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1. Field of the Invention 10 The present i,nvention relates to a
deconposition treatnment liquid for a cur &d "unsat ur at ed pol yester resin, a
met hod for treating a cured unsaturated pol yester resin by the use of the
treatment liquid, and a nethod for SBEHAWICAREM™ conposite material. 2.
Description of the Related Art 15 Cured pol yester resins are excellent in
thermal resistance, nechanical properties, weather resistance, chem cal
resi stance, water resistance and the |like, and therefore, the resins are
utilized in various fields. HowS¥&HE QFj Bl IWENTIRNt ed pol yester resins

are 26 thernpsetting resins, they do not nelt after nmolded and furth are
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Pat ent BACKGROUND OF THE INVENTION

1. Field of the Invention
10 The present invention relates to a decomposition treatment
liquid for a cured unsaturated polyester resin, a method for treating
a cured unsaturated polyester resin by the use of the treatment liquid,
and a method for separating a composite material.
2. Description of the Related Art
15 Cured polyester resins are excellent in thermal resistance,
mechan:.cal properties, weather resistance, chemical resistance, water
resistance and the like, and therefore, the resins are utilized in
various fields.
However, since unsaturated polyester resins are
20 thermosetting resins, they do not melt after molded and further are
insocluble in general-purpose solvents, so that it is difficult to
reuse them. Moreover, various fillers to be mixed for improving
mechanical properties and the like are difficult to dissolve, and
hence, these materials cannot be reused.
25 As inventions aiming at the separation of a filler from a
cured resin, a method for thermally decomposing the resin at a

temperature of 900°C or higher is known for separating and recovering



Application Laid-Open Nos. 1993-139715 and 1994-87123. Additionally in
Japanese Patent Application Laid-Open No. 1995-330946, there g
di scl osed a nethod for recovering the filler by the thernal é onp03|t|on
of a thernosetting resin. In these inventions, however, since the resinis
thermally deconposed to gasify it, the Qeéoqposed product of the resin
cannot be reused except for its reuse as €nergy. Mreover, since a high
tenperature of 300C or higher is usually required for deconp05|ng the 10
resin, there sidica fowsi dindldpdimateripl | assdbsti@set idn Japppese BrEentdegr aded
to make their reuse | npossi bl e. Mrreover, for the thermal deconposition at
a high t enpePaplicatdpscbaidigrandios -t k9138712 gufr KP4-875%dci ARAHHORARIS
for controlling the reaction tenperature and pressure. Furthernore,
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safety is needed owmng to the operation at a high tenperature and a high
pressurg. resin, there is a possibility that fillers other than silica are

degraded to make their‘reuse impossible. Moreover, for the thermal
decomposition at a high temperature exceeding 300°C, there is required
‘a special apparatus for controlling the reaction temperature and
pressure. Furthermore, special attention for safety is needed owing

15 to the operation at a high temperature and a high pressure.

As a method for the thermal decomposition of an unsaturated

polyester, Japanese Patent Application Laid-Open No. 1996-85736
discloses a method for the thermal decomposition together with a feed
source of a hydroxyl group. According to the publication, the

20 temperature necessary for the thermal decomposition is generally in a
range of from 370 to 390°C. Moreover, the publication describes "At
the thermal decomposition of the resin, the resin is preferably heated
at a temperature range of from about 340 to 900°C, particularly about
350 to 450°C".

25 However, the thermal decomposition at a high temperature
exceeding 300°C requires a special apparatus for controlling the

reaction temperature and pressure. Moreover, special attention for



On the other hand, as a nethod of the deconposition at a |ower tenperature
as conpared with the case of the thermal 5 deconposition, th?gﬁﬂk§0&5nethod
of chem cal deconposition. As a nethod for chem cally deconposing an

unsat urated pol yester resin, Japanese Patent Application Laid-Cpen No.
1996- 113619 di scl oses a nethod of using a_base and a hydrophilic sol vent.
Japanese Patent Application Laid-Qpen No.31996- 134340 discl oses a net hod
of using a 10 base and a nonohydric al cohol. Mreover, a nethod of using a
glycol is déstdtysed needbdpawiose tPattenvpappliovatt enhigh de@peratvre and a
1996- 225635 and a nmethod of using a dicarboxylic acid or a diamne is

di scl osed i nhidmparesearerat ent Applicati on Lai d- Open No. 1997-221565.
Japanese Patent Application Laid-Qpen No. 1997-316311 di scl oses a net hod
of 15 using di et hanolQarithe otherevand, as v dethed £ nEha fgsomEpRis)or &tr 8si ve
chem cal substances, special attention toward the human body and the

envi ronment +EVEIh FREPRTAIAERAS IgSTRRRAS With thecasss #fothe dhaE™Ho corrosi ve
chem cal substance, the nmethod is not practical because of 20 an extrenely
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atom bonded t°'0 carbon atom
10 base and a monohydric alcochol. Moreover, a method of using a glycol

is disclosed in Japanese Patent Application Laid-Cpen No. 1996-225635
and a method of using a dlcarboxyhc acid or a diamine is disclosed in
Japanese Patent Application Laid-Open No. 1997—221565. Japanese
Patent Application Laid-Open No. 1997-316311 discloses a method of

15 using diethanolamine.

However, since these methods employ corrosive chemical
substances, special attention toward the human body and the
environment is indispensable. Moreover, in the case of using no
corrosive chemical substance, the method is not practical because of

20 an extremely slow decomposition rate.

In the case of decamposing or dissolving a cured unsaturated
polyester resin for the purpose of reuse the raw materials, it is
generally not preferable to decompose the resin thermally.

In general, in the thermal decomposition under an atmosphere

25 containing oxygen, carbon atom and hydrogen atom are oxidized to form
carbon dioxide and water, respectively, and therefore, it is difficult

to used them as synthetic raw materials of a resin.



Is liable to be elimnated, whereby mainly carbon is forned. Therefore, It
is difficult to reuse it as a raw material of a resin. Furthegy-Bobde case
of separating the deconposition product of a cured unsaturated % Pyester
resin froma filler for the purpose of reusing each of them it is
difficult to reuse them because nelting,. ,xidization, or a change of
crystalline structure of the resin occurs and thereby, changes of strength

and formthereof are resulted in when 10 the filler is excessively heated.
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and thereby, changes of strength and form thereof are resulted in when

10 the filler is excessively heated.

Moreover, the methods of using corrosive chemical substances
are not preferable in view of hammfulness to the human body and
necessity of special consideration for safety of the apparatus.

Furthermore, in view of the efficiency at dissolution,'

15 higher decomposition rate or dissolution rate of the cured resin is

more preferable.

Summary of the Invention
An object of the invention is to decompose or dissolve
20 efficiently a cured unsaturated polyester resin which is used for
small crafts, automobile parts, railroad wvehicle parts, furniture,
bathtubs, electrical appliance, water-reservoir tanks, and the like.
Moreover, another object of the present invention is to
separate efficiently a filler from decamposed components of a cured
25 unsaturated polyester resin.
The present invention includes a decomposition treatment

liquid for cured unsaturated polyester resins, comprising a phosphoric



I ncl udes pot assi um phosphate, nore preferably potassi um phosphate hydrate.
The treatment |iquid may contain an alkali metal ion. The tregf Qboiiquid
may contain an al cohol -based sol vent or an organi c sol vent havﬂﬂg a boiling
poi nt of 170C or higher. Preferably, the treatnent liquid is an

al cohol - based sol vent having a boiling pognt. of 170C or higher. The
present invention also includes a nethod for treating a cured unsaturated

pol yester resin conprising a step _of deconposi or__dissol.ving the cured
unsat ur at ed pEPPeEYRE LH’GUQ:Fn%JtthEh%‘f?B e a"t‘f%ﬁt?@?ﬂ‘lﬁﬁﬁv&pgm t he

treatment, the tenperature_of the treatment, liquid 15 be_2 or | ower.
Moreover, the resin n%ewh%épg‘aw}??&ét’ a%%@%%é’ﬂ'@%’?é%%?%é&ﬁe present
i nvention also in¢cludes a nethod for separati | '

cont ai ni ng a FGPErs &’H%aﬁsjd{]‘r @%&?uf‘%ﬁ?ﬁ%@@gg’@?ﬁ% %‘té%el ﬁét he
conposite ma eriah%is separated into the 20 filler and a cured resin powder
or a sol uti of¥§F conposed product of the cured resin by treating the
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liquid Oorf the present invéntron, a°cur unsaturate | yester resin can
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Furt her nore, accor%-ll ng to the present invention, by deconposing or
di ssol vi ng a prdreFaniIRS athe 3r8dtiRelty eSdeld 1€ €n allSéig -Based solvent having a

boiling point of 170°C or higher.

10 The present invention also includes a method for treating a
cured unsaturated polyester resin camprising a step of decomposing or
dissolving the cured unsaturated polyester resin using the above
treatment liquid.

At the treatment, the temperature of the treatment ligquid

15 may be 250°C or lower. Moreover, the resin may be treated under
atmospheric pressure.

The present invention also includes a method for separating
a composite material containing a filler and a cured unsaturated
polyester resin wherein the composite material is separated into the

20 filler and a cured resin powder or a solution of decomposed product of
the cured resin by treating the cured resin with the above treatment
liquid.

According to the treatment liquid of the present invention,
a cured unsaturated polyester resin can be easily decomposed or

25 dissolved.

Moreover, according to the invention, a cured unsaturated

polyester resin can be converted to a reusable resin material by




specific treatnent liquid, a conposite material containing a fill er 5 and a
cured unsaturated polyester resin can be separated into the %5” nd the
resin, each of which can be easily reused. Nanely, the presek ven ion is
effective for reuse of a nolding which conprises using a cured unsaturated
pol yester resin. The present disclosure relates to subject matter
contained 10 in Japanese Patent Applicat iorP No. 2000-390804, filed on
Decenber 22, 2000, the disclosure of which is expressly incorporated

herei n by releepogition bs @dinisbietion EBRAACEED DESCRI PTI ON OF THE | NVENTI ON
15 The following will explain the present invention in detail. The cured
unsaturated pol yest er Fnethermonhi ciecosding &ogete presdnteinvesdtiopntbywof the
present invention, is not particularly limted and the treating nmethod of

t he present i decenpbsnG e Gisseppine @ corethynsagtimaded odyester depdh yusdngra
resin commonly Jmown. That is, the 20 treatnment |iquid of the present
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pol yester and a pol ynerizable nononmer as essential conponents. The
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A0 in Japanese Patent Application No. 2000-390804, filed on December 22,
2000, the disclosure of which is expressly incorporated herein by

reference in its entirety.

DETATLED DESCRIPTION OF THE INVENTION
15 The following will explain the present invention in detail.
The cured unsaturated polyester resin, which is a target of
the treatment of the present imvention, is not particularly limited
and the treating method of the present invention can be applied to any
cured unsaturated polyester resin comonly known. That is, the
20 treatment liquid of the present invention can be applied to a cured
molding comprising an unsaturated polyester and a polymerizable
monomer as essential components.
The following will illustrate the examples of preparing the
cured unsaturated polyester resin which is a target of the treatment
25 of the inwvention.
The unsaturated polyester is obtained, for example, by

reacting a polybasic acid component including an o,f-unsaturated



specifically maleic acid, fumaric acid, itaconic acid, citraconic acid and
mal ei ¢ anhydride. These nmay be used singly or as a conbinatiﬂ?h§§206@n or
nore of than. For regulating the concentration of an unsaturated” group and
i mparting characteristics such as flexibility, thermal resistance, and the
| i ke, the above pol ybasic acid conponent_ngy_contain a saturated polybasic
acid or anhydride thereof other than the a, 13-unsaturated polybasic acid
or anhydride thereof. The ratio of the saturated pol ybasic acid anong the
whol e 15 poIyb&&h@iac&uut@wwwﬁéﬁﬁiﬂ%'%%%?@%éﬁl?nd%ﬁ¥¥é+¢bémﬂ@@€ﬁﬂiWﬁgbﬁ t he
pur pose. However, when the ratio of the a, 13-unsaturated polybasic acid or
anhydri de t hpeldtydziemiaolelwhol e pol ybasi ¢ aci d conponent becomes

smaller, the strength of the resulting nolded product tends, o decrease
gradual | y. For exanp/Examples ofcbhe ih§-wrsstrgetnd gedvhasdgurtid 5 "E‘Iﬁgd& ent
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sebaci ¢ aci dy trigLlLitd€ AGhd, trinmellitic anhydride, pyronellitic acid,
di ner acid, succinic acid, azelaic acid and rosin- naleic acid adduct.

These may be used si Rghy Q3% iAg W@EDEARhePation bAOInERARa08d tdiRNp and
Exanpl es of the pol yhydric al cohol which is another synthetic raw nmateri al
of the ygnsat yiad@dngotnasesristabydsachi Ay dlekibility, thermal resistance, and
the like, the above polybasic acid component may contain a saturated
polybasic acid or anhydride thereof other than the o,fi-unsaturated
polybasic acid or anhydride thereof. '
The ratio of the saturated polybasic acid among the whole
15 polybasic acid component is optionally controlled depending on the
purpose. However, when the ratio of the a,f-unsaturated polybasic
acid or anhydride thereof among the whole polybasic acid component
becomes smaller, the strength of the resulting molded product tends to
decrease gradually. For example, for preparing a hard molded product,
20 the content of the a,p-unsaturated polybasic acid or anhydride thereof
in the polybasic acid component is preferably 40 mol% or more, more
preferably 45 to 80 mol%, particularly preferably 50 to 70 mols.
Examples of the above saturated polybasic acid or anhydride
thereof include phthalic acid, phthalic anhydride, isophthalic acid,
25 terephthalic acid, tetrahydrophthalic acid, tetrahydrophthalic
anhydride, 3,6-endo-methylenetetrahydrophthalic anhydride,
hexahydrophthalic acid, hexahydrophthalic anhydride, glutaric acid,



al cohol s such as ethylene glycol, diethylene glycol, propylene glycol,

di propyl ene glycol, 1, 3-butanediol, 1,6-hexanediol, neopenthyé‘ﬁgégﬁg,

1, 4- cycl ohexanedi ol , and hydrogenated bi sphenol A; trihydric aﬂc 0 10
such as glycerin and trinethyl ol propane; tetrahydric al cohols such as
pentaerythritol; and the |like. These nmay be used singly or as a

conbi nation of two or nore of them Vvth'rggérd to the polybasic acid
conmponent and the polyhydric al cohol, the polyhydric alcohol is used in an
equi val ent  l&lipatiarcidf, petfcdcaddid,1ttinell3tiomced prisfisebbliiclagyydradd. 05,
when the polybasic acid conponent is 1. \Wen the ratio of the polyhydric

al cohol decr gazesellitdcratih ubimemecifit svbcitie aetdl Bzadaimagldrandegosin-
pol yester tends to decrease. Wien the ratio increases, acid value

decr eases, amwlefierasiyl addmrteasBhase My desiised sdpagly 105 8% Gt ceELINAPY o0 in
the case that a thickening agent is used. An unsaturated pol yester can be
synt hesi zed bioaonemdredot Hilellert o known. For exanpl e, the pol ybasic acid
conponent and the pol yhydric al cohol were subjected tqQ condensation

reactior®under renovEfaplesQfeithe RGIFHVEFLG ReCPhe "idh 1508RC M 6Hponent s
ted. 25 Th | of_th t ffected, b .
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si de reaction by tion,
pentaerythritol; and the like. These may be used singly or as a

combination of two or more of them.

With regard to the polybasic acid component and the

polyhydric alcohol, the polyhydric alcohol is used in an equivalent
15 ratio of preferably 1 to 1.3, more preferably 1.03 to 1.05, when the

polybasic acid camponent is 1. When the ratio of the polyhydric

alcohol decreases, the molecular weight of the resulting unsaturated

polyester tends to decrease. When the ratio increases, acid value

decreases, and thereby, increase of viscosity tends to proceed slowly
20 in the case that a thickening agent is used.

An unsaturated polyester can be synthesized by a method
hitherto known. For example, the polybasic acid component and the
polyhydric alcchol were subjected to condensation reaction under
removal of water formed at the time when both camponents were reacted.

25 The removal of the water was effected by spontaneous distillation by
passing an inert gas or distillation under reduced pressure. In order

to accelerate the distillation of the water, a solvent such as toluene,



reaction is preferably carried out under passing an inert. gas, such as
nitrogen or carbon dioxide, through the system 10 As the re?%$hﬁa 06
apparatus, an apparatus made of glass, stainless steel, or e |Q S
selected, and it is preferable to use an apparatus fitted with a stirring
apparatus, a fractional distillation apparatus for preventing the
distillation of the alcohol conponent by gzébtropy of water and the

al coholic conponent, a heating 15 apparatus for raising the tenperature of
t he reacti on spishem om theehijwr neyirke edded dol Hhr) SAFEER ASudn fAACOtREeP}eat i ng
apparatus, an apparatus for introducing.an inert gas such as nitrogen, and
the like. Thecampobertav&regreessoPEdifleareartiignt casy beheetasdad [eresallhdYyest er
is preferably from 1000 to 4500. 'Wien_the_nol ecul ar_weight 20 is smaller
than 1000, t Heagusenent pEdtes apeent ef absld 1égksh frrmeth duppRe Jheatedsidlint of
a thickening agent is added, so that the resulting resin co sition may
be soft and dlueagdhativgedatemminahion gf, ermipat gro "Fﬁ@”ﬁﬂ%g ufar wei ght
is larger than 4500, the viscosjty is _high, an iLnsufficient inpregnation
is apt tD occ{iSPRLEREL Ehe Feachto ﬁﬁ?’é"dﬁai’{:oﬁ’eo;u‘%?'ass fiber or the like,
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stainless steel, or the like is selected, and it is preferable to use
an apparatus fitted with a stirring apparatus, a fractional
distillation apparatus for preventing the distillation of the alcohol
component by azeotropy of water and the alcoholic component, a heating

15 apparatus for raising the temperature of the reaction system, a
temperature-controlling apparatus for the heating apparatus, an
apparatus for introducing an inert gas such as nitrogen, and the like.

The number average molecular weight of the unsaturated

polyester is preferably from 1000 to 4500. When the molecular weight

20 is smaller than 1000, the viscosity does not increase even if an
appropriate amount of a thickening agent is added, so that the
resulting resin composition may be soft and disadvantageous in the
workability. When the molecular weight is larger than 4500, the
viscosity is high, an insufficient impregnation is apt to occur in the

25 case of impregnation of glasé fiber or the like, and the surface
glossiness after molding tends to decrease.

Examples of the polymerizable moncmer for use in the cured



et hyl ene gl ycol dinmethacrylate, neopentyl glycol dinethacrylate and 10
trimethyl ol propane trinmethacrylate nay be used. An unsaturat?glJ bﬁg@ter
resin conmposition may be prepared by m xing the unsaturated polyester and
t he pol yneri zabl e nononmer and adding a curing agent, a polynerization
inhibitor, a shrinkage- lowering agent, a {hickening agent, and the liKke,

I f necessary. The 15 mxing ratio of the unsaturated polyester resin to the
pol yneri zabl e nononer can be sel ected dependj ng on_the £orn1ofﬁ€i¥{oduct

to be appli ethsalorxtasl pplyesiert Fesipahtf Sideus THE S Sevetivey S ke. For
exanple, in the case of applying the conposition to .a fabric material 1in a
sheet form igtyicengr erdpaptigmeseyEvisyt Gn‘f)a%efgb?ming{éﬁengf' %E)dthe
unsaturated polyester resin and 75 to_20 parts. by weiqght_of the_ .

pol yner i zabl eneprekareneandliftl psters of p‘P'E‘e‘{‘f”eﬁéftﬂ—1é‘y 981%295 2‘6‘3(101%6%%% £9 by

wei ght of the unsaturated polyester resin.and to p f
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the viscosity of the,resin AR .St (o] [~ .Sheet
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curing is | arge: 350 R4 ruladhhihethhas)abe o ackiEatel ketdmy sodsuss at
S. n

nol ded produc e anount of the unsaturated pol yester resin
exceeds 80 paé&glgﬁe YR8t ainltBaGyIGLE, NRSPENtY] GYyddlatlindkhacoppats &hdn i s
difficult to apply owng to the high viscosity or that the conposition is
di fficypht tofimstiridippbbate aptipeaniglatexmaplesusédst he curing agent
I ncl ude ket one peroxi des,

An unsaturated polyester resin composition may be prepared

by mixing the unsaturated polyester and the polymerizable monomer and
adding a curing agent, a polymerization inhibitor, a shrinkage-
lowering agent, a thickening agent, and the like, if necessary. The

15 mixing ratio of the unsaturated polyester resin to the polymerizable
moncmer can be selected depending on the form of a product to be
applied, workability at the manufacturing process, and the like. For
example, in the case of applying the composition to a fabric material
in a sheet form, it is preferable to use 25 to 80 parts by weight of

20 the unsaturated polyester resin and 75 to 20 parts by weight of the
polymerizable monomer, and it is more preferable to use 40 to 65 parts
by weight of the unsaturated polyester resin and 60 to 35 parts by
weight of the polymerizable monomer, the total amount of the
unsaturated polyester resin and the polymerizable polymer being 100

25 parts by weight. When the amount of the unsaturated polyester resin
is less than 25 parts by weight, the viscosity of the resin

composition is too low to apply it in a sheet form, and the



10 peroxydi carbonates, hydroperoxi des, diacyl peroxides, peroxy ketals,

di al kyl peroxides, peroxy esters, alkyl peresters, and the '¥§fﬁ EB@B
anount of the curing agent affects not only nolding cycle bu L6 Shel 1
life of the material, color heterogeneity, and the |like, and therefore, is
suitably determ ned dependlng on the reqqi{ed properties. 15 In view of the
shelf life of the material and nolding cyc the anmount of the curing

agent is preferably from0.5 to 5% by wei nor e preferablé%g to 3% by
wei ght, el atinpesitionhds t@GEALCEHo AL Wi O%BV%O“EHES? POl yest er
resin and the pol ynerizabl e nononer. Exanpl t |zat|

i nhi bi tor | esdimentgationpe i XEGeAREE, Highh H@gﬁr B?Fé% g mca’@erlal
hydr oqui none, nono-t- butyl hydroqui none, dr.oxyt

like. The [esykesd i&ﬁ“oﬂlei ﬁ’ﬁ'i‘%?sclcﬁlmi’slspfr‘@#‘g?‘g 8¥’ ‘ﬁl &N arb ggtlo 0 5%

b ht | | at to the total t of th

pgl y\gg!t gr r%ﬁdngi%sﬁ}r gﬁga]%ﬁég 3 arci‘gBSFo O%DW&II%% g"’r%%?nwgo%om f1on
d th t |

TG0 Shoun e EROSBEY s She BEeRuTLe flfbear HRdh Heedeho B bPT
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such as pol rene ycaprolactone pol yvi nyl

acet ate, pol hylene gﬁgﬂnhgr¢dmﬁuﬂ&e
The anmount f%mg %Fﬁer%éneg |%Q%§n3| ratlo the 5 shrinkage,
§§£I?§5|Z?F3&? n1te nﬂﬂﬁgaEéﬁE%e o?spfgpgrrﬁgd:dlg&fdgﬁﬁlnkggg LZrSO;DIded
product, it is pref eﬁ@}ﬁegq? £13pet ARi9Gr Addrad encludeckettpeaperdxidasan anount
ranging from20 to 50% by weight relative to the total anount of the above
unsat ur g ed ReLYGEL@IrbbASIdY , aRfdidperatifiesp ofiyauyli pevixéden perexy ketals,
dialkyl peroxides, peroxy esters, alkyl peresters, and the like. The
amount of the curing agent affects not only molding cycle but also
shelf life of the material, color heterogeneity, and the like, and
therefore, is suitably determined depending on the required properties.

15 In view of the shelf life of the material and molding cycle, the
amount of the curing agent is preferably from 0.5 to 5% by weight,
more preferably 1 to 3% by weight, relative to the total amount of the
above unsaturated p(_)lyester resin and the polymerizable monomer.

Examples of the polymerization inhibitor include p-

20 benzoquinone, naphthoguinone, toluquinone, hydroguinone, mono-t-
butylhydroguinone, dibutylhydroxytoluene, and the like. The
polymerization inhibitor is preferably used in an amount of 0.5% by
weight or less relative to the total amount of the above unsaturated
polyester resin and the polymerizable monomer. In the resin

25 composition mixed with a curing agent, it is preferable to incorporate

the inhibitor in an amount of 0.05% by weight or more, for imparting

storage stability.



As the thickening agent, magnesi um oxi de, magnesi um hydroxi de, potassium
oxi de, potassium hydroxide, or the |like may be wused, for ex g ‘%1
general , magnesi um oxide is used. The amount of the thickening ageht is
determ ned depending on the workability of 15 the nolding naterial. The
anount is preferably fromO0.5 to 5% by welg nore preferably fromO.7 to
2% by weight relative to the total anount 16f - the above unsat urated
pol yester resin and the pol yneri zable nononmer. Wen the anount of the
thi ckening agent is tae smakhrirkegeelowrsdngsagentase thearoplestit seasdnt aabf
the resin conposition does not 20 increase, and thus no effect is obtained.
Wien the anpumé pgodyheihyll metdmcryhere pelﬁtgvsmbpbleHM§ct¢m-vP@hﬂ§-ﬂf§r
i ncreases too nmuch to control. The above unsaturated polyester resin
conposi ti on nagetiate, fpelybtnyleneor o butadienet fukbereiash den gorgrined. afor
stabilizer, a colorant, 25 or the like, if necessary. Furthernore, the
unsat ur at ed petar@ieer Thesamourdnpodia used Mdewwﬁmﬁsmqaﬁb%ﬁ the
filler as shown bel ow and then nolded. As 18 July 2006 - 13 the_inorga
filler, $hoseshyimsage) pugiees SHPOHENSSEs %Saﬁqﬂeu giowsy of E@?-&PGSPIE?PE ﬁ
inorganic filler include metals and oxides dr oxi des halldesfj @nd

ic

nitrides of nandlis, n%*bmaﬁé%%lla%yc#%?%ls iBn G ﬁ@s?lq{ﬁeprem s

exanpl es include boron, alumnum iron, i con, ni u .U _
cobal t, ni ckefhrinkage hazp| d&ﬁp’é‘?qu%r it( i, Pretf&ﬁ Jtee ' (ﬁ)r[.’n"?ﬁe

e AR ) Hl 07y S,
o ounte SRR INOEREACor G ShuR ShbAGitpe W beet s et
??frefgﬁgwﬁ%ﬂ%‘ﬁ%ﬁ%ﬁ?t the inorganic filler is an inorganic
As the thickening agent, magnesium oxide, magnesium
hydroxide, potassium oxide, potassium hydroxide, or the like may be
used, for example. In general, magnesium oxide is used. The amount
of the thickening agent is determined depending on the workability of
15 the molding material. The amount is preferably fram 0.5 to 5% by
weight, more preferably from 0.7 to 2% by weight relative to the total
amount of the above unsaturated polyester resin and the polymerizable
monomer. When the amount of the thickening agent is too small, there
occurs a case that the viscosity of the resin composition does not
20 increase, and thus no effect is obtained. When the amount is too
large, there is a possibility that the viscosity increases too mach to
control.
The above unsaturated polyester resin composition may be
further incorporated with a releasing agent, a stabilizer, a colorant,
25 or the like, if necessary.
Furthermore, the unsaturated polyester resin composition may

be mixed with an inorganic filler as shown below and then molded. As



solubility in the treatnent liquid, such as glass, calciumcarbonate, or
the like, the inorganic filler can be easily separated and {§&§v%&? to
reuse. Moreover, the formof the inorganic filler nmay be 15 po %r, i ber,
bead, foil, film wre, circuit, or the like. The ' fiber may be nat-shape
one or woven one such as a cloth. The rgtj'[g of the inorganic filler
contained in a cured resin is not particularly limted, but is, in
general, in the range of 5 to 90% by weight. Furthernore, the uns%ttfrae&ed
pol yest er r diienivorgradict fokemaythose sRParetel WHetntor LS, ey R e 2ed-
substance such as wood or an artificial organic substance. uchh% s

pl astic pi edxamples ofr §amiinorganiceFilleryip ta Sy é’xﬁ’éﬁls'be 88 In

e
the case that the solubility of the organic filler in the treatgent.liquid
is |ow thehadigasi @G pierd anO%gﬂéaéﬁwmg‘efb%}F&#t‘a cha%?%%oeﬁﬁe ) ELérhe
unsat urated pol yester resin which is_a.target_of .fhe . sent jLgyention can
1538 SITRIFT CHEHIHR POTRY ﬁ“&%‘[‘%ﬁ theT b

be produced aSPet : . a e known et hod

and e pol yHaRLETa BoRB{ e Paoals; BEpd Bt cHabias il AEefPaRe T

o oceeds NS e SRYaha” o, 1EAEr LGB! SU-AcAm Uhescandenanioan

pr essur o, | aPaE: ot dedl natEide  5En AL, i 8, BUMGRICIEPE % such

as toluene g qu]%g LOudRmSH iR a8, HagAEENT Rpdrbxide,
ﬁ%&g&éés of t gc%rbaﬁi&iﬁéj

conponent . reaction can be detected generally by
measurenent of Lie &AkAte Ofangetntatixé or Maessl Unopgariite £1 Ebats may be used
guantitative determnation of 10 term nal groups, neasurenent of viscosity
of theqs eactgjg,glgvys&e@g arfuseBeond loe. mibhmire ust rgchfcanpenents.at in dthedcase

pol yester resin nmay be <carried out at any tenperature as far as the curing
proceeds, buihathehe inorganic filler is an inorganic filler having a low

solubility in the treatment liquid, such as glass, calcium carbonate,
or the like, the inorganic filler can be 'easily separated and
recovered to reuse. Moreover, the form of the inorganic filler may be

15 powder, fiber, bead, foil, film, wire, circuit, or the like. The -
fiber may be mat-shape one or woven one such as a cloth., The ratio of
the inorganic filler contained in a cured resin is not particularly
limited, but is, in general, in the range of 5 to 90% by weight.

Furthermore, the unsaturated polyester resin composition may

20 be mixed with a natural organic substance such as wood or an
artificial organic substance such as a plastic piece as an organicr
filler, and then the mixture may be molded. In the case that the
solubility of the organic filler in the treatment liquid is low, the
organic filler can be easily separated and recovered.

25 The unsaturated polyester resin which is a target of the
present invention can be produced by a method hitherto known.

M@les of the known method include a method wherein the polybasic



curing is generally effected at a tenperature ranging fromroom
tenperature to 250C. Moreover, the curing may be carried 0m1$"ﬂﬂ§.?0é65

el evat ed pressure, or atnospheric pressure or reduced pressure. e cured
resin is not necessarily hardened perfectly, and nay be a sem - hardened
one which does not flow at roan tenperaturge, As one exanple thereof, a
nol ding material using an unsaturated pol yje%t'er may be nentioned. 20 At
the treatnment of the cured unsaturated polyester resin wth the treatnent
liquid, the ciiedcamgsnentendbehe redybydnis slethod were gubjeqiedefo cr ushi ng.
The size of crushed resin is not particularly Ilimted and _any sized resin
may be treat egnddiasetiyn feadtionowhichepreiegdy undes theh IEmePBp gt & Wates nal |
pieces, and it is sufficient 25 to adjust the resin to the size which can
be treated i mesulteshifiroy thepoandensatieny t Theizgmeyal i9f the waieE s
separating and recovering a filler, it is preferable %o adj yst the a}__%e of
the crushed prefesally e6fgctedoBy -SppytanRayus &isdliatide gf?qutsllﬁﬁc?"dfl
separation and recovery of the filler_ and the o era%i:li t the .reuse of
the recdver ediasi pr etistidtatdeanpnder rpduGadePEeRREt &t 80ET %(3 acrqlerare

puch o5 9loss LLDSLL. 0 <0 ReCRIES, SLhel i LSRR WY
B O IO £ Vi 1 s o, S EEAE Qs ePPREGLSe b O3k o
Doy el S eReSESE chlEFAL b7 sl byt i ptanoseof 10
10 e Lo (0482 ASREaBELOtho CobkiTon, iyt 0: a3t usashrs becomes

Slecorrpggi‘ ng q, 9'!.55';_.9@909@3} REaSWF&EEnt UNS ¥ W6ad18¢ 6P trestedctiionl Systlemchort s a
arget of the present™ i nvention,
the like. The curing of the unsaturated polyester resin may be
carried out at any temperature as far as the curing proceeds, but the
curing is generally effected at a temperature ranging from room
temperature to 250°C. Moreover, the curing may be carried out under
15 elevated pressure, or atmospheric pressure or reduced pressure. The
cured resin is not necessarily hardened perfectly, and may be a semi-
hardened one which does not flow at room temperature. As one example
thereof, a molding material using an unsaturated polyester may be
mentioned.
20 At the treatment of the cured unsaturated polyester resin
with the treatment liquid, the cured resin may be treated as such a
size or after crushing. The size of crushed resin is not particularly
limited and any sized resin may be treated. Namely, it is not
necessary to crush into particular small pieces, and it is sufficient
25 to adjust the resin to the size which can be treated in a treating
apparatus. Particularly, in the case of separating and recovering a

filler, it is preferable to adjust the size of the crushed pieces



conprises a phosphoric acid-type conpound or salt thereof, and an 15
organi c solvent. Mreover, the treatnent liquid may contain ﬂfﬁnyg 06
phosphoric acid-type conmpound and salt thereof. Exanples of e pﬂosphoric
aci d-type conpound include phosphoric acid, hypophosphoric acid,
phosphor ous aci d, 20 hypophosphor ous ac[d15pyrophosphoric aci d,
tri met aphosphoric acid, tetranmetaphosphoric acid, and pyrophosphorous
acid. Exanples of the salt of the phosphoric acid-type conpound conprise
ani ons of t haccairding pivodpe oefificiency BY pERESAEEThdEAaFREOVERY | Ofndhe il ller
Exanpl es of the cations include ions of I|ithium sodiun¥, pot assi um 1
rubi di um cemidiheberpeuability ahgesrawe O B FECYSISH: FHMeT - b 9ruffamp-e.
titanium zirconium vanadium chromu manganese, _iron, 18 Jul 006 - 16
cobal t, nickin theoppes OfsTecAVEripg | §aﬂﬁﬁr %3%,3561%?% ﬁ?ergam%hﬁe"?'leﬁ
and ammoni um  These salts may be any of prinpry salts hayipng _on al . and
two hydr ogendHHREL et RYUSH yheR| FIshedi ot err?f‘ﬁ?esdnd‘%oﬁ% pﬁﬁg‘?%%%ﬁ tcg
atom and tertiary salts haying three netals d ma any. of acidic
salts, alkal ?%%aﬁ%,a&ﬁge‘iﬁgﬁﬁ t?a?t%’izemgsgdqgg' %%L’Ilg%g' myaly? be used
singly or as a m.xture of several. kinds, of Vb, Akes& 0 gund
ot her than tﬂﬁgﬂﬁ%ﬁaﬁﬁﬁhﬂg'ﬁﬁysﬁghﬂggdtha 4&£ﬁi%ﬁ%¥hn% coﬁ?%h?ﬁation
of inpuritie cause n Egg!ﬁm tgﬁgg '?%&%?ﬁéq bi-adigy of
t he solubiIiﬁ?%&%n%atso'vgﬁg, pre eﬁ%%aeﬁgegesa t-of an alka Pb%%tal with a
phosphor i ¢ G4 bYRELRERPiaes! therbe G35 Brifikndy 8 the SonY6! &t 30IMeRb |
used, a hydrate ereof | urther preferred.
1.5 m. When the size is smaller than the range, the crushing process
10 tends to take a longer period of time, while the treating time becomes
longer when the size is larger than the range.
The treatment liquid for decamposing or dissolving the cured
unsaturated polyester resin which is a target of the present invention,
comprises a phosphoric acid-type compound or salt thereof, and an

15 organic solvent.

Moreover, the treatment liquid may contain both a phosphoric
acid-type compound and salt thereof.

Examples of the phosphoric acid-type compound include
phosphoric acid, hypophosphoric acid, phosphorous acid,

20 hypophosphorous acid, pyrophosphoric acid, trimetaphosphoric acid,
tetrametaphosphoric acid, and pyrophosphorous acid.

Examples of the salt of the phosphoric acid-type compound
comprise anions of the above phosphoric acid-type compounds and
cations.

25 Examples of the cations include ions of lithium, sodium,
potassium, rubidium, cesium, beryllium, magnesium, calcium, strontium,

barium, titanium, zirconium, vanadium, chromium, manganese, iron,



As the organic solvent for use in the present invention, 15 preferred are
am de-type, al cohol -based, ketone-type, ether-type, est er-t¥§ﬁﬂigb(\/§nt S.
These may be used singly or as a mxture of several kinds o m

Mor eover, in conbination with these solvents, inorganic solvents nay be
used, and contam nation of inpurities in é?e sol vents may cause no problem
20 Exanpl es of the ami de-type solvents incPude fornmam de, N

met hyl formam de, N, N-di nethyl formam ds, N, N-di ethyl formam de, acetam de,
N- net hyl acet aobatet,, hidkedi, mredpneraceterdepalilafitm, Finct AR IRy (ggl-EBm.
2-pyrrolidone, N-nethyl-2-pyrrolidone, caprolactam and carbamate esters.
25 Exanpl es tintdrel almoarideim. based sol vents i nclude nethanol, ethanol,

1- propanol, 2-propanol, 1-butanol, 2-butanol, iso-butanpol, test-butanol,
1- pent anol , 2- pent andhesa-gsditsamall be2anip Ofy Primagyt $idiS haging epe -ang

| so-pentyl al cohol, tert-pentyl alcohol,_3-nethyl-2-butanol,_ neopgntyl

al cohol , = 1- héwartatdrogengteys - |segeRdaryopalis Pét’h%ﬂ I?é’d@?ﬁﬂgrnai“? %eegﬁ%gen
1- but anol, 1-heptanol, 2-heptanol, 3-heptanol, cyclohexanol. 1- s
net hyl cPcl ohekemolandotertifyy SAdit§HaxkaRg| Fhrﬁen@ﬁ%liscy%‘?%ﬁ@?a%lafwffs acidic

met hyl cycl ohexanol, 1, 2-propanedi ol, 1, 3-propanedipl . 1 2-Dbutanedial,

1, 3- but anedi &f1ts; Mﬂ%’é}?eﬁg-bﬁs,' gnérmyﬁzgﬁﬁ(ﬁa@?s 1?@9%%@c ol ljﬁ%}'%syl(]:seerdl n,

di propyl ene glycol, ethylene_glycal .  ethyl q8| I her,

et hyl ene gl ygbgg%ﬁ’ﬁeﬁﬁ "‘é’f'ﬂgig?logtﬁ?’f&"g e kg‘l%)%g(%é’ mnbg?%gy et'hg%

et hyl ene gl ycol nonobutyl . ether [ Y BB £36n 9! afeo!

nononet hyl ef’ﬂ'&’?m& 8&5%7/‘? ﬁ?&“ﬁ'ggl %noet ﬁy grettgeﬁ(I1a'1r5t,3&O‘ic'tlﬂijet hyl ene E ycol

monopr ObY|  eLhel el fLAY 12N et ¢0Ls HRPOBARY nélhiebien! ri et Nyl ene gl ycol
ol no h [

triethyl ene SPyc nonet hyl™ ether, triethylene glycol nonoethyl ether,

t et raet]gyl ene gl ycol ,An.BH{;t %epg%%sm?nan GHYROIcF stiedh sslyralyey hyhere
gl ycol "#200, polyethylene glycol #300,

solvent, preferred is a salt of an alkali metal with a phosphoric

acid-type compound. In the case that a water-soluble solvent is ﬁsed,
a hydrate thereof is further preferred.
As the organic solvent for use in the present invention,

15 preferred are amide-type. alcohol-based, ketone-type, ether-type,
ester-type solvents. These may be used singly or as a mixture of
several kinds of them. Moreover, in combination with these solvents,
inorganic solvents may be used, and contamination of impurities in the
solvents may cause no problem.

20 Examples of the amide-type solvents include formamide, N-
methylformamide, N,N-dimethylformamide, N,N-diethylformamide,
acetamide, N-methylacetamide, N,N-dimethylacetamide, N,N,N',N'-
tetramethylurea, 2-pyrrolidone, N-methyl-2-pyrrolidone, caprolactam
and carbamate esters.

25 Examples of the alcchol-based solvents include methanol,
ethanol, l-propanol, 2-propanocl, l-butanol, 2-butanol, iso-butanol,

tert-butanol, l-pentanol, 2-pentancl, 3-pentanol, 2-methyl-1-butanol,



15 and pol yet hyl ene gl ycol #400 (all of them are trade names, manufactured
by Kanto Kagaku K K.). In the case of using a polyethylene 9%%&850 6t S
preferable that the average nol ecular weight of the polyethylén g?ycol S
500 or less in viewof the solubility. 20 Exanples of the ketone-type
solvents include acetone, nethyl ethyl ketone, 2-peptanone, 3-peptanone,

2- hexanone, methyl isobutyl ketone, 2-hepthnone, 4-heptanone, diisobutyl
ket one, cycl ohexanone, nethyl cycl ohexanone, phorone and i sophorone.

Exanpl es of t-fg%_?&hﬁfr LYBShaI0! ¥Eert-pehtiEl wdeorbpr Gpydthyl Rprhutansl dneepaatipy |
et her, di butyJ1 et her, di hexyl ether, anisole, phenethole, dioxane,

t et r ahydr of urgpehdf etiahexgtidiy! & N talkyy D petticamd 1y K -re¢ thyl. - 2-penhighalne 2 g ihydt
di ethyl ether, diethylene glycol dinmethyl ether and 18 July 2006 - 18 -

di et hyl ene gl eatasbEt Nyheptdiel, Fhepphesl,os-hepdagahi cysdohesgneli el ude
water, liquid ammonia, and liquid carbon dioxide. Armng t hese solvents, an

al cohol - basege$akVeRilodnsxaicl, e cabdthylEyslichesandle § C@mlssérves a
phosphoric acid-type conpound or salt thereof. Further ore, in the case of

t reat i ngs undeiethgleptlohpranslyr @, Drpropaukiolpr bk prepanaddchoil 2agHiRSeALobf
the organic solvent 1is preferably 170C or higher. In the treatnent liquid
for use in tHe3pbesamdiohy chid-butanediob. phdsPierediobi d- PiRFATED d or
salt thereof is preferably controlled to any caqncent Ee%hi n of _0.001 to 80%
by wei ght r elgityicerin o dibsoprlsagi glyced) eitylenph HYPRE 8@?&%&%}’ is |ess

than 0.001% by wei ght, the deconposition rate of the cured lesin s to
decr ease, whinonomgHayl ether c GtBEHIC SL¥TP E'Oﬂ‘?ed'%g} ¢ '86@35(&33‘\7\59%%?? t he

reparation of the 15 treatnent |iquid tends t.0 ' j C
E ong ent r at i oNGHPPEARYL ether, ethyien ggym%‘ Rondtedt i), Chldeny Il giycol.

10 diethylene glycol monamethyl ether, diethylene glycol monoethyl ether,
diethylene glycol moncpropyl ether, diethylene glycol monobutyl ether,
triethylene glycol, triethylene glycol monomethyl ether, triethylene
glycol monoethyl ether, tetraethylene giycol, further, polyethylene
glycols such as polyethylene glycol #200, polyethylene glycol #300,

15 and polyethylene glycol #400 (all of them are trade names,
manufactured by Kanto Kagaku K.K.). In the case of vusing a
polyethylene glycol, it is preferable that the average molecular
weight of the polyethylene glycol is 500 or less in view of the
solubility.

20 Examples of the ketone-type solvents include acetone, methyl
ethyl ketone, 2-pentanone, 3-pentanone, 2-hexanone, metlﬁrl isobutyl
ketone, 2-heptanone, 4-heptancne, diisobutyl ketone, cyclohexanone,
methylcyclohexanone, phorone and isophorone.

Examples of the ether-type solvents include dipropyl ether,

25 diisopropyl ether, dibutyl ether, dihexyl ether, anisole, phenethole,
dioxane, tetrahydrofuran, acetal, ethylene glycol dimethyl ether,

ethylene glycol diethyl ether, diethylene glycol dimethyl ether and



phosphoric acid-type conpound or salt thereof is particularly preferably
from0.1 to 20% by wei ght. Mreover, all the anmount of the F)M)lg?%ﬁ(%c

aci d-type Conpound or .salt thereof is not necessarily dissolved'in the
solvent. Even when the liquid is a saturated 20 solution in which all the
phosphoric acid-type conpound or salt thereof is not entirely dissolved,
the solute is in an equilibrium state and8t ferefore, the phosphori c

aci d-type conpound or salt thereof can be effectively conpensated in the
case that itgi aké igagtel . dithayl retdierent | iquid nmay be incorporated with
a surfactant. 25 The treatnent |liquid nmay be prepared at any tenperature,
but in the case of memphss bf itompniorswdientedogiede waber odgarid FFEOMS.
preferably not | ower than the freezing point of the solvent to be used 18
July 2006 - &% 1agdifatarboghtioxtiien t he boiling point thereof fromthe

vi ewpoi nt of the efficiency of operation and the operabi Iit%,of tell}e 1
liquid. The |iquid meynpethesepselognts, &7 alerheinbrgedpodysnipls FEFSyas
such as nitrogen, argon or carbon_dioxide, and nay be prepared underd r
normal 5 pressnmee theeshivent pasidyr élsselves &, Bb s TEW% ORI 8hs

for treating the cured resin with the treatnment_liquid is _not i cularly
limited as fsaltagheneof.r eBeREaImOre qdindthe Ga5e-0% Ita%ajangq 3{“2&: I‘B'%e arabl y,
in order to control the treating rate, the treatnment ldquid i 1@dntany
t enper at ur e WEESSNIEQOF Fegpeed SEyn th) %il??é‘npocffmgﬂ%?o {gﬁe s%ﬁvent
and not higher than the bojlin I nt thereof. Mreover, for preventing
the deteriotatrsferabihd 7§ FaPrt the recovered materials by thermal

deconposition of the % ' nt or gchtez-ﬁ reft(#%é ?_gng;gpggs&ﬁeiﬁ{,éﬂtqbn, 4 he
u

treatnment is carried era preferably 250C or 15 | ower,

more preferably 200C of | 06te HiBoll@ B BNt thefRE" L6 roserdtydéRuioyldae

unsat urat ed

to any concentration of 0.001 to 80% by weight relative to the organic
solvent. When the concentration is less than 0.001% by weight, the
decamposition rate of the cured resin tends to decrease, while, when
the concentration is higher than 80% by weight, the preparation of the

5 treatment liquid tends to be difficult. The concentration of the
phosphoric acid-type compound or salt thereof is particularly
preferably from 0.1 to 20% by weight. Moreover, all the amount of the
phosphoric acid-type compound or salt thereof is not necessarily
dissolved in the solvent. Even when the liquid is a saturated

20 solution in which all the phosphoric acid-type compound or salt
thereof is not entirely dissolved, the solute is in an eguilibrium
state and therefore, the phosphoric acid-type compound or salt thereof
can be effectively compensated in the case that it is deactivated.

The treatment liguid may be incorporated with a surfactant.

25 The treatment liquid may be prepared at any temperature, but

in the case of preparing it at normal pressure, the temperature is

preferably not lower than the freezing point of the solvent to be used



pol yester into the treatnment |iquid. For accelerating the treating rate,

vi bration may be applied by ultrasonication. Alternatively, tlggul Hhgat ment
liquid may be sprayed with a spray or the |ike or under high Bressure to
t he polyester without dipping it in the liquid. The treatnent |iquid may be
used or stored in an atnosphere of air or an inert gas such as nitrogen,
argon or carbon dioxide, and may be used ¥t stored under normal pressure,
reduced pressure, or elevated pressure. Onng to the excellence in safety
and si npl eneswd2Bo®higRer athadnthé ol simy ebimtalihertef wrematie: yiewpointieof
treatnment liquid at normal pressure. In the present invention, the

treat ment of thdeepmeashsy o oféssdbui agl tthe aperatilityavfirtdteedigoldiesThe
resin can be 18 July 2006 - 20 carried out in an air at atnospheric
pressure. Nanmgbyid amyapegurapased fior ancdtimespneyrea of paigi brcary d5ekk 995 pFshedgind
a specific pressure is not necessarily required. The resin conponent

resul ting fr oittbgerdeavgposirt carbonr didxidies sadimagnbe Preparash sader Acswl

pol yester according to the present invention can be separated by a common
met hod d&nd camrebsuressugsedicaopressugp| € elpeatass PResB¥Bonent obt ai ned by
separation of the solvent b distillation after separating j&‘gt{_—{]i ties by
precipitation or the Th&@onéibﬁoﬁé Fau deeatEang, the gured Zpsia B L e \br eover
in the case of 10 separating or recovering a solid filler su s_a, netal
or gl ass, thdreptmend; ligaichds el 1y apdted s §at &% 5% orfeds e

| i ke after deconposing or  disgolving the_resin conmponent, with e
treatment | 4G4 i3 HERA SRR f?pfﬁfﬁ’f%lf"heﬂbro t¥9 ﬁ%‘én ﬁoanth

R R 4 e e A

10 is not lower than the freezing point of the solvent and not higher

than the boiling point thereof. Moreover, for preventing the

deterioration in the quality of the recovered materials by thermal

decomposition of the resin or decrease 6f the strength of the filler,

the treatment is carried out at a temperature of preferably 250°C or
15 lower, more preferably 200°C or lower.

The treatment is carried out by dipping the unsaturated
polyester into the treatment liquid. For accelerating the treating
rate, vibration may be applied by ultrasonication. Alternatively, the
treatment liquid may be sprayed with a spray or the like or undexr high

20 pressure to the polyester without dipping it in the liquid.

The treatment liquid may be used or stored in an atmosphere
of air or an inert gas such as nitrogen, argon or carbon dioxide, and
may be used or stored under normal pressure, reduced pressure, or
elevated pressure. Owing to the excellence in safety and simpleness

25 of operation, it is preferable to use and store the treatment liquid
at normal pressure. In the present invention, the treatment of

decamposing or dissolving the cured unsaturated polyester resin can be



Into a 2-liter four-necked flask fitted wth a thernoneter, a stirrer, and
a rectification tube were placed 578 g of propylene 20 gl yc&;#rgl 1332609 of

di et hyl ene glycol, 444 g of phthalic anhydride, and 686 g of éic

anhydri de. The whole was heated to 210C over a period of 4 hours in a
stream of nitrogen gas, allowed to react at that tenperature for 5 hours,
and cool ed to 160C when the acid value Te&fched 8. Then, 784 g of malefic
anhydri de was added thereto and the 25 whole was heated to 215C over a

peri od of 4 pguFfea TOE ifrea6t &DN atasteepheniegrassuteat Nawedyn adl @PPEHRTUS
hours to obtain an unsaturated polyester resin having an acid val ue of 29.
18 July 2006 for 2chibvify Anspasitiar gae citpospresecand @s FPe@idipaeassBre igsnot
obtained by dissolving 60 parts by weight of the resulting unsaturated

pol yester rast@sdditioydfequaréd. by wei ght of styrene nononer in which 0.02
part by weight of hydroqui none was di ssolved. Furthernore, the unsaturated
pol yester resin conpditet resimasmpenensdresulirdng  Frgmathel AeCORASF1AR A%, and
the cured product was cut into pieces of 10 mmx 30 _mm x 3 whi ch were
used as St est dpsecleioh of hbecunsedupaind pphyesiesorSrRoTiing rté’sitﬁ;nlirlgrgﬁlb ration
of Treatnent liquid] As shown in Tables 1 and Z,Y@Ch f vah‘iaous os%gric
aci d- type conpentidn, camibessepryedst bha Somn g aNd FRcRESBTERt wWer e

reatment | | GuRELY.TEBARREAR SRECDFEk REErPPLL Y1 oRREaFHERCT PR AT VTE e
e e I L S Al TER LA S L8oEd 8:pBRIEH &0 thirske
can be reused as a resin raw material. Moreover, in the case of
10 separating or recovering a solid filler such as a metal or glass, the
filler can be recovered by filtration, decantation, or the like after
decomposing or dissolving the resin corponent with the treatment
liquid.
The following will explain the present invention with

i5 reference to Examples.
| Experimental Examples 1 to 23 and Reference Examples 1 to 6

[Preparation of Cured Unsaturated Polyester]
Into a 2-liter four-necked flask fitted with a thermometer,

a stirrer, and a rectification tube were placed 578 g of propylene
A20 glycol, 318 g of diethylene glycol, 444 g of phthalic anhydride, and

686 g of maleic anhydride. The whole was heated to 210°C over a

period of 4 hours in a stream of nitrogen gas, allowed to react at

that temperature for 5 hours, and cooled to 160°C when the acid value

reached 8. Then, 784 g of maleic anhydride was added thereto and the
25 whole was heated to 215°C over a period of 4 hours.

The reaction was continued at that temperature for 6 hours

to obtain an unsaturated polyester resin having an acid value of 29.



bath. After the neasurenent of weight of the above test pieces, the test
pi eces were dipped into the treatnment liquid and, after 4 h0ﬁ§§1 Zg)ggy wer e
taken out and the wei ght was again neasured. The wei ght 20 c 81%’ ore
and after the treatnment was divided by total weight of the test pieces to
calcutate the solubility of the cured resin. Tables 1 and 2 show the result
of Exanples 1 to 23 and Reference Exanple®ll to 6. 25Table 1 Derp]e

2xqgl xIric. Sol"aitct natxaticn'lewamihe Salitsility Onsiw Arad

Sal t (nol./10009- - ti esraehsatuBitel( flyestd) rd3fifk cnpbeitlicRAkad®b38iNEI bIno
Eerple 2 QA1l. 001904.01.8no 18 July 2006 22 - Eatple 3R A0.33 1904.0 13.3 no

EnTpl e 4S A0 gldsdBAhg066 GpdttrObEWEALRL T e 3RshUOhg uBtaBiIratedPRYesES
AO.50 1904.0 29.9 no 5E e pie 7S AO.67 1904.0 19.1 no Ernpie 8S AQ. 83

1904. 0 13. 7 nesbxatrloe48 SaAts0by 1@Adh of2sEymenebnenpies 0 $hich 9303 gegtoby
16.7 no EnmTple 11S BO.33 1804.0 5.0 no 10Esetpie 12S B0. 33 1904.0 18.8 no
Exat pi e 13S RRigit 2f0hyarahifone wast gissold&i B0. 33 2104.0 49.1 no Eetple 15S
C0. 33 1904.0 12.2 no Eetpie 16S C0.33 2004.0 24.8 no .

5 Furthermore, the unsaturated polyester resin composition was
cured by heating at 170°C for 1 hour, and the cured product was cut
into pieces of 10 mm x 30 mm x 3 mm, which were used as test pieces of
thé cured unsaturated polyester resin.

[Preparation of Treatment licuid]

10 As shown in Tables 1 and 2, each of various phosphoric acid-
type compounds, salts thereof, or substitutes and each solvent were
weighed into a test tube and the whole was gently stirred to obtain a
treatment licquid. |
[Treatment of Cured Resin with Treatment liguid]

15 The test tube in which the treatment liquid was placed was
heated to the temperature range of 180 to 220°C by means of an oil
bath. After the measurement of weight of the above test pieces, the
test pieces were dipped into the tréatnent liquid and, after 4 hours,
they were taken out and the weight was again measured. The weight

26 change before and after the treatment was divided by total weight of
the test pieces to calculate the solubility of the cured resin.

Tables 1 and 2 show the result of Examples 1 to 23 and

Reference Examples 1 to 6.

25 Table 1
Bample Poghoric Solvent Cmeentration  Terperabare Time Soldility Comresive

2Acid Salt {mol,/1000g- -1ess
thereot salvernt) (T) (h) (%)
30
A 1.00 190 4.0 1.1 no
Mrpleﬂarple % g A 1.00 190 4.0 1.8 o




15Eet pie 17S C0.33 2104.0 35.1 in Esetple 18S C0.33 2204.0 19.5 no Fketple

19S DO. 33 1904.0 14.1 no Eetpie 20S EO.33 2004.0 16.8 to Exa
2004.0 12.9 it 20E eiple 22S (0. 33 2004.0 10.5 no EKiftple 2
-ty Oxrcs 25i;

12.1 no i li
er -

35Ref eLat oep@xangde (Bn ExaRpl e 3h

Tabl e 2i

Tine Sab t Saltl

potass A 1. o@gﬁﬁo
5
Bample 6

5
10
15

20

25
30
35
40

45

50

1Ry %0

FO. 33
2004.0

oeHngtc is acidSbbu t oxcntratim Tv

ress - ar SLtsUtubesohlent (h) (%9 (0OC) 30ReEe> erg Sl

0.33 1004.0 0.0 it E eipie 1 Refetane nne 4.0 1904.0 0.0 it Etetpie 2

ydrt x@id@A 1. 00 11904.041Q. 8 Y%%-fiRefemnce
0.17 150 4.0 .0 o

S A
0.0gno 4 0.33 190 4.0 316 o
S A 0.50 190 23 %g% no
Examle 7 S A 0.67 190 . . no
Eamile 8 5 A 0.83 190 4.0 13.7 no
Examle 9 S A 1.00 190 4.0 12.8 no
Ezrmle 10 S A 0.33 180 . 4.0 16.7 no
Bample 11 s B 0.33 180 4.0 5.0 m
Examle 12 S B .33 190 4.0 18.8 n
Examle 13 S B 0.33 200 4.0 20.8 no
EBample 14 s B 0.33 210 4.0 49.1 no
Eanple 15 5 C 0.33 190 4.0 12.2 no
Example 16 S C 0.33 200 4.0 24.8 mw
Example 17 s C 0.33 210 4.0 35.1 o
Ezmple 18 s C 0.33 220 4.0 19.5 w
EBample 19 S D 0.33 190 4.0 14.1 no
Example 20 S E 0.33 200 4.0 16.8 o
Bamle 21 s F 0.33 200 4.0 12.9 no
Eample 22 S G 0.33 200 4.0 10.5 mw
Example 23 s H 0.33 200 4.0 12.1 no
Table 2
Salt thereof {mol /1000~ ature TESS
ar Sibstitute salvent) (C) hy (%)
Refererce
Exapilel S I 0.33 100 4.0 0.0 mw
Referenoe }
Eample 2 nDae A 1.00 190 4.0 0.0 mw
Reference  potassium
EBamle 3 hyhodde A 1.00 190 4.0 14.8 yes
Reference  potassium
Bxamle 4 chloride A 1.00 190 4.0 0.0 no
Reference  sodium
Bamle 5 acetate A 1.00 190 4.0 0.2 no
Reference  lithium
Exarple 6 methoride A 1.00 190 4.0 38.0 yes

and salts thereof and the symbols of solvents mean as follows.

I S O <

In the tables, the symbols of phosphoric acid-type compounds

: phosphoric acid

: phosphonic acid
tripotassium phosphate

: benzyl alcchol

tripotassium phosphate hydrate

: diethylene glycol monomethyl ether



Eetpi e 4dhl de 40 Reference stx3inn A 1.00 1904.0 0.2 to Eaetple 5acetate
45Reference lithiimA 1.00 1904.0 38.0 yes Eaetpie 6neUxnci de bﬂy5266
tabl es, the synbol s of phosphoric acid-type conpounds and sa? st her eof
and the synbols of solvents nmean as follows. P: phosphoric acid 50 Q
phosphonic acid R tripotassi um phosphate S: tripotassi um phosphate hydrate
A. diethylene glycol nonanethyl ether B:Zﬁeﬁzyl al cohol 18 July 2006 - 23
C. ethylene glycol D: diethylene glycol nonoethyl ether E: diethylene
glycol F: trietdetlyesgetiiyeel 5 G tetraethylene glycol H polyethylene
gl ycol #200 (trade name, manufactured by Kanto Kagaku K K. ) |: water 10 As
shown i n Exappl@iethylend glytsl tbsoetiyd etharsi ng organi c sol vent sol utions
of phosphoric acids-type conpounds or salts thereof

E: diethylene glycol

F: triethylene glycol

5 G: tetraethylene glycol
H: polyethylene glycol #200 (trade name, manufactured by Kanto Kagaku
K.K.)

I: water

10 As shown in Examples 1 to 23, in the case of using organic

solvent solutions of phosphoric acids-type compounds or salts thereof
as treatment liquids, all the solutions dissolve cured unsaturated
polyester resins though some differencé was observed owing to the kind
of solvents. In particular, the solubility is high in Examples 5, 6,
15 14, and 17.
Moreover, tripotassium phosphate mainly used in the examples
is also utilized as a food additive, and thus, it is not necessary to
worry about special adverse effects on the human body .
In Reference Example 1 wherein water and a salt of a
20 phosphoric acid-type compound were used, the solubility is found to be
0%. 1In Reference Example 2 wherein the resin was treated with a
solvent alone, the solubility was also 0%.
In Reference Example 4 wherein an alkali metal salt,
potassium chloride or sodium acetate was used, the solubility is 1% or
25 less.
Moreover, Reference Examples 3 and 6 wherein corrosive

alkalis, i.e., potassium hydroxide and lithium methoxide were used,



as treatnent liquids, all the solutions dissolve cured unsaturated
pol yester resins though sane difference was observed ow ng tgggggzbégd of
solvents. In particular, the solubility is high in Exanples 5, "b; 14
and 17. Moreover, tripotassium phosphate mainly used in the exanples is
also utilized as a food additive, and thus, it is not necessary to worry
about special adverse effects on the humaf4body. In Reference Exanple 1
wherein water and a salt of a 20 phosphoric acid-type conpound were used,
the sol ubi | it8e isalheilidytwerke fo@lh tbrbdRefighente Fxbhmsl bethgMidr 8% mntihads «0&si n
was treated with a solvent alone, the solubility was also 0% In Reference
Exanpl e 4 whesspentivelat. kaHowaveral theskt alkalds ags eoroddiovei ded dhugodi um
acetate was used, the solubility is 1% or 25 |less. Mreover, Reference
Exanpl es 3 araharkabby diammfuk rtosthee hmbkdlady, i.e., potassi um hydroxi de and
l'ithium nmet hoxi de were used, 18 July 2006 - 24 the solubility were found
to be high, the values being 14.8% and 38.0% respectively. However, these
al kalis are corrosive and thus renmarkably harnful to the human body. 5
Exanpl €5 24 Texampdeaddbve unsat urated pol yester resin conposition was

further added cal ci um carbonate, and the whale was thoroughly m xed. Then,
the mixture was appl Tedthsh@boyg %aF%deiﬁége%ﬁﬁéﬂntﬁFg’pﬂ LEi9ngwat 170cC

for 1 hour to prepare a conposite nateri al i ch s 10 constituted by 40%
by wei ght off%%ﬁ%%ﬁ%WamF?e@@%%ﬁe WEG&BVWF‘S%WPX

cal cium carbonate, and 20% by wei ght _.of gl ass _fiJber. his nmateri.al was
shaped into Ty phe ddEtyre f‘é"’nﬂ?‘%‘lﬁe ?ﬂ’ﬁ%xgga‘?ﬁnfg&ﬁ r?é’gtwspé:tuggéi m

phosphat e hyl(ajera%t:i.ggaast 378% %l)]\.(sf h%ﬂg to prepare a composite material which was

io constituted by 40% by weight of the cured unsaturated polyester resin,
40% by weight of calcium carbonate, and 20% by weight of glass fiber.
This material was shaped into test pieces of 10 mm x 30 mm X 3 mm.

Using tripotassium phosphate hydrate as a catalyst and

diethylene glycol monomethyl ether as a solvent, these compounds were

15 weighed into a test tube so that the catalyst concentration became
0.33 mol/1000g-solvent, and the whole was gently stirred to cbtain a
treatment liquid.

The test tube in which the treatment liquid was placed was
heated at about 190°C using an oil bath, and the test pieces were

20 dipped into the treating solution. After 18 hours, the test pieces
were taken out,

The recovery of the glass fiber was calculated from the
amount of the glass fiber recovered from the test pieces taken out.
Moreover, the treatment liquid was mixed with an equal amount of

25 distilled water and precipitate was collected by filtration from the
solution. The precipitate was washed with distilled water to recover

calcium carbonate, and recovery of the calcium carbonate was



di - et hyl ene gl ycol nononethyl ether as a solvent, these canpounds were 15
wei ghed into a test tube so that the catal yst concentration ?§9$@%08633

nol / 1000g- sol vent, and the whole was gently stirred to obtain a “treatnent
liquid. The test tube in which the treatnment liquid was placed was heated
at about 190C using an oil bath, and the tgst. pi eces were 20 dipped into
the treating solution. After 18 hours, thétest pieces were taken out. The
recovery of the glass fiber was calculated fromthe anount of the glass
fiber recovecatdlatedt he test pieces taken out. Mreover, the treatnent
liquid was m xed with an equal anmount of 25 distilled water d ..
precipitate was col | digped bylvenitt vag irélﬁo‘fqdoWt@étlﬁﬁﬁq“oﬁFdﬁ'ﬁgepfrl&gﬁﬁ’at e

was washed with distilled water to recover cal cjium carbonat covery
of the cal ci amictivehoraeinings reSin GYPICHE Waszs’as%%‘{n 8’&%‘%&%&1@@’9‘:%131 vent

was renoved by distillation fromthe filtrate, and the r i i s
conponent wa¥itasresdrdi t ties soIutidite Ofr the FesHn r:@ggﬁ ! (f%g%f)ﬁjé{%g% ﬁ%ﬂfjl%llt y
of the resin in the conposite materi al 5 the i ght idh
bef ore ©r eat febatweilshitcaf cihieafated FEeLP &ﬁfmﬁg‘%@.’%&f ‘F’%:tc‘fagn. i %gdov%i%ght
change of the cured resin was determned fro e el ght g/g2et ween t he
wei ght of théheuresin FERFHPef o W%qi@{ﬁ?n@négtﬁ%erem%gv%iﬁght after

treatment. As a result. the. sol ubilify Siik LRi ceopOTutes 10
material was 9989FNGS FEODJER VST ass%%i er \;\Egs 96% léaﬁr}g the recovery of

cal cium carbonat e 85% %g I 2&%)’rg§ﬂlll¢;eii t4reat-merdatiasc .carri ed out
: ea | d / !

under the sart&® cﬁl\f%%ﬁao a8 r;r{n)ag'xarrp e 24 wt% the exception that the

AL As a result, the solubility of the resin in the composite

10 material was 98%, the recovery of glass fiber was 96%, and the

recovery of calcium carbonate was 85%.

Example 25
Dissolution treatment was cai:ried out under the same

conditions as in Example 24 with the exception that the solvent in

15 Example 24 was replaced by benzyl alcohol which was an alcohol-based

solvent.

As a result, the solubility of the resin in the composite
material was 95%, the recovery of glass fiber was 90%, and recovery Of
calcium carbonate was 78%.

20 Example 26
Dissolution treatment was carried out under the same

conditions as in Example 24 with the exception that the treating

temperature in Example 24 was changed to 210°C.
As a result, the solubility of the resin in the camposite

25 material was 99%, the recovery of glass fiber was 98%, and the

recovery of calcium carbonate was 93%.



15 Exanpl e 24 was replaced by benzyl al cohol which was an al cohol - based
solvent. As a result, the solubility of the resin in the compesiit®oos
material was 95% the recovery of glass fiber was 90% and recovery of

cal cium carbonate was 78% 20 Exanple 26 Di ssolution treatnent was carried
out under the same conditions as in Exanple 24 with the exception that the
treating tenperature in Exanple 24 was™c énged to 210C. As a result, the
solubility of the resin in the conposite 25 material was 99% the recovery
of glass fibetaniae 98% and the recovery of cal cium carbonate was 93% 18
July 2006 - 26 Exanple 27 Dissolution treatnment was carried out under the
sane conditions as inisExhAnyibe Rreatineht twes excdedi @K URGRT thhe FF®xting tinme
in Exanpl e 24 was changed to 14 hours. 5 As a result, the solubility of the
resin in thecoolitdshs eas rat Bxdnpllewdd wighy, thenexeertdonrihads the J2Lafipd Hifas
97% and the recovery of cal cium carbonate was 92% Reference Exanple 7

Di ssol uti on inExtamphe hyasaghansgd ot 1dnddiSthe sane 10 conditions as in

Example 24 with the exception that the catalyst in Exanple.24 was n
used. AS a result, tHs sorgsasis eﬂ?ﬁaﬁéilﬂté‘ﬂlw&%&{’ecﬁeﬁﬂlng‘é% Fﬁg’osno‘é

treatnment liquid, and the solubility of the resin in th onposi
mat eri al wasmatgriefevwae Ad¥er theofregPasy Pf-t@@sﬁaél @%%7%h%%%§ery 15
of cal ci um carbonate was 0% Refereq:ce Exaé'g%l e 8

recovery of calcium carbonate was .

Reference Example 7

Dissolution treatment was carried out under the same
10 conditions as in Example 24 with the exception that the catalyst in
Example 24 was not used.

As a result, the composite material did not dissolve in the
treatment liquid, and the solubility of the resin in the composite
material was 0%, the recovery of glass fiber was 0%, and the recovery

15 of calcium carbonate was 0%.

Reference Example 8

Dissolution treatment was carried out under the same
conditions as in Example 24 with the exception that the catalyst in

Example 24 was changed to potassium hydroxide which is an alkali metal

20 compound .
As a result, the solubility of the resin in the composite

material was 90%, the recovery of glass fiber was 54%, and the

recovery of calcium carbonate was 55%.
25 Examples 24 to 27 are compared with Reference Examples 7 and

In ther case of treating with an organic solvent alone shown



Di ssolution treatnment was carried out under the same conditions as in
Exanpl e 24 with the exception that the catalyst in Exanple 24 M\ﬁ,szogganged
to potassi um hydroxide which is an alkali metal 20 conpound. g‘s aresult,
the solubility of the resin in the conposite material was 90% the
recovery of glass fiber was 54% and the _recovery of cal cium carbonate was
55% 25 Exanples 24 to 27 are conpared W €A Reference Exanples 7 and 8. In
the case of treating with an organic sol vent al one shown 18 July 2006 - 27
i n Ref er enceiffxmferende Exemplies §0lna iddasolutting @b ribestamposhte Medprifls was
observed. Moreover, as shown in Reference Exanple 8, in the case of

treati ng w tbobservallkal i netal conpound, potassium hydroxide and an 5

organi c solvent, a high solubility was observed. However, because these
sol utions were corr odoveovarheag cthew ok Rederasicet Feagilgse. finpthe qgseupk ed,
and thus, the recovery thereof was low. On the other hand, in the case of
usi ng or gani trepiingneiths ghuaiksasd rertadhedmeyric RRtPSES %E‘Y@E)‘??ﬁt'?ﬁn@%‘f&“ salts
thereof as 10 treatnent |iquids shown in Exanples 24 to 27, the _cured

unsat ur &t ed opgiesERIvants| d HehFEIBLIAEY WS reheavedy y HPHEEanBPess, al|
(i S50l ved anthedto soLGEispal Y5t CTRSSTRY DU SHSHAGSF e U6 P brLEar T

" e exanpPes iets FELAPTHP ARRE? JPALE VST TG cal o) um car bonat e
thus recovered can %ﬁzéﬁng’?g%ﬁc yehy ByLt MBE &151hB CorpnUCESTh£SI N

conponent nay be util a8 'a’ part of resin conposition or
solutions of phosphoric acid-type compounds or salts thereof as

10 treatment liquids shown in Examples 24 to 27, the cured unsaturated

polyester resin is dissolved.

Particularly in Example 26, all the amount of the cured
polyester resin in the composite mtefial is dissolved and the
recovery of glass fiber and the recovery of calcium carbonate are high.

i5 Moreover, tripotassium phosphate hydrate mainly used in the exar@les
is a food additive. 'The glass fiber and calcium carbonate thus
recovered can be reused as such. Furthermore, the recovered resin
component may be utilized as such as a part of resin canposition or
may be reused after separation into each component by distillation or

20 the like.
Tt should be understood that the foregoing relates to only a

preferred embodiment of the invention, and it is intended to cover all
changes and modifications of the examples of the invention herein
chosen for the purpose of the disclosure, which do not constitute

25 departures form the sprit and scope of the invention.



may be reused after separation into each conmponent by distillation or 20
the like. It should be understood that the foregoing relates &§G,RHoe2
preferred enbodi nent of the invention, and it is intended to covér al
changes and nodifications of the exanples of the invention herein chosen
for the purpose of the disclosure, which do not constitute 25 departures
formthe sprit and scope of the inventi &8 -18 July 2006 - 28 WHAT IS
CLAIMED I S: 1. A deconposition treatnent liquid for a cured unsaturated

pol yest er i, oMpriSi;Ag a salt of phosphoric acid-type conpound and an
organic soﬁ@éﬁ@js§ﬁégﬁ4%§Igeconposition treatnment liquid for a cured

unsat urated polyester resin according to claiml1, wherein the salt of
phosphoric acid-type conpound has an alkali nmetal ion. 10 3. The .
deconposi tion tr éatvedecompegition frsatment iguid on fatiredrasptygicdonalyister Jgsip,
accordi ng . Wss L o rei . osphoric

aci d-type %gm O%Hg%?ﬁéfﬁl&fgg@%@%t cdm E)ﬁggdp:ﬁ%({%l érg%ﬁl‘f‘gélvglgbormosi tion
treatmens liquid for a cured unsaturated polyester resin 15 according to

any one of cl ai 1 to 3, wherein the salt of phosphoric acjd- e conpound
i ncl udes a pot asdi Bhe PREURPRSUO T eataeR hwdf%a&@&f&nwgtusﬁt%p#% Tt

liquid for a@co‘f&i\%\lﬁ% ‘émﬁtﬁr@ﬁe‘?&nlﬁlﬁé XQ{SF\P;EI#%%%ECP? 3@8&%9&6@%&&d%¥ RN

claims 1 to 4, ereln the organic so es” an al cohol - based
sol vent. 6meldlecrdeconposition treatnment liquid for a cured unsaturated

pol yester resin according to any one of clains 1 to 5, wherein the organic
sol vent has a boiling point of 170C or higher. 25 7. The deconposition

treatment |iqui d3f orh@d&ehfdsiton atcdfndng digRRl B8t &ired 88dafurated polyester resin
according to any one of claims 1 to 2, wherein the salt of phosphoric acid-type compound

includes a potassium phosphate.

4. The decomposition treatment liquid for a cured unsaturated polyester resin
15 according to any one of claims 1 to 3, wherein the salt of phosphoric acid-type compound

Includes a potassium phosphate hydrate.

5. The decomposition treatment liquid for a cured unsaturated polyester resin
according to any one of claims 1 to 4, wherein the organic solvent includes an

20 alcohol-based solvent.

6. The decomposition treatment liquid for a cured unsaturated polyester resin
according to any one of claims 1 to 5, wherein the organic solvent has a boiling point of
170°C or higher.

25

7. The decomposition treatment liquid for a cured unsaturated polyester resin

according to any one of claims 1 to 6, wherein the organic solvent includes an

alcohol-based solvent having a boiling point of 170°C or higher.

30 8. The decomposition treatment liquid for a cured unsaturated polyester resin

according to claim 1, wherein the salt of phosphoric acid-type compound is a salt of



according to any one of clainms 1 to 6, wherein the organic solvent includes
an al cohol -based sol vent having a boiling point of 170C or '?%395'1 hoog0 8-
The deconposition treatnent liquid for a cured unsaturated polyester resin
according to claim1, wherein the salt of phosphoric acid-type compound is
a salt of 18 July 2006 - 29 inorganic phosphoric acid-type conmpound. 9. A
nmet hod for treating a cured unsaturated?2fol-yester resin, conprising a step
of deconposi ng or dissolving a cured unsaturated pol yester resin using the
treat ment Mokganid phospingrid ®Ridigype cpmpsminbri ¢ aci d-type conpound or salt

t hereof and an organic solvent. 10. The nethod for treating a cured

unsat urated polyester resin according to claim9, wherein the resinis
treated with a tyeat fRiMod fofitbal; aglﬁgé:uf?§atﬂr96é@?oly%@teﬂ-ﬂesin-,rb@mﬁﬁﬁﬁggs R
treating a cured unsaturated polyester resin according to claim9 or 10,
wher ei n t hef demimpdssigt oredisedviug decured mpspimmtddcpgyess uesn usihg entesatmentf or
separatipg,.a .gonposite terial cqontaining a ,filler an cured.

inoat ur ot SHIHORYBERERE ABpsPoRRan Brs sy g5 EbrEPEtan Sremicpliot ed
into the filler and 15 a cured resin powder or a solution of deconposed
product of the cured resin by treating a cured unsaturated polyester resin
with a treatment 19.i Jlicanetbed decoesing & perad omsaticatagdl palyester resinaceordmgnient

or gani ¢ sof Gng: WagelIRE KA sTesA e s Fer RER e BapiCior R er ol
containing a filler and a cured unsaturated polyester resin, wherein the

conposite material is separated into the filler and a cured resin powder
or a sol@tion of ldedbaposhed peroentingof curd uosaterdtadepilyesty resieactorging tocur ed

unsat urated pol.yester,resin with a treatnent |igqui.d for deconposition or
i seol ut 1 o PP E TbrinfRibe Mot It AbPH Ao hhf pedibhosphor | ¢

aci d-type conpound and an organic 25 solvent. 14. The nmethod for
separating a corTFosi te material, according to claim13, wherein the salt
of phosphoric acld- #ypethed Aoeptratingd cRIBROSHA Mmateial containig 3 Biter and agyredrhe
met hod for ' ROSi.L.e: Lal ik i rein
the sal t  of EReati piieRefRRRoht@IRL Eh s REFAGH Machraadh B oot o

15 a cured resin powder or a solution of decomposed product of the cured resin by treating a

cured unsaturated polyester resin with a treatment liquid for decomposition or dissolution,
the treatment liquid containing a phosphoric acid-type compound or salt thereof and an

organic solvent,

20 13. A method for separating a composite material containing a filler and a cured
unsaturated polyester resin, wherein the composite material is separated into the filler and
a cured resin powder or a solution of decomposed product of the cured resin by treating a
cured unsaturated polyester resin with a treatment liquid for decomposition or dissolution,
the treatment liquid containing a salt of phosphoric acid-type compound and an organic

25 solvent.

14. The method for separating a composite material, according to claim 13,

wherein the salt of phosphoric acid-type compound includes an alkali metal ion.

30 15. The method for separating a composite material according to claim 13,

wherein the salt of phosphoric acid-type compound includes a potassium phosphate.



18 July 2006 - 30 16. The nethod for separating a conposite materi al
according to claim 13, wherein the salt of phosphoric acid- qggﬁ Ggppound
i ncl udes a potassi um phosphate hydrate. 5 17. The nethod for garatlng a
conposite material according to any one of clainms 12 to 16, mhereln t he
organi ¢ sol vent includes an al cohol -based sol vent. 18. The nethod for
separating a conposite material accordi 3§ t-o any one of clains 12 to 16,
wherein the organic solvent has an al cohol having a boiling point of 10
170C or hi gher 16). THeembwbd ddr keparmgas @bmpgsite mrepials te@rdmg o icddim 13

according t one of | aims, 12 to 16, wher e organi c so
i ncl udes aﬁ’?l mﬂ S WS‘O%P]’SB‘FIQ R ?ﬁmﬁi’ﬁmgll? St 2 HArem f’g ateThe

met hod forv\ﬁcﬁ‘%fat' ng a conposite nmaterial according to any one of clains
12 to 19, erein the tenperature of the treatnent liquid is 250C or |ower
at the wuse of the treat ment |iquid. 20 21. The nmethod for separating a

conpositg materi to an of clains 12.to 2 ereint
treatment |iquid &hﬂ‘gé B% é'ir(foct’n]:g)rsg% glﬁt?g_al accorgfngV{’Q any one ot}e

claims 12 to 16, wherem the organic solvent includes an alcohol-based solvent.

18. The method for separating a composite material according to any one of
claims 12 to 16, wherein the organic solvent has an alcohol having a boiling point of

10 170°C or higher.

19. The method for separating a composite material according to any one of
claims 12 to16, wherein the organic solvent includes an alcohol having a boiling point of
170°C or higher.

15

20. The method for separating a composite material according to any one of

claims 12 to 19, wherein the temperature of the treatment liquid is 250°C or lower at the

use of the treatment liquid.

20 21. The method for separating a composite material according to any one of

claims 12 to 20, wherein the treatment liquid is used under atmospheric pressure.



