary salts having three netals. Al so, these salts can be any one
of 5 acidic salts, alkaline salts, and neutral salts. Any of these

compounds CaRpBEutBLd ALY xfeall "oERIOMIE A %&@fepggagf%'%eﬁg%? in an

anount of O. y weight, especially 0”1 to In an

or gani ¢ sol ¥gfton AasANaesERihed Sabyedt an@nenydrdBase &64 Verksespé@ctigd 10
from am de- based, al cohol -based, ketone-based, and ether- based sol-vents

are preferabkymsisefl soluiligyofinseblbehrtsy dfheseosadtsatan \isd anybwneuse can
al so be nade of other solvents such as hydrocarbons, hal ogenated
hydr ocar bonef prtmars, salkicethavingr at motati ard W9 AYARRIERS deSeconsiagiys,

it 15 ds, | f d h di t hyl foxid d
ol vent <5 haBPAEE  HEVEHS rFh HarALs, NI 2 P TR Fs PBR. BndeTEHHEF SaHtsonol
and et her, ﬁ??%{a@i%é%%ﬁéme@gispf h9§5e +hQ xe%agtgaeaﬂebaggggs'oﬂal %gOr 1N

conbi nati on a conbination of a e- based s nts an

conbi nati onagia20 aR128l derkalefeS@au1eB, UME andiRT=aN glriasedangl \want) .
Furt hernore, any solvent can be concurrently enployed and inorganic

sol vents suthese wamppbuadd anDIben usyd beingkedper dmd comhimatiea ramd be
present Preferred exanples of the am de-based sol vents include 25
formam de, RrafersdIvraddedeinNam @mesngy |9horGeltli deo BONEF diYetwsAgdr.mani de,

acetam Jc_ig ' gl._sggéfgll.f Ce& .a}lmtcti)e’SON%NBy weight in an organic solvent.

Examples of the organic acids include acrylic acid,
adipic acid, ascorbic acid, asparagic acid, aminobenzoic
acid, alginic acid, benzoic acid, oleic acid, formic acid,
citric acid, glycolic acid, gluconic acid_, glutamic acid,

15 cinnamic acid, succinic acid, acetic acid, salicylic acid,
oxalic acid, tartaric acid,  toluenesulfonic acid, nicotinic
acid, lactic acid, uric acid, bhalogenated acetic acid,
phthalic acid, benzenesulfonic acid, malonic acid, butyric
acid, and malic acid. The salts of organic acids are salts

20 of anions of the above-mentioned organic acids and cations
other than hydrogen, and the cations  can be, for example,
ions of lithium, sodium, potassium, rubidium, cesium,
beryllium, magnesium, calcium, strontium, barium, titanium,
zirconium, vanadium, chromium, manganese, iron, cobalt,

25 nickel, copper, silver, palladium, zinc, aluminum, gallium,
stannum, or ammonium. Among these compounds, hydrates and

alkali metal salts are preferred for the same reason as



di methyl acetam de, N, N, N ,N -tetranethylurea, 2-pyrrolidone, WO 01125317
PCT/ JP00/ 06951 15 N-net hyI 2-pyrrolidone, caprolactam and carbanates.
Exanpl es of WPHE2581ohol - based sol vents i ncl ude net hanol , PCEAPA{EN1

1- propanol , 2-propanol, 1-butanol, 2-butanol, iso- but anol tert-butanol,
1- pentanol, 2-pentaol, 3-pentanol, 2-- Bt et hyI -l -butanol, iso-pentyl
al cohol, tert-pentyl alcohol, 3-nethyl-2-butanol, neopentyl al cohol,

1- hexanol , 2-nethyl- 1-pentanol, 4-nethyl-2-pentanol, 2-ethyl-I|-butanol, 1-
hept anol , 2-heptanol, 3- heptanol cycl ohexanol , 1- rret hyl cycl ohexanol ,

2- et hyl cycld@ﬁé’%&'ﬁeﬁ apoyg - rret'ﬁ‘}/‘?%eycﬁ%’é(aﬁ%q‘ bg. @ﬁ’h;ﬂ@ycﬂ’%h?ﬁéﬁ%ﬁ’y

t hyl I I th th

ronoet ) * Eice, Srinnt Gefedl dichFofvateatls. Chilrie Ty ég@#
monobutyl e dl,&wyknﬁgglgl vGal h Pg%{%&Fe QMCQJ £4 her,

di et hyl ene § ycoP nonoe et her, ene glyco nnnopropyf ether

di ethyl ene gla4eal viRRebwerh1s! hemsbrl ehbyé eag1g Yeal bd ragf hyhenes gl ycol
nononet hyl ether, triethylene glycol nonoethyl ether,. tetraethylene

gl ycol , pol wefilikcenmidsy cadlkamhec whatsyeiapdt ned@Pal 0s400y, Any of

1, 2- propaned| ol, 1,3-propanediol, 1,2 20 butanediol, 1, 3-butanediol,

1, 4- but aneditblese?, @upouadsdican, bel, %%nsm oPT gnys:emminam dﬂ?ﬂopyl ene
gl ycol . Exanpl es of the ketone-based soI vents include acetone, _ nethyl

Et hyl ket on®refepsghlingAged e @Ra foant el fdndo 8ot hyPYi ¥SHERY
2-h
et one, e tangﬁg?‘y %hiaq:t angne, b19'v5e51 |t Xh Qﬁﬁ%ﬁg sg;{&éﬁ;exanone

met hyl cycl o & Ul or one,” and or one et her - based

sol vent's i ncl udeygi %omggamoyoggggg' PRt IBROMHRRB5 kolvents selected

10 from amide-based, alcohol-based, ketone-based, and ether-

based solvents are preferably used in terms of solubility of
ionic catalysts, but use can also be made of other solvents
such as hydrocarbons, halogenated hydrocarbons, phenols,
acetals, fatty acids, acid anhydrides, esters, nitrogen
15 compounds, sulfur compounds {(such as dimethylsulfoxide) and
solvents having two or more functional groups (ester and
ether, alcohol and ether, and the 1like). Any of these
solvenfs can be used singly or in combination (for example,
a combination of amide-based solvents and a combination of
20 an amide-based solvent and a non-amide-based solvent).
Furthermore, any solvent can be concurrently employed and
inorganic solvents such as water and ammonia may be mixed,

and impurities may be present.
Preferred examples of the amide-based solvents include
25 formamide, N-methylformamide, N,N-dimethylformamide, N,N-
diethylformamide, acetamide, N-methylacetamide, N,N-

dimethylacetamide, N,N,N',N'-tetramethylurea, 2-pyrrolidone,



- 16 ether, diisopropyl ether, dibutyl ether, dihexyl ether, anisole, .
phenet ol , g4 tetrahydrofuran, acetal, ethylene glycol dinethyl

et her, et rﬁf’gﬁ%ﬁg’i ycol diethyl ether, diethylene gl ycolly‘a'i’%‘l"ﬁﬁl et her,
and diethylene 5 glycol diethyl ether. Al though any tenperature can be
used in preparing the treatnent |iqurdl3a tenperature rangi ng between the
nmelting point and the boiling point of the solvent used is preferred.
Moreover, the treatnment |iquid may be prepared either in an 10 air

e ¢ AimbRedf 208 - ARRGAR! ELMNSTad G andl SRARIEHGL P C20\1 ©

(normal pressur educe ssure, 6r undér pressure. O her

conponent s sucleasmpiey faCiaR! aTR¥HbE-Bakskd dd1vienest &ﬁéiﬁ&@tméérgﬂﬂoq,t hus
obtai ned. 15 The treatnment nethod invol ving deconposition and I ssol ution

of the epoxgthesold; clrproparosiict2-pdopznols d-bavdher] Lebbearolcatigd- with

t he above-nentioned treatment liquid is not specifically Ilimted, and the
treat nent nhyténol peténtrittanod;, dxasptanoby - pestapdg Shpemianol, 2-
resin-cured 20 product in _the treatnent |liquid or by spraying the treatnent

liquid oh tRetRBbxy-Peeaneleuritrpatdt #HRehedd ofeftnRantvily. alcghel,
treatnment | qui e I nred by an_agitator. a or bl owi.ng of gas.
In the casehgveg%‘%%%/%gm%t?atgatl neﬁéo\éteﬁ'(gyi‘t Fggf' ﬁ@%\t %‘ggg%%n%ndgﬂ%y%ﬁl | e

vi brating thepthealgent %det@wldszeﬂkawﬁouncb-em%étieaﬁfmh,' i qyi.d for

t he treatnen? of the resin-cured product may be used at an arbitrary

t enper at ur eneptighel, bet BeReptdisoX ; eezpAgemitdndl ,and W1 bhexagddY, 1-

PCT/ JP0O0/ 06951 17 the boiling point of the solvent in order to control
t he methylcyclohexanol, 2-methylcyclochexanol, 3-
10 methylcyclohexanol, 4-methylcyclohexanol, ethylene glycol,
ethylene glycol monomethyl ether, ethylene glycol monoethyl
ether, ethylene glycol monopropjl ether, ethylene glycol
monobutyl ether, diethylene glycol, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether,
15 diethylene glycol monopropyl ether, diethylene glycol
monobutyl ether, triethylene glycol, triethylene glycol
monomethyl ether, triethylene glycol monoethyl ether, .
tetraethylene glycol, polyethylene glycol (molecular weight
200 - to 400}, 1,2-propanediol, 1,3-propanediol, 1,2-.
20 butanediol, 1,3-butanediol, 1,4-butanediol, 2,3-butanediol,
1,5-pentanediol, glycercl, and dipropylene glycol.

Examples of the ketone-based solvents include acetone,
methyl ethyl ketone, 2-pentanone, 3-pentanone, 2-hexanone,
methyl isobutyl ketone, 2-heptanone, 4-heptanone, diisobutyl

25 ketone, cyclohexanone, methylcyclohexanone, phorone, and
isophorone.

Examples of the ether-based solvents include dipropyl



treatnment- rate. For the purpose of avoiding undesired thernal
deconposition of the cured resin, however, the treatnent |iquid may
preferably WOM2H1T enperature of 250 C 5 or lower in air PSRAP@®OS1 or | ower
in an inert gas. The treatnment liquid may be used and stored either in air
or in an inert gas, and either under atygspheric pressure, under reduced
pressure, or under pressure. Although high pressure may be effective in
sonme cases, atnospheric pressure is nore 10 preferred when safety is of
concern. The size of the subject to be treated is not specifically
linmted, andethersubpbisorrope ptieri ndibutyit mathess | dihexyli sedbed, of and
recovered (for exanple, a 250 mmsquare printed w rlgg%fboard) or may be

crushed and PRMSMEeri zBREREEYush8AOXRRE pul ViGFEARYS B re§Getes a

shorter tinme t etre b [’Iﬂﬁ e ed DR rials t ained have
limted appl iecta :1_8‘%?_ s%yv?lew%é'%“a is %tocx’g:’si ze @fen%r u %gcgps"bl éﬁgggh?{
preferably apahQyl MhebinyldHl Ob1ybdd IHime@hyl0 deHea, | 2h8C a1y ERYUET .
when the crushing 20 degree of fhe subject t0 be treated reaches

pul veri zatsi ony1yicenpassthwl adthek.mm or snal ler), recovered glass fibers, for
exanple, find no application for recycling, which may significantly
decrease their vahlichoudle anputempsfrathze cesatbeemseldi doi dprepaiingspbet to
the subject is not 25 specifically limted, and if the treatnment |iquid

contacts thdzegimert, ligekd and JhRRTSLITENSARHING /RIS Dot hge PieAEENEg and
\(/:vgshi ng, and p??g%i cahi gﬂ f 01/ %23%_7 E%JP V06 51 %88 t.he resig

nponents (t I’&gl %o?r%m&?tg BFi Ved-1% SR VTRE PR nj) @Eggﬁﬁﬁg td and
di ssol ved i Ny B3 iBNNehe A fodfentSAAGhIECALY VDb | Phifitted ¥itRERMRhCANt NE
resin conponents can

10 air atmosphere or in an inert gas and either under
atmospheric pressure {normal press-ure) ' under reduced
pressure, or under pressure. Other components such as
surfactant may be added to the treatment 1liquid thus
obtained.

15 The treatment method involving decomposition and
dissolution of the epoxy resin-cured product, which is a
subject to be treated, with the above-mentioned txreatment
liquid is not specifically limited,. and the treatment may be
performed, for example, by immersing the epoxy resin-cured

20 product in the treatment liquid or by spraying the treatment
liquid on the epoxy resin-cured product instead of immersing.
The treatment liquid may be stirred by an agitator, a pump,
or blowing of gas. In the case ¢f dipping treatment, the
treatment may be conducted while vibrating the treatment

25 liquid by wultrasound. The treatment 1liqulid for the

treatment of the regin-cured product may be used at an

arbitrary temperature ranging between the freezing point and



be obtai ned by separating and renoving residues (insoluble 5 parts).from.

t he quuiswgﬁggﬁecipitation after the treatnent and renoving the organic
solvent b YI ation. The conponents recovered can RETRIYREIE] as a raw
material for synthetic resins. Specifically, the deconposition products
can be 10 recycled in their recoveredl3tate or preferably after
purification, when-the deconposition products obtained after the treatnent
of the resin-cured product are, for exanple, phenols, glycidyl ethers of
phenol s, netal salts of carboxglic aci ds, .and hal ogenat ed

or hydr ogef@fed°rs-Hg 4 ng‘li’giﬁ]éggﬁggiéwén??oﬁ get oo Rt s
concrete, t:?g%exaglgt phenal . cresol gl nﬁﬁxg%es(%]hgpgl balnngj%e?%{thﬁﬂgésoire

et hyl phenol gui'none, resorcinol,  C |sﬁhenol F,

bi phenol,  dhByfaoxVaeahibd1tabher of didy dicaxydi PRe, SHblever, Phano!

novol ak, cresol novol ak, 20 bi sphenol A novol ak, and gl yci dyl ethers of

t hese conpeuedsmenbaligesd ahay hesefaziguhdse al kampenatute Soit t Z5@fC t hese
conpounds, and anmonium salts of these conpounds). Next, a nethod of
separ at sngox dowessiire akn eand| 309° Ci aor dawexr it a8r inpdtegesy r ien- cur ed
product according to_ 25 the present invention includes the follow ng steps

(1) and (Freafaent, Ligviy Bae RoMRAG A@Etererdl ebFehciy it Farker WO
O e o Bt o S HBphEs®: BEMELIL L N ool et
and an _C)rgi-Qhﬁcé&' YPOE skt JGHOMRRS dRdsHussO! VA tHoWeh ﬁ@ﬁﬁy?i&@%\ffecured
product; and 5 (2) separating the inorganic matter fromthe Tiquid
may be effective in some cases, atmospheric pressure is more
10 preferred when safety is of concermn.
The size of the subject to be treated is not
specifically limited, and the subject may be just in the
state as it is disposed of and recovered (for example, a 250
mm'— square printed wilring board) or may be crushed and
15" pulverized. A crushed and pulverized subject requi;:es a
shorter time to be treated, but the recove_red materials thus
obtained have limited applications. In view of this, the
size of crushed pieces is preferably approximately 5 mm or
larger, or 10 mm or larger. Moreover, when the crushing
20 degree of the subject to be treated reaches pulverization
(approximately 1 mm or smaller), recovered glass fibers, for
example, find no application for recycling, which may
significantly decrease their value. The amount of the
treatment 1liquid with respect to the subject is not
25 specifically limited, and if the treatment liquid contacts
the subject, such an amount is enough.

Methods of separating and washing, and application of



obtained in the step (1). Conposite materials of inorganic nmatter and epoxy
resin-cured product to be treated conprise the above- nentioned epoxy

resi n-curedWQ@8837 and i norganic matter, 10 and are typiRCIVIPYMIR Ul at i ng
boards, netal-clad | am nates, or printed wiring boards, which contain
metals and glass as inorganic matter. Thegi-norganic matter can be, for
exanpl e, netals and netal oxides, hydroxides, halides, or nitrides. Mre
15 concretely, exanples include boron, alum num iron, silicon, titanium
chrone, cobalt, nickel, zinc, palladium silver, stannum tungsten,

pl ati num gol &he| geging| eamneaenisr ddhea, 0T IRPLE nICAMPARRRES | deTrkvyed cBrem

carbide, silicon nitride,. boron itrjde, m.ca, silica, cla | ass,
carbon, cal ci GRF26eELP oﬁ&f’%’,“p%"tfﬂi JYE e}nnﬁﬂﬁﬁs?‘ﬂf}/ﬁg@fﬁ(iw and

I i et T Pl

shape of the R rgani may be, ranu | ber,

foil, film wpbeophineh &Y lephBitingChndB¥eminy drdBaubkkq 18681 €0 1S
woven |ike 25 tfabric. Although"the content of inorganic matter in a

conposi t e pat pakdék) i Srémbthé alyquid genertibytsange affteemthe toeffndntby
wei ght based on the total anmount of the conposite is WO 01/25317

PCT/ JP0O0/ 0695 &nd20cemyetisngi akthe \Grgantifie soloregini by nddistillatidoor exBhepl e,
powdery, granular, or staple-like, such i norgani c matter is blended wth

t he above- menEPBRERERHHXFRGIETEI: SAPo s iRGTYLEPd cBF | RgTas MAFRRLGSs QF ed by
cast nolding o he like.to obtain a conposite material of inorganic

matter and epﬁgf?t]it’%?r%}éetﬁi@& :

Specifically, the decomposition products can Dbe
10 recycled in their recovered state or preferably after
purification, when the decomposition products obtained after
the treatment of the resin-cured product are, for example,
phenols, glycidyl ethers of phenols, metal salts of phenols,
amines, carboxylic acids, and halogenated or hydrogenated
15 products of the above-mentioned compounds (in the concrete,
such as phenol, ¢resol, dimethylphenol, propylphenol,
- ethylphenol, hydroquinone, resorcinol, catechol, bisphenol A,
bisphenol F, biphenol, dihydroxydiphenyl ether,
dihydroxydiphenyl sulfone, phenol nofolak, cresol mnovolak,
20 bisphenol A novolak, and glycidyl ethers of these compounds,
halides of these compounds, alkali metal salts of - these
compounds, and ammonium salts of these compounds).
I‘iext, a method of separating a composite material of
inorganic matter and epoxy resin-cured profuct according to
25 the present invention includes the following steps (1) and
(2);

(1) treating the composite material of inorganic matter



product. Wen the inorganic matter is mat-like or fabric- like, such

I norgani c
conposi ti

éé%lis I mersed in the above- nentioned epo§¥ resin
{ ¢h may contain powdery, 10 granul ar, or PCEERI0Q6SSE o

fnorganic matter as described above) and then partial-cured to obtain a
B-stage prepreg. Such a B-stage preprelf and | am nates obtai ned by

| am nati ng

and curing this prepreg or a prepreg at a pre-B-stage are

the conposite material of inorganic matter and epoxy 15 resin-cured
product. The_present invent

ion ig further_  applicable to the conposite
mat erial s of®FnoPBERY ¢ Tl qla’rcurlg d gﬁ%&‘%? eé‘f)l%k’lcuri‘ed%’ﬁ?ﬁﬁﬁﬂt sdg%“;éz
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coating the

(whi ch may

descri bed a
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prepreg or

then curing the sa

al so

resin

' d m f.Ql ined | fl
RFat | €, A RRaEL0h (B RRE S BRSPSt -Rhresli i on

E.@aaaws PanderY drFgiilcarsol¥ent! & GleddrlpRskN UM GIHALLET as
ove) and then curing the sane; resin boards covered wth a

thé aepexdly e simaivuratli pgoduaitet andf oi | onto t he above-nenti oned

r prepreg at a pre-B-stage and then curing the sane; |am nates
25 cover®d wit h @nesaparatingbthenddhoyganiai mattey tFrombihe- Jiguidoned
metal foil-covered resin boards or filnms (before curing) or netal
foi | - cover ePFRLRSA phih e EREPchlhre formed WO 01/ 25317 PCT/ JPO0/ 06951 21

wLh prepregs anddieldie CHLLOBlAAI %d Ne-AhREIICIRLO0Sd LA ngLes and

interfayer circuit S obtarnéed by us

above- ment i paedh EARA I $HJAucEONRES| bé ONcreddticd ERMpELES Al $he) O\UIRA% -

granul ar,

or staple 5 like inorganic matter as descri bed above) and netal

foils and meptiomsl appeppr aesiateured c prbdtot mandonmaigande amattelram nat es
covered with a netal foil obtained by |amnating

10

and are typically insulating boards, metal-clad laminates,
or printed wiring boards, which contain metals and glass as
inorganic matter.

The inorganic matter can be, for example, metals and

" metal oxides, hydroxides, halides, or nitrides. More

15

20

25

concretely, examples include boron, aluminum, iron, silicon,
titanium, chrome, cobalt, nickel, zinc, palladium, silver,
stannum, tungsten, platinum, gold, lead, alumina, zirconia,
titania, magnesia, silicon carbide, silicon nitride, boron
nitride, mica, silica, clay, glass, carbon, calcium
carbonate, aluminum hydroxide, magnesium hydroxide, and
calcium silicate. These metals and compounds may be fused
or mixed. The shape of the inorganic matter may be, for

example, powder, granule, fiber, foil, film, wire, or

circuit. The fiber may be in a mat-like state or woven like

fabric. Although the content of inorganic matter in a

composite material is arbitrary, it generally ranges from 5

-~ to 90 % by weight based on the total amount of the composite



t he. above- nenti oned netal foil covered-resin boards or filnms (before
curing) or the netal foil covered-resin boards 10 (which are fornmed with
prepregs ansvd@bssie curing) onto the above-nentioned i nteyT/®ymeessi r cui t
boards and then curing the sane. The above-nentioned resin boards, filns,
or laminates, which have netal foils, may be ones having a circuit forned
by applying a circuit formation nmethod to 15 netal foils. The step (1) of
treating the conposite materials, the resin conmponents thus obtained and
recycling thereof are the sane as described for the treatnent nethod of

t he epoxy resaneeia®d product. The separation step (2) is not 20
specifically limted and inorganic matter such as netals and glass can
easi | y be separ at gfher obhe hdnoirgahtic mattexarksl.e, fothyekamplet i powdery,
decantation, for recycling purpose. According to the separation nethod of
the present i AV8REL®H, OFefipBiesiifeectanahy HOTERRAF cBat 3% Blgrdedte

need not to 25, ushed or lLverized before the treat.nen I nor gani c
matter can bewﬁggogé e%???é%ﬂiﬁ#igngéc?%ﬁ%ﬂﬂ%?sgPaFgm??ﬁ 3op %gﬁi?ﬁ for a
variety ofsapghial i@Scufell BYAEALE: slchahiio VB:0 lirko SHficd Lo I UG -
22 possible to recycle glass Tibers (glass fabrics) in their recovered

state. Furtheesmpésite naRirTant ofi gnbEgdmic aatespXand apoky SekeR-URsHICT
according to the present invention contains a 5 deconposition catalyst for

epoxy resi n- cpredugt odu¥hen atbe ahnorgrmic maditeentisamati3ike eber fdbyiased in
the method of treating the epoxy resin-cured product according to the
present inventibd. artldh dRerganied MetteEpakst iMgessadosin e thant et of

' norgani ¢ mat Ler, ANt FRPSky’ $850n b RS M twhioh may contain powdery,

10 granular, or staple-like inorganic matter as described
above)} and then partial-cured toc obtain a B-stage prepreg.
Such a B-stage prepreg and laminates obtained by laminating
and curing this prepreg or a prepreg at a pre-B-stage are
also the composite material of inorganic matter and epoxy

15 resin-cured product. The present invention is further
applicable to the composite materials of inorganic matter
and epoxy resin-cured product such as: resin boards or f£ilms
covered with a metal £foll obtained by ocoating or £low-
coating the metal foil with the above-mentioned epoxy resin

20 composition (which may contain powdery, granular, or staple-
like inorganic matter as described above) and then curing
the same; resin boards covered with a metal foil obtained by
laminating a metal foil onto the above-mentioned prepreg or
prepreg at a pre-B-stage and then curing the same§ laminates

25 covered with a metal foil obtained by laminating the above-
mentioned metal foil-covered resin boards or fillms {before

curing) or metal foil-covered resin boards (which are formed



10 according to the present invention. The preferred conponents and

preparation nmethod of the treatnent liquid are the sa ri bed for
the aboveVM@tPVhed method of treati ng the epoxy resi ﬁ%@g‘g&g‘r’ﬁoduct. 15

EXAMPLES The present invention is illustrated in detail with reference to
the exanples, which are not intended-t @ rnit the present invention. In
the foll owi ng exanples, % neans % by weight. 20 A Solubility in treatnent
liquid containing al kali metal conmpound (1) [EXAMPLES Al to Al5 and

COVPARATI VE _EXANPLES Al to A6 Preparation of epoxy resin conposiiion) 25
Epoxy resi FiEnpSRT s %‘fel’ﬁ?éﬁ%r gar%ggl 8ﬁé?n§83 N LT i IEﬁ“isphenol

A-type epoxy. I.eskn.( f e Sugg d o enj a%fr 1 roduct
nane "ESB4 J‘;%%‘léggx% 8%%3%‘719%1&I %%/ %%bn% rTElng@érelqui val le:%?cﬁj()%

broni ne condfitas483Btathdl SBPCHYing LS abBPEImdrtiiohedNbepyAet vé€th by Yuka
Shel | Epoxy Kabushi ki Kai sha, product nane "Epi kote 1001"; epoxy

equi val ent cbifpositaophé¢nbichnonay adontadnn powdexy acanamadayy kict ataplecheni cal
Co.,. 5 Ltd., product name "HP850N'; hydroxyl. equivalent 106) as_a curing
agent, &nd likedalmongamica maktery axcleesrikad ahpyvelyRpthtBetdl  feilsw epoxy

resins and the phenol novolak resin  were adiusted such that, the ratio of
t he epoxy éﬂ'{ﬂ v%ﬂ’%]'ﬁfi‘t‘-’b ap  BPRYAPELIFe eﬁﬁF%‘éJr%n#%as%f THRT uW.t‘ of each
CPowbort ot SRR, S Skt AU BRsthel uREERY,
the total afdbhove-hBALtEEREY heSdIN FANPRSVEr@d-resin boards or f£ilms
(before curing) or the metal foil covered-resin boards
10 (which are formed with prepregs and before curing) onto the
above-mentioned interlayer circuit boards and then curing
the same. The above-mentioned resin boards, films, or
laminates, which have metal foils, may be ones having a
circuit formed by applying a circuit formation method to
-15 metal foils.

The step (1) of treating the composite materials, the
resin components thus obtained and recycling thereof are the
same as described for the treatment method of the epoxy
resin-cured product. The separatj.on step (2) 1is not

20 specifically lél.mited and inorganic matter such as metals and
glass can easily be separated from the liquid, for example,
by filtration or decantation, for recycling purpose.
According to the separa_tion method of the present invention,
because subjects to be treated such as substrate need not to

25 be crushed or pulverized before the treatment, inorganic

matter can be recovered in such a recyclable state that is

suitable for a variety of applications. For example, it is




wer e obtai ned. The curing agent was added in an amount of 0.5% based on
the total anpbunt of the epoxy resins. 15 Two sanples of the epoxy resin
conposi ti on"ORMEHEd in this manner were cured in an ov@ETHPOONEISC for 60
mnutes to obtain two kinds of resin boards with different brom ne.
contents (about 0.5 to about 1.0 mmthickR.-(Preparation of treatnent
liquid) 20 In each case of Exanples Al to Al5, conponents listed in Table
1 were mixed to prepare a 3%solution of an alkali netal compound in an
am de- based, ketone-based, al cohol- based or ether-based organic sol vent.

In sone of th%%%smlreea'f‘?mﬁ?c?f?%ﬁj gLass nelbausy| (9leseal fabsipslindnnddedst . 25

conpl etely di recipitated on the bottomof a tank when the
| i qui ds were IS%F) e%:ged[agqg?and The abbrevi ati ons for the organi ¢ sol vents

7 a1 1 V0 01135345 Bl it Sl B o e

N- et hyl - 2- pyrrol i done;  CHON, cl ohexanone; coI
#200; DGW  @limid\pheircg! ﬁ@@brms@rm htle @iragbntangdyEXtMn d:icﬁxttl%)ihgnﬁ

gl ycol dimethyl ether. 5 Treatnent liquid that contained no al kali netal
conpound Was desemipiosiddoh cabzElydt Gomrpapaky \eesfinsepired productsAandand a 3%
aqueous sol ution of sodi um hydroxi de was prepared in Conparative Exanple
A6. (Treat rrerRrQﬁnlé’poii@/l‘feé’éﬁ nakdr dg mmggaylnouwé thwo thssi meblsed dofwer e

cut into pi eces f a Stl%e about 8uare each and 0.5 g of the

pi eces were aﬁ8°§Vac’é?Filnn°§6"‘ Froguch t"‘?‘"é‘&trﬂéﬂg |tuithe The

|
tsg(éat g‘ranELOOIC;Bil ‘gglr ?:gt ﬂ r@' <? Al ﬁxeornf‘eq:?ltoﬁr %”%Qpa£§£%eg( S os&@oc

materials of :Lnorga.nic matter and epoxy resin-cured product
10 according to the present invention. The preferred
components and preparation method of the treatment liquid
are the same as described for the above-mentioned method of

treating the epoxy resin-cured product.

15 EXAMPLES
The present invention 1is illustrated in detail with
reference to the examples, which are not intended to limit

the present invention. In the following examples, % means %

by weight.

20
A. Solubility in treatment liquid containing alkali metal
compound (1)
[EXAMPLES Al to Al15 and COMPARATIVE EXAMPLES Al to A6]
(Preparation of epoxy resin composition)

25 Epoxy resin compositions were prepared by blending a

brominated bisphenol A-type epoxy resin (manufactured by

Sumitomo Chemical, Co., Ltd., product name "ESB400T"; epoxy



15 hour. The treatnent liquids were visually inspected to evaluate the

sol ubi I'i t?%@%%?’g_pl ng to the followng rating. 5: all dtéﬁﬂ,lo%ﬁg 4. al m);t
HICH oken; 1:

all disso hal f dissolved; 2: significantly br %lroken to
sone extent; 0: no change. 20 The results are shown in Table 1. WO

01/ 25317 PCT/JPOQ 06951 25 0 oLnl%3ImLO LO O LO NVMMLO V NWM 000000 O G
. ON4 R -'" UOIAC'Mqgr V LnvNNM.C) MMM 000000 r. ACC) .Hdp Eo O
,r f Cr) x OC OLngr MVM NNNMWN, - NCM 000000 . td b) -rl p OLO VC% NM LO

MNMLnIr Ngqgi\(i)gipeonot %OO brohihe? dodtbnt 48%), a bisphenol A-type

epoxy resin (manufactured by Yuka Shell Epoxy Kabushiki
Kaisha, product name "Epikote 1001"; epoxy equivalent 470),
a phenol novolak resin (manufactured by Hitachi Chemical Co.,.
5 Ltd., product name "HP850N"; hydroxyl equivalent 106) as a
curing agent, and imidazole as a curing accelerator. The
amounts of the two epoxy resins and the phenol novolak resin
were adjusted such that the ratio of the epoxy equivalent to-
the hydroxyl equivalent was 1. The amount of each epoxy

10 resin was adjusted such that two samples of the epoxy resin
composition with a respective bromine content of 20% and 30% .
relative to the total amount of the epoxy resin composition
were obtained. The curing agent was added in an amount of
0.5% based on the total amount of the epoxy resins.

15 ' Two samples of the epoxy resin composition obtained in
this manner were cured in an oven at 170°C for 60 minutes to.
obtain two kinds of resin boards with different bromine -
contents (about 0.5 to about 1.0 mm thick).

(Preparation of treatment liquid)

20 In each case of Examples Al to Al5, components 1listed
in Table 1 were mixed to prepare a 3% solution of an alkali
metal compound in an amide-based, ketone-based, alcohol-
based or ether-based organic solvent. In some of these .
treatment liquids, the alkali metal compound was not

25 completely dissolved and precipitated on the bottom of a
tank when the liquids were allowed to stand.

The abbreviations for the organic solvents in Table 1
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15

20

are as follows: NMP, N-methyl-2-pyrrolidone; CHON,
cyclohexanone; PEG, polyethylene glycol #200; DGMM,
diethylene glycol monomethyl ether; and DGDM, diethylene
glycol dimethyl ether.

Treatment ligquid that contained no alkali metal
compound was used in each case of Comparative Examples Al to
A5, and a 3% agueous solution of sodium hydroxide was
prepared in Comparative Example A6.

(Treatment of epoxy resin-cured product)

The two resin boards were cut into pieces of a size of
about 5 mm square each and 0.5 g of the pieces were weighed
out and placed in 50 g of each treatment 2liquid. The
treatment licjuids were maintained at a predetermined
temperature (60°C, 80°C, or 100°C) and agitated hard for omne
hour. The treatment liquids were visually inspected to
evaluate the solubility according to the following rating.
5: all dissolved; 4: almost all dissolved; 3: half
dissolved; 2: significantly broken; 1: broken to some
extent; 0: no change.

The results are shown in Table 1.

N5Cri Ox QON OUz z f]l~r-NWLfICII -OFJC~ ONg r-CV)
| aaaaa ,fF w o WO 01125317 PCT/JPOO/ 06951 26

V OLACY) V- -~NO'r-MNO'r 000000 O co .-1 dA -PO O CDHNOUS5 as

4]
10 to



As shown in Table 1, when the resin boards were treated wth an organic -
sol vent al I n Conparative Exanples Al to AS, the | n-cured
products V\‘girggl/%g ¢ di ssolved. In Conparative Exanple AG,J%F%"%% resin
boards were treated 5 wth an aqueous_solution of an al kali netal conpound,
the result was the same. In contrasf>® in Exanples Al to Al5, when the
resin boards were treated with an organic solvent 'solution of an al kal
nmet al compound, solubility was good in all the cases 10 and the resin was
di ssol ved conpletely in some cases. B. Solubility in treatnment liquid
containing alkali nmetal conpound (2) -[ EXAMPLES Bl to B15, COVPARATI VE
EXAMPLES Bl to B6] 15 (Preparation of conposite material of inorganic
matter and epoxy resin-cured product) (1) The follow ng two kinds of.
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Hitachi Ch@nmijalalcd. [ [Ldd] 25 (B1. oxy [resiin|conpoki [ipn was prepared
by bl endi ng B2leni nated iﬁg1e18c“ - 9.3P9x esih | mpoufjfactured by
Toht 0 Kase# ,hlgﬁ’.,"f?rgﬁc T i p?_/‘:@%ﬁ 17
PCT/ JP00/ 0B9 :%7 eqLiFaIeTE 4Y0 rb | rje [cqnilent | 294, | aj hi gh- nol ecul ar -
wei ght brog‘ino Hryptrenot—7« X ey (oo C ent 53%
nunber avetiag rﬁijLlar wei ghl 25| 0pot It He
'S @ omﬁ'mmm_vw—mwmwwww OO0 |00
0
=
g
d 4
5 o gmﬂ'NNmmmr-NmmN-—-NN ol|ojojolo|o
43 i
g |& &
[}
4] 2o .
o] 8 0
e o z|°
= D oM === T INHO fr— [+ 1D N O r— |+ (o)le]le}ala])e]
_F_f 0)3100
=
= - o0
En) E o
= 0~
g g4 Jo I
E ol n|ol~lojm|~|ololo|—|olololo] |olo|olelole
g =}
H
o+
5 19 2| ol 8l 2| ol Bl ol 8l Bl ol Bl vl 2| 5 AEERE
" _ Sl mulSle o
EFESEEEEEEERREEREEE BEEEREE
a - 0 g O ala (3] ala 3] alo (3] QA=
= -I-'Eg
i """:'éu
B g"’:’—l" — S
o :
18 = .
=t
- |2 ®
: o N PRY PO U 1O 1o P N ] ] B I o O PR PO 2R PN PO
2 g <<t || |||t || ]| ] S || < | <]}
g | S




nunber.. average nol ecul ar wei ght was neasured by gel 5 perneation.

chromat ography and converted based on a calibration curve prepared with a
standard poﬁ@%???%ﬁe), a phenol novol ak resin (nanufactdﬁgﬁrwwﬂﬁﬂtach
Chemical ‘Co., Ltd., product nane "HP850N'; hydroxyl equival ent 106) as a
curing agent, and 2-nethyl-4-methylim dazel e as a curing 10 accel erator.
The anobunts of the two. epoxy resins and the phenol novolak resin were
adj usted such that the ratio of the epoxy equivalent to the hydroxyl

equi val ent was 1. The anount of each epoxy resin was_adjusted to give a

broni ne cont enPSofR9¥B, 1 EARLFe 1t o WhAR Flot AfesifobRETEF YoRe dFeafeds resin
iti X | udi L t,.of. i i {t The i t
2adba i n anrieibl GRSy RRIYER: oo K or CRRERAELYS HEASE DT ol ne

d ass cl ot i n W t r.esi.n i {4 obt gi.ned and

predried a?aﬁggg ?g{h%g ?né%%% \é&s"{rtgg r%@%%ﬁn ﬁ?ﬁep?cgtg@g\é%%ig%e%f fo?*1 was

| am nat ed Qféngpdra®iPeCRkBRpIYNAC) Wikrd Rk dolsefl Bbaddd v t3Rafegutes to

obtain a copper-clad |am nate, which is a conposite material of inorganic

mat t er a@nd wipdxyan esquecus esolridemctof Tdn sallalir ekedrale ddmpoand, s¢hé- nade

| am nat e sanple” hereinafter. 25 (3) Two kinds of the copper-clad | am nate

of (1) and resvdts¥re- FheeSa®ed nate sanple of (2) were cut into pieces of a

size of 10 nm by 50 each and ihree |ing f circuit of WD 01/25317
b ontramin 4 ¢ L % 2

PCT/ JPOQ 06951 %2 &50i f &0 MR tRAe T65ER si des

of each pi o‘%mai Lece epal af i T ntel LQuid) In
each case o anpl es é{l‘%agﬁgl%ggo%o%gh'ﬁfﬁgi%‘l’t’:g‘ganq% %O%%%%EFeBS \%gre m xed
to prepare xS dlethiOkoftbodnd Al dlubility was good in all the cases

e

10 and the resin was dissolved completely in some cases.

B. Solubility in treatment liquid containing alkali metal
compound (2)
[EXAMPLES Bl to B1l5, COMPARATIVE EXAMPLES Bl to B6]

15 (Preparation of composite material of inorganic matter and
epoxy resin-cured product)

{1l) The following two kinds of copper-clad laminate
were provided: "MCL-E-679" {bromine content in the resin-
cured product is 15%) and "MCL-E-67" (bromine content in the

20 resin-cured product is 20%); both which are manufactured
from a brominated epoxy resin, a bromine-free epoxy resin, a
curing agent, a curing accelerator, glass cloth, and copper
foil, and both are product names of Hitachi Chemical Co.,
Ltd.

25 {2} An .epoxy resin composition was prepared by blending
a brominated bisphenol A-type epoxy resin (manufactured by

PTohto Kasei Co., Ltd., product name "AER8011"; epoxy



metal conmpound in an am de-based, ketone-based, al cohol- based or
ether-based or anlc sol vent (s). The conbi nati ons shown_in Exanpl es Bl, BZ
and B5 wel B0% and PEG 17% CHON 80% and DGWM 1798 CHIFY 80% and
PEG 17% 10 respectively. In sone of these treatnent |iquids, the alkal
met al conmpound was not conpletely di 8%8otved and precipitated on the bottom
of a tank when the liquids were allowed to stand. The conpound nanes in
Table 2 are the sane as in Table 1. 15 Treat nent quuid t hat contai ned no

55, “and BOHYANBbLS L LEFORCBP CHUTAR Gy APRLI dd wdShpREbRP L

Conpar at Fxa TIr f C Si )

above- markﬁ]t%?g ed %é |e%ds%§%8$§é?f |Aec Q éé %geﬁib ﬁ%‘ﬁnﬁn i mrer sed
in each @bnkBAt! rAl MeRtmbdflUaderagé anll(e@df&ﬁr Weﬁ@ﬂtt R0k Urghd 60C or
100C). After 60 mnutes, the test pieces were taken out from the treatment
i qui d angdmbergheseaggen. mbhecukarht weighthe wasi measwed5 Wy odge bef ore
the treatnment was calculated fromthe ratio of the resin in the conposite
mat er bal pezmdathenr aihromateanapky i n apdi gheoryfentied r deasedured pravduct was
cal cul ated WO 01/25317 PCT/ JPOO/ 06951 . 29 frog1t$e dlfferenc% I n wei ght
bef ore aS@liPraFiemcCPFRe: REAPATEY BHER f# ST8BARET| PPIYSEYReREred n- cur ed

pr oduct E’B&}f??rpﬁéf’ggéggpgﬁ# angnugJ@tJI%%u lbgzs Kt 8 Al OWehicd LS. 2. 5w

01/ 25317
Ltd., product name "HP850N"; hydroxyl equivalent 106) as a-

curing agent, and 2-methyl-4-methylimidazole as a curixig.
10 accelerator. The amounts of the two. epoxy resins and the
rhenol novolak resin were adjusted such that the ratio of
the epoxy equivalent to the hydroxyl equivalent was 1. The
amount of each epoxXy resin was adjusted to give a bromine
content of 28% relative to the total amount of the epoxy
15 resin composition excluding. the amount of inorganic matter.
The curing agent was added in an amount of 0.5% based on the
total amount of the epoxy resins.
Glass cloth was impregnated with the epoxy resin
composition obtained ahd predried at 160°C for 4 minutes to
20 form a prepreg. A copper foil was laminated onto the
prepreg, which was then dried at 170°C for 90 minutes to
obtain a copper-clad laminate, which is a composite material
of inorganic matter and epoxy resin-cured product. This is
referred to as "self-made laminate sample” hereinafter.
25 (3) Two kinds of the copper-clad laminate of (1) and
the self-made laminate sample of (2) were cut into pieces of

a size of 10 mm by 50 mm each and three lines of circuit of
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pilece to obtain test pieces.

(Preparation of treatment liquid)
In each case of Examples Bl to Bl5, components listed

5 in Table 2 were mixed to prepare a 3% solution of an alkali
metal compound in an amide-based, ketone-based, alcohol-
based or ether-based organic solvent(s). The combinations
shown in BExamples Bl, B2, and B5 were NMP 80% and PEG 17%,
CHON 80% and DGMM 17%, and ’DGDM 80 and PBEG 17%,

10 respectively. In some of these treatment Jliquids, the
alkali metal compound was not completely dissolved and
precipitated on the bottom of a tank when the liquids were
allowed to stand. The compound names 1in Table 2 are the
same as in Table 1.

15 Treatment liguid that contained no alkali metal
compound was used in each case of Comparative Examples Bl to
B5, and a 3% aqueous solution of sodium hydroxide was
prepared in Comparative Example B6.
{Treatment of composite material)

20 The above-mentioned three kinds of test pieces were
weighed and then immersed in each of the treatment liquids
at a predetermined temperature (60°C or 100°C). After 60
minutes, the test pieces were taken out from the treatment
liquid and weighed again. The weight of the resin-cured

25 product before the treatment was calculated from the ratio
of the resin in the composite material, and the rate of

change 1n welght of the resin-cured product was calculated
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Gcl gc WD 01/ 25317 PCT/ JP00/ 06951 ~-281- As shown in Table 2, when treated
with an organic solvent alone as in Conparative Exanples Bl to B5, no test
pi ece showed a sol ubili ty exceeding 1t. Al so, even when treat ed with. an
aqueous gsol ut f a allve, Exanpl e
B6, the go‘l’ubjlc (? ftaeq: F} hhl%i%t g%é?r ast nﬁv\ﬁgiﬁéf rea tmef’tl iquid was
an organig O%Qla‘iﬁnta Sgéiﬁsmﬁf &8 ghkaldesHRL Bhr&d H&ﬂ:@s ihN¢gganpl es Bl
to B15, a maximum solubility of 93.5% was obtai ned Although t he
conposi t erg@tmenl1idi@.l ower brom ne content 10 showed a | ower solubility,
the solubility was two to ten tinmes as high as that in Conparative
Exanpl es. C. The wieshilty are tshendmt Thbdei 2l. cont ai ni ng a phosphor ous-
containing acid/ its salt 15 [ EXAMPLES Cl to C45, COVPARATI VE EXAMPLES C
to CH] (Preparation of conposite material of inorganic matter and epoxy
resin-cured product) A brom nated epoxy resin-cured product, glass cloth,



and- copper foil were used to forma conposite material, 20 which was
heated to 170C for 90 mnutes to cure. D cyandi am de, which is an am ne,
was added a¥OMEWMTng agent of the brominated epoxy resiBCTRWPBount of
the brom nated epoxy resin was adjusted to yield a brom ne content of the
resin-cured product of approximately-289- 25 The sanple was cut into a size
of 10 mMmm by 30 mmand three lines of circuit of 1 mmw de copper foils
were formed on the both sides of the cut sanple to obtain a test piece. WO
41123317 PCT/JP0O0/ 06951 32 (Preparation of treatnent liquid) In each case

of Exanples O to CA5, a phosphorous- containing acid or its salt listed in
Tabl e 3 was vvgggr%d«:jn n}apounit |carygespondi tio |11.|0 |equ |
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above-nentioned test piece was wei ghed, imersed in each treatnent.liquid

for four h@ﬂbﬁmﬂfﬁken out and wei ghed again. The chang ? &ﬁg&%t before

and after the treatnent was divided by the total wei ght esinin
the test piece 25 which was wei ghted beforehand to obtain. a solubility of
the resin-cured product. The results3dre shown in Table 3. WO 01/25317
PCT/ JP00/ 06951 - 33 op ONrnOOOOOOOOOOOOOOOOOO,, orH
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treated with an agueous solution of an alkali metal compound
5 as in Comparative Example B6, the solubility was below 1%.
In contrast, when the treatment ligquid was an organic
solvent solution of an alkali metal compound as in Examples
Bl to B1l5, a maximum - solubility of 93.5% was obtained.
Although the composite material with lower bromine content

10 showed a lower solubility, the solubility was two to ten

times as high as that in Comparative Examples.

C. Solubility in treatment liguid containing a phosphorous-
containing acid/ its salt

15 [EXAMPLES Cl to C45, COMPARATIVE EXAMPLES Cl1l to C21]
({Preparation of composite materlial of inorganic matter and
epoxy resin-cured product)

A brominated epoxy resin-cured product, glass cloth,

and copper foil were used to form a composite material,

20 which was heated to 170°C for 90 minutes to cure.
Dicyandiamide, which is an amine, was added as a curing
agent of the brominated epoxy resin. The amount of the
brominated epoxXy resin was adjusted to yield a bromine
content of the resin-cured product of approximately 20%.

25 The sample was cut into a size of 10 mm by 30 mm and
three lines of circuit of 1 mm-wide copper foils were formed

on the both sides of the cut sample to obtain a test piece.
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PCT/ JPOQO 0G2répaBdtigs cthdmeatmeltiblisndd)t he sol ubility was approxi mately
1% in Conparative Exanples Cl1 to C3 where the treatnent |iquid was only an
organi ¢ sol ventIn Agachhecass Loff | BEpIRERS B ite Cotpar &t iIRROSPRAFPIRS C4 toO

C21 where the LISETPI R or TYLI0EE PN PLaLPhable A BL S SHER LT O OF 2
an amount corresponding to 1.0 equivalent with respect to
5 one liter of solvent and mixed with the solvent at room
temperature to prepare a treatment liquid. The compound
names of the organic solvents shown in Table 3 are the same
as in Examples A.
Comparative Examples are: Comparative Examples Cl to C3
10 where each treatment liquid contained an organic solvent
only; Comparative Examples C4 where the treatment liquid
contained water only; and Comparative Examples C5 to C21
where each treatment liquid was a 3% agueous solution of a
phosphorous-containing acid or its salt lisfed in Table 3.
15 (Preparation of composite material)
Each of above-mentioned treatment liquids was placed in
a flask equipped with a condenser, a thermometer, an inlet
for nitrogen, and a stirrer and heated to 140°C (for organic
solvents) or 100°C (for aqueous scolutions) in an oil bath
20 while being mildly stirred umnder nitrogen gas stream. The
above-mentioned test piece was weighed, immersed in each
treatment liquid for four hours, taken out and weighed again.
The change in weight before and after the treatment was
divided by the total weight of the resin in the test piece
25 which was weighted beforehand to obtain a solubility of the
resin-cured product.

The results are shown in Table 3.



Jiquid
les C1 to C45

ye63511 o

the treatment

t he cases of Exa

In contrast,

in all
| i quid was an organi ¢ sol vent sol ut

Its salt.
cured product

I n-

?

phosphor ous-cont ai ni ng acid or
phosphor ous-cont ai ni ng acid or

di ssol ved

wher e

COMPARATI VE

liquid

e

P
|
solubility varied

gh the
hi gh solubility was shown in

its salt althou
In particul3 -
D. Solubility in treatnent

and C31.

Sent
Cl1, C30,

W i
e trea

th
dependi ng on the sol vent.

Exanpl es C10,

to D34,

i norgani c matter and epoxy

of

15 its salt [ EXAMPLES Dl

t gu D201 A conposite material

cont ai ni ng organic acid or

EXAMPLES Dl

2 3
= 32
oo . | €
< < Qo
—oo0 © O
(@] % ce ™
S = m O _1
sV ®  >M
o ck+—0Om
o _o!T ‘ ¥*0 | NOHD o)
O e~ O [ o1 [wda] ozne. ¢'T |WWDa | oHZ. [22 D
£-6" 0 EM{OOZHE . ¥OdE (VHN) || 8°s | amn |rode (vHN) dWN | vOdzHeN | TZ D
P Lo:.du p M 4 OCHU.?Odad é ¢'1T | Widda oZHgu. 0°T | NOHD | OTHCTI- | 0C D
mm. L 2PS Bﬁuﬁ (4 ?Onc.nmo L°E dAN YOdo.q 1°9 ] dAN | *OdHZeN | 61 D
50°0 @ +M>4 YOdTY . T°T | WNHOA £€°0 | NOHD 8T D
G 0 m%mm.lmﬂw.vomnu W 8°T | dWN |z(vOod)eeD £°Z | HWOA | YOdHZeN | LT D
D h © M°F U(t0dN) 8°1T | WwWod S¢ | dWN 9T D
, @ & T oM+ OZHU.YOdEN 2°C | aUN | rOdTv G 0 | NOHD S1 D
@»m. ‘OTH . ZOTHARN S°T |WNDA OZHS. T°T | WADQ |u(eO0deN) | ¥1 D
ML ﬂwmm .€0dHZEeN YL dHAN vOdebW I1°¢ dAN €1 D
M + OFHZ. vOdZHeN Z2°'0 | NOHD S'% | NOHD ¢T D
u$u.r“.0umm._” » VOdHZeN T°T | HWOd | U (E0dX) 1°8Z | ANOd | OCHTT- ITD
= ~ M= POdHZEN 8'€ | dAN 9°LE | dWN | vodteN [ 0T D
&0 P _ M4 U(EOdEN) ¥°9 | NOHO T°0 | NOHO )
Q0 P M 4 OCHZT.YOdeeN L*°€€ | WWOA OzHU 20 |WADA | €Od€H | €D
co0'a@.l ~ +M+ €OdeH G°0Z | dWN .vOdEN v 1T | dWN ke
_0'&T] M4 YOdEH 6°0 | NOHD T°0 | NOHO )
C@®® Eo M4 COdH 9°'T | Wwda OZH. €°0 |WWOa| vOdeH SO
L ﬁ..@ F HAWoumzuv M 0°1IT | dAN ¢0tHdeN 6'€T | dAN D
60 £ — NOHD 8°0 | NOHO ¥°0 | NOHD €0
oL s s " WWoa T°C |WWDd | OHS. T°T | WWDA | €0dH 2D
CR Ww.Mro dWN S°9 | dWN | tOodHZeN 9°¢ | dWN 1D
e— 4
ob 0o +
/= anuﬂjﬁpﬂmomaou _ s/ uotr3ltsodwo) uoT1Tsodumo) . |
W%\umﬂﬁﬁeui@
D.m q meﬂ.* pPTow Burutejuoo-snoxoydsoyd Butufejuoo pEnbiT jusuneaxy uT L3TTTANTOS D
BE6>ao’ | [€ ®TqeL]
« © O o +
= )] —_—N~O +
O - N_—-——0
| 4o O .M ©
[ —_— 0L O
— m S5 SN !
085S, o




riy- '"( .0 NCdr!""1}4 ~~" rl.gE~-N N rdyd~ t 4) 4-J 4J 4) t) N10O4 U d ~. ~+J
04 Ocd Co A04 4-3 4) 4) 0 44 "td4] UNmmr-1~ AU, JId ORLU mfr 3(d 0 1)
4) (d 43 . WOHP¥to0 0 'DR -H(d 4-J -Hvi 0rd 3 0 : FCTIEPOOSH-~ m
+Nto d G, IdVUCU4 OOE 14 47 -ri 04 04 04r4 F~N twirl -HO -H
-H4J in O orno-ACd) O i d) .H Ozt-r-1 NMr L1) tDf ')0010
-eMA-DNOO mimO 1 G1lrt -1 rd4 v-1 ~ NJ 9 ~AAAAQDr, rlri |Id pW
AAAAAAAAAAA 4-' i.) 0 Ne-ImMNsOWsf' N~ M r-1 MOLNV( AMOWN ~~~~~ M-OM -1 d' d'" M>
Clda Or-ie-IT-4 egmml r-IMtOielrl rl 1pNN M :ct~dr~r-tL~NTNt CNW i N
As shown in Table 3, the solubility was approximately
1% in Comparative Examples Cl to C3 wheré the treatment
liquid was only an organic solvent. And the solubility was
0% in Comparative Examples C4 to C21 where the treatment
5 ligquid was only water or an aqtieous solution of a
phosphorous-containing acid or its salf.
In contrast, the treatment liquid dissolved the resin-
cured product in all the cases of Examples Cl to C45 where
the treatment liquid was an organic solvent solution of a
10 phosphorous-containing acid or its salt although the
solubility varied depending on the solvent. 1In particular,

high solubility was shown in Examples C10, Cl1, C30, and C31.

D. Solubility in treatment liquid containing organic acid or
15 1ts salt
[EXAMPLES D1 to D34, COMPARATIVE EXAMPLES D1 to D20]

A composite material of inorganic matter and epoxy
resin-cured product was prepared as Iin Examples C and
subjected to the same treatment as in Examples C with a

20 respective one of the treatment liquids containing the
components listed in Table 4 to determine the solubility in
each treatment ligquid.

The results are shown in Table 4.
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its-salt.-In contrast, the treatnment |liquid dissolved the resin- cured
product in all the cases of Exanples D1 to D34 where the treatnent liquid
was an or gafP& 2Pt ent solution of an 10 organic aci d or PCEAPMAMST 5| t hough
the solubility varied depending on tHhe solvent.: !In particular, high
solubility was shown in Exanples D3 3¥,- D9, D19, D20, and D21. The
present disclosure relates to subject matter 15 contained in Japanese

Pat ent Applications NO HEl11-286187, filed on Cctober 7, 1999, and No.

HElI 11- 286188, filed on October 7, 1999, the disclosure of which is

i ncorporated hayeFRoWy iBfdpkiRet. | thesspdubklifat Sipst ARPTOFIURERLY t hose

al ready nentioned_, 20 above, ny .nodifJjcatjo and varlations,of ihe above
enbodi ment rsl%nalsp bg"%?l’éawvtano%?a"é’&ﬁgrt lnga‘?(*’ oﬁ‘?t Wgeﬁ%vgbeaﬁ: eaﬁ@%{%t ageous

features of,. pr.ese i i r di , idd cations and
vari ations lépggfint?%%deqcr téw e iﬁoﬂ%‘?%g‘ Wi t |é/n ?%%ﬂsiggg?ﬁhi% ag%ended

claims. 25 \W,Q14253d 7 eREdH VE0p96951 D237 whick8! MRe kreAtfBhbHOdighidreating

an epoxy resin-cured product with a treatnment liquid containing a
deconposi t ivar oallgl watet 06r Sarpagyedussiselatien @f ctucrygaaid asidoogani c
solvent to deconpose and dissolve the epoxy resin-cured product. 2. The
nmet hod accdrtdi sgiteo claim 1, wherein the deconposition catalyst for epoxy

resin-cured products . contains one or re,co o$| dslsel e;}‘ed frgm al kal i
metal s 10 and/ of® aPR&FTaftet dit% JhFGRET] Sﬁ%‘éﬁo Q’i?? I6ht APRi AGSHRT ds
and/or sal tc%r%ﬁe'i)%gfiuc@ngnoﬁﬂfn&:ﬁe s@hiss A EampdbbSpiN26eB54 where
the treatment liguid was an organic solvent solution of an
10 organic acid or 1its salt, although the solubility varied
depending on the solvent. In particular, high solubility

was shown in Examples D3, D6, D9, D19, D20, and D21.

The present dJisclosure relates to subject matter
15 contained in Japanese Patent Applications NO. HEI11-286187,
filed on October 7, 1999, and No. HEI11-286188, filed on
October 7, 1999, the disclosure of which 1is incorporated
herein by reference.
It is to be noted that, be_sides those already mentioned
20 above, many modifications and variations of the above
embodiments may be made without departing from the novel and
advantageous features of thé present invention. Accordingly,
all such modifications and variations are intended to be
included within the scope of the appended claims.

25



3. The method according to claim1, wherein the organic solvent centains

one or rm&(éé)?@%ﬁants sel ected from am de- based sol vent?%mo@fp I--based

sol vent s, based 15 solvents, and ether-based so The

met hod according to claim2, wherein the alkali netal conmpounds are al kal
metal salts. 5. The method according 84 tlaim2, wherein the salts of
phosphor ous-contai ning acids are hydrates and/or alkali 20 netal salts. 6.
The net hod according to claim2, wherein the salts of organic acids are
hydrates ‘and/or alkali metal salts. .{,yfhe nethod according to claim i,
wherein the epoxy resin-cured product contains a halogen atom 25 8. The
nmet hod according to claim1l, wherein a deconposition product of the epoxy
resin-cured product contains a conpound recyclable as a raw material of

jijiijii. WO Od/ R&8Ada P6E\VWPRRAOHDP lan 3Sposy Nididin-eukeai psodidet Waernret hod
according to claim1l1, wherein the epoxy resin-cured product is treated
under at nes phesdtmemteskiguid dantdindnge@hotecoowposiithenp t catalysh 1fomherei n
the treatnment 5 liquid has a tenperature of 250C or |ower in air and 300C
or |owBr iePoxy | Fesinggured) PEONSHHd ¥ s&Par ATIRRLE c8APTAt e Huteri al

of : 10 ( BPePPBREPan RN PE HROSY | 7SO CoRSRoBAT Gt ter and epoxy
resin-cured praguct wibhaqa téé(‘}%fﬁi?ﬂg |1 ggli de180@t @igNT NG dRGOMPESd t 1 on
catal yst for epOXy resin-cure .
decomposition catalyst for epoxy resin-cured products
contains one or more compounds éelected.from alkali metals
10 and/or alkali metal compounds, phosphorous-containing acids
and/or salts thereof, and organic salts and/or salts fhereof.
3. The method according to c¢claim 1, wherein the organic
solvent contains one or more solvents selected from amide-
based solvents, alcohol-based solvents, ketone-based
15 solvents, and ether-based solvents.
4, The method according to claim 2, wherein the alkali
metal compounds are alkali metal salts.
5. The method according to claim 2, wherein the salts of
phosphorous-containing aclds are hydrates and/or alkali
20 metal salts.
6. The method according to claim 2, wherein the salts of
organic acids are hydrates and/or alkali metal salts. '
7. The method according to claim 1, wherein the epoxy
resin-cured product contains a halogen atom.
25 8. The method according to claim 1, wherein a

decomposition product of the epoxy resin—cureq product

cohtains a compound recyclable as a .raw material of

.



products and an organic solvent to deconpose and di ssolve the epoxy
resin-cured product; and 15 (2) separating the inorganic nmatter fromthe
liquid obt YAUESHRA the step (1). 12. The nethod accor di rRCHBOH6951m 11,
wherein the deconposition catalyst for epoxy resin-cured products

contai ns one or nore conpounds sel ectedzgrom al kali netals 20 and/or al kal
met al conpounds, phosphorous-containing acids and/or salts thereof, and
organic salts and/or salts thereof. 13. The nethod according to claim 11,
wherein the organic solvent contains one or nore solvents selected from
am de- basedsymihedidics reglaghol - based sol vents,. ketone-based 25 solvents,
and et her-based solvents. 14. The nethod according to claim 12, wherein the

al kali netal: cofPSuRiRate 2PRFGingerte SApL®. 1.11¥henein HEhe: epPRY1111 C
L Ns WO 01/25317 PCTGQPOO 0695% t39 %?.IﬁgF ngthg%}according to claim12,
wherei n t he SATTY BFRE2PADT oifs FESRERT MM Taf USRI 4R BFEFEE nd/ or

al kali netal,sa . h C kpgq4to | v@¥g ' he
salts of 5 %?‘garlll‘lhfgz g%?gga-a%ég%/%%%tgzs% g]fg;‘%r 1é.| vkvg ?éir:rﬁe%’?esa tagﬂn{lf . The
nmet hod aorortififid hael & Mehberib@FLidE 1260°CPOXY 1owES | 1in CaH© Chrdl Cfbdet
contains a hal ogen atom 18. The nethod according to claim1l, wherein the
| norgani ¢ nat tiewers ineaal imex @asgl ass. 10 19. The net hod according to
claim1l, wherein the conposite material of inorganic matter and epoxy

resi n- cur ed broddct methodny ofne sgParAtinG Ul At | AGBRAAEY® aatexdal- cl&d

| am n
a ate, inorganic matter and epoxy resin-cured product, comprising

" the steps of:

10 (1) treating the composite material of inorganic matter
and epoxy resin-cured product with a treatment 1liquid
containing a decomposition catalyst for epoxy resin-cured
products and an organic solvent to decompose and dissolve
the epoxy resin-~cured product; and

15 {2) =separating the inorganic matter f£from the liquid
obtained in the step (1).

12. The method according to c¢laim 11, wherein the
decomposition c¢atalyst for epoxy' resin-cured products
contains one or more compounds selected from alkalli metals

20 and/or alkali metal compounds, phosphorous-containing acids
and/or salts thereof, and organic salts and/or salts thereof.
13. The method according to claim 11, wherein the organic
solvent contains one or-more-solvents selected from amide-
based solvents, alcohol-based solvents, ketone-based

25 solvents, and ether-based solvents.

14. The method according to claim 12, wherein the alkali

metal compounds are alkali metal salts.
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and a printed wiring board. 20. The nethod according to claim1ll, whereifn a
15 deconposition product -of the epoxy resin-cured prodyc ins a
conmpound QWA Uhl e as a raw material of synt hetic relshch.én’g%;ﬁThe met hod
according to claim11l, wherein the epoxy resin-cured product is treated
under atnospheric pressure in 20 thé%tep (1). 22. The nethod according to
claim1l, wherein the treatrrent liquid in the step (1) has a tenperature
of 250C or lower in air'and 300C or |ower in an inert gas. 23. A treatnent

catal vt Tor 358 %Féﬁﬁ%ﬁ?iﬁ%‘%ﬁ%’ et 00 R TBEIRROBE ) O,
LR23, L TR
ke nem‘?‘+‘+$ﬁ°q‘8qﬂ%c%glt€%n%€9(2:5%&1£7H%CT P00?06951 B %%egé'#%ggition

catal yst fofaeR@gtg.esi n-cured products contains one or nore conpounds
selected fromalkali netals and/or alkali netal conpounds,

phosphor oLs: ¢ Thicaimeithgdaaicderdimgl/ to . skdim lherdwreiandher gadits o8l t s
and/or salts thereof. 5 25. The treatnent id according to claim 23,
wher eisn tdm&aruircgmisissGmehY@@m%lwleﬁeabkq%r‘@t@& ?eAts- sel ected from

am de- based sol vents, al cohol - ased sol ket one- base oI vents and
et her - baskl: sdhgerrethaqd | pEEeT :Wq | £Pt q\{HaB-M Hyq ¥ € f“ The®

resin-cured product contains a halogen atom.

18. The method according to claim 11, wherein the inorganic
matter is metal and/or glass.

10 19. The method according to claim 11, wherein the composite
material of inorganic matter and epoxy resin-cured product
is any one of an insulating boargd, a metal-clad laminate,
and a printed wiring board.

20. The method according to cléim 11, wherein a

15 decompbsitién produét of the epbxy resin-cured product
contains a compound recyclable as a raw material of
synthetic resins.

21. The method according to claim 11, wherein the epoxy
resin-cured product is treated under atmospheric pressure in

20 the step (1).

22. The method accérding to claim 11 wherein the treatment
11qu1d 1n the step (1) has ‘a temperature of 250°C or lower
in air and 300°C or lower in an inert gas.

23. A treatment liquid for an epoxy resin-cured product

25 COntatning a decomposition catalyst for epoxy resin-cured
products and an organic solvent.

24. The treatment liquid according to claim 23, wherein the
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decomposition catalyst for epoxy resin-cﬁred products
contains one or more compounds selected from aikali metals
and/or alkali metal compounds, phosphorous-containing acids
and/or salts thereof, and organic salts and/or salts thereof.
25. The treatment liquid according to claim 23, wherein the
organic solvent contains one or more solvents selected from
amide-based solvents, alcohol-based golvents, ketone-based

solvents, and ether-based solvents.
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