TITLE OF THE INVENTION
Method of Recycling Unsaturated Poiz;tter Resin Waste
and Recycling Apparatus
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a method of
recycling unsaturated polyester resin waste and a
recycling apparatus, and more particularly, it relates to
a method of recycling unsaturated polyester resin waste by
chemically treating the same and obtaining industrially
valuable raw material, and an apparatus for carrying out
the method. |
Description of the Background Art

For example, most of buttons are made of unsaturated

.polybster resin. Such buttons are manufactured by

punching out an unsaturated polyester resin sheet and
cutting out the infermediate products as obtained. In the
manufacturing steps, however, about SQ % ﬁf the raw |
material is wasted as,ﬁhippingsand shavings. The problem
of waste dispésal also arises in relation to fiber
reinforced plastic producté such as FRP ships and bathtubs
having matrices of unsaturated’ polyester resin. Thus, it
is desirable to recycle such unsaturated polyester resin

wast_e .

However, it is impossible to remelt and remold waste
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of the unsaturated pbiyester resin, which is thermosetting
resin having a three—dimensioﬁal'network structure, |
dissimilarly to that of thermoplasﬁic resin such as
polyﬁropylene, for example. Furthe:, thé unsaturated
polyester_resin caﬁnof be dissolvéd in a solvent.

To this end, there has been made study on a method of

.pulverizing fiber reinforced plastic (FRP) waste having a

matrix of unsaturated polyester resin and recycling the
same as a filler (Yoshihiro Fukuda, Kagaku to Kogyo

(Osaka), 68 (2),'60 (1994))f. However, the inventors have

.confirmed that this method encounters such a problem that

the strength of the recycled resin, which is reduced as

the amount of the waste powder is increased, entirely

depends on the amount of new unsaturated polyester resin.

There has been made another study on a method of
degrading the aforementioned FRP under a steam atmosphere
at a temperature of 5b0°C for obtaining components such as
phthalic acid (Yoshinari Kobayashi,'Kagaku.to Kogyo
(Osaka),.ﬁg (10), 452 (1?92); Kazuhide Hamada, Jun |
Hosokawa and Maséshi NiShiyama,.Kobunshi Rdnbunshﬁ, 49
(8), 655 (1992); Yoshio Kobayashi, Dai 42-Kai i{obunshi
Kaki-Daigaku Koen Yoshishu, p. 134 (1994)). Further, a
stem pyrolytic furnace for FRP has also been devised.
However, the high temperature of 500°C is necessary for

thermally degrading the FRP, and hence this method
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inevitably requires a specific equipment. Further, glass
fiber contained in the FRP is deteriorated due to the high
temperature.
SUMMARY OF THE I_NVENTION

Accordingly, an object of the.present invention is to
érovide a method of recycling unsaturated polyester resin’
waste by chemically treatiﬁg the same and obtaining
industrially valuable raw matefial with a simple |
equipmeht, i.e., a method of chemicaily recycling
unsaturated polyester resin'waste, aﬁd an apparatus for
carrying'out the method. |

In Srder to solve the aforementioned technical
problems, the inventive method of recycling unseturated
polyester resin waste comprises a step of degrading
unsaturated polyester resin waste with glycol thereby
obtalnlng glycollc raw material.

Preferably, the degradation with glycol is carried
out under a pfeseure. |

The preseﬁt invention :s applicable.to recycling of

not only waste of the afcr--~#ntioned resin employed for

manufacturing buttons, bu: :-:neral unsaturated polyester
resin waste. The unsatur: . : polyester resin to which the
present invention is app:.::--: may contain a filler of
calcium carbonate er the ..---, zr may be composed with

glass fiber or the like.
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According to the present invention, the unsaturated
polyester resin waste is preferably crushed and thereafter

'degraded with glycol, so that degradation of the waste

with glycol is further facilitated. The waste can be
crushed with a hammer or chain type impact crusher, a

shear crusher, a cutting crusher, a roll, conveyor or

screw type compression crusher, a stamp mill, a ball mill,

a rod mill or the like. The grain size of the waste

powder obtained by'such crushing is preferably minimized,
such that powder which is passed thrdugh a screen having
‘meshes of 300 Hm is advantageousiy émployed, for example.
Accérding to the present invention,.glycol which is

employed for the degradation with glycol is prepared from

ethylene glycol, propylene glyccl, diethylene glycol,
dipropylene glycol, triethylene glycol, polyethylene
glycél tripropylene glycol, polypropylene glycol,
neopentyl glycol 1,3-butanediole, 1,6- hexanedlole,
bisphenol A hydride, blsphenol A propylene oxide adduct
dibromoneopentyl glycol_or the like.

In the degradation with glycol, a catalyst is
preferably employed. This catalyst is prepared from

sodium methylate, sodium ethylate, sodium hydroxide,

- methanesulfonic acid, or metal acetate such as zinc

acetate, magneSium acetate, calcium acetate, lithium

acetate, sodium acetate, magnesium oxide, barium oxide,
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calcium oxide, for'example._ Howévéf, it is possible td
carry out the degradétion with glycol without employing
such a catalyst. | B

In the degradation with glycol, a temperature of
about 150° to 250° is preferably supp;ied.' The upper
limit of the temperature range of about 250°C is selected
in relation to the boiling point of the glycol as
employed, so that the glycol can maintain its liquid
staﬁe. Thi; upper limif ﬁemperature is preferably
selected at a degree ndt substantially oxidizing the
glycel. | |

Whern waste FRP is treated, the temperature which is
supplied.in the degradation with glycol will not
deteriorate the glass fiber contained in the FRP, and
hence the glass fiber can bé'reéycled.

The degradation with glycol is preférably carried out
under a.nitrogen atmésphere, in order to prevent oxidation
of the glycol or the'like.

Such degradation of unsaturated polyester resin waste
with glycol according to the present invéntion can be |
carried out by the following apparatus: |

The apparatus for degrading unsaturated polyester
resin waste accdrding to the present invention comprises a

reaction vessel first injection means for

injecting glycol into the reaction vessel, second
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injection means for injecting a catalyst into the reaction
vessel “third injection means for injecting unsaturated
polyester resin waste into the reaction vessel, heating
means for heating the reaction vessel, cooling means for
cooling the reaction veesel, a stirrer for stirring a
reacted solution in the reaction vessel, a cooler for
liquefying volatile conponents, including a subliming
component, generated in.the reaction vessel, a trap
provided in a path connecting the reaction vessel with the -
cooler for removing the subliming component generated in
the reaction vessel, and an outlet port provided in the
reaction'Veesel for taking out a degradation liquid
resulting'from degradation reaction in the reaction

vessel. The reaction.Vessel may be of e.g. stainless steel,

Preferably, the reaction vessel is closable.

The catalyst is prepared from sodium hydroxide, for
example.

According to the present invention, further, the
glycolic raw material obtained in the aforementioned'
manner can be effectively used as raw material for
obtaining industrially useful resin. For example, it is
possible to synthesize unsaturated polyester.resin by
reacting the glycolic raw material with dibasic acid, for
example. Further, it is also possible to synthesize

polyurethane resin by reacting the glycolic raw material
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with a diisocyanate compound.
The pre-synthesis of the unsaturated polyester resin

or the polyurethane résin from the glycolic raw material

 is preferably carried out under a nitrogen atmosphere, in

order to prevent oxidation of the glycol.

The dibasic acid employed for synthesizing the
unsaturated polyester resin includes unsaturated dibasic .
acid and saturated dibasic acid, both.of which are
employed in gene;ai. EXamplés of the unsaturated dibasic
acid dre maleic anhydride, fumaric acid and itaconic acid.

Examples of theé saturated dibasic acid are phthalic

“anhydride, isophthalic acid, terephthalic acid,

tetrahYdrophthalic anhydride, methyltetrahydrophthalic

' anhydride, endomethylenetetrahydrophthalic anhydride,

adipic acid, sebacic acid, chlorendic acid (1,4,5,6,7,7-
hexachlorobicylo [2,2,1]-5-heptene-2,3-dicarboxylic acid};,
and tetrabromophthalic anhydride. The térephthalic acid
can be prepared from that dischafged through alkali
redﬁétion of polyester fiber.

The unsaturated,polyéster resin can be synthesized by
an ordinary method of setting a reaction temperature of

140°C to 230°C, condensing the material for 2 to 6 hours

-while distilling water away under nitrogen, cooling the

reactant, thereafter introducing 30 to 40 % of styrene

therein, and adding 0.02 part of hydroquinone for serving
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as a polymerization inhibiter.

On the other hand, the diisocyanate compound which is
reacted with the glycolic raw'material for synthesizing
bolyurethane.resin ié prepared from toluene diisocyanate,
diphenylmethane dllsocyanate (MDI), naphthalene
dllsocyanate, tolidine diisocyanate, hexamethylene
d;lsocyanate, isophorone diisocyanate, p- phenylene
diisocyanate, transcyelohexane l,4-diisocyanate, xylylehe
diisocyanate (XDI), hydrogeneration XDI, hydrogeneration .
MDI, lysine diisocyanate, or £etramethyl#y1ene
diisocyanate. The pelyu:ethane resin can be synthesized
'by an ordinary method.

The ﬁnsaturated polyester resin or the polyurethane
resin recycled in the aforementioned manner can be
employed as a molding material, an adhesive or a paint.
Such resin is molded by an ordinary molding method such as
hand lay up moldlng, compression molding, cast molding,
injection molding, reaction :njection molding, transfer

molding or the like.

The aforementioned dyrfa:ation and re-synthesis of
unsaturated polyester res.: ~:ste according to the:present
invention can be carried .° :v the following apparatus:

A recycling apparatu. ° T unsaturated polyester resin
waste according to the p:e 1.7 invention cemprises.a
reaction vessel, first in}ncLion means for
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injecting glycbl'into the reaction vessel, second
injection means for injecting a catalyst into the reaction.
- vessel, third injection means for injecting'ﬁnsaturated
polyester resin waste into the reaction vessel, heating
means for heating the reaction vessel, cooling means for
cooling the reaction vessel, ; stirrer for stirring a
'reaCted_soiution in the reaction veésél; a cooler for
liquefying volatile components, including a subliming
cbmponent, generatéd in the reaction vessel, a érap- .
provided in a paﬁh connecting the reaction vessel with the
.cooler for removing the subliming compdnent generated from
the reaction vessel, an outlet port pro#ided in the
reaction'veSSel for taking out a degradation liquid
resulting from degradation reaction in the reaction
vessel, a.centrifugal separator for centrifuging the
degradation liquid taken out from the outlet port, fourth
injection means for reeinjecting the degradation liquid}
which is subjected to removal of precipitates by
éentrifugation through the centrifugal separator, into the
reaction vessel for ré—5yntheéis reaction, fifth injecticn
means for injecting maleic anhydride'into the reaction
vessel, sixth injection means fbr injecting phthalic
anhydride into the reactiqn vessel, seventh injection
~means for injecting styrene into the reaction vessel, arn:

a nitrogen inlet tube for introducing nitrogen gas into
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the reaétioﬁ vessel which is under re-synthesis reaction,_
for rerynthesizing recycled.ﬁnsaturatedfpolyester resin in
the reaction vessel whiié éarrying_ out heaﬁing by the
heating meahs'and stirring by the stirrer. The reaction
vessel may be of e.g. stainless steel.

Preferably, the reaétion:vessel is closable.

The catalyst is prepared from sodium hydroxide, for
example. |

According to the present invention, it is possible to
obtaiﬁ industrially useful glycolic raw material from the
unsaturated polyester resin waste. ‘The degradation with
glycol for obtaining such glycolic raw material can be
carried out at a reiativély low temperature through a
relatively ‘simple operation, whereby 'the unsatﬁrated-
polyester resin waste can be recycled with a relatively
simple equipment. | |

According to the present invention, the‘degradation
rate can be prompﬁed by_cafrying oﬁt the degradétion with
glycol_ﬁndér a high temperature and.a pressure. Namely,
the reaction can be made with glycol having a low boiling
_point at a temperature exceeding the boiling'point, bj
carrying out the reaction under a pressure. The price of
'the glycol is reduced as the boiling point is reduced, and
hence such reaction under a pressure is effective for
réducing the cost. Also in consideration of prevention of
oxidation,.the reaction vessel is preferably closed for
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.carrying out the reactlon under a pressure

Each of the degradatlon apparatus and the recycling
apparatus for unsaturated polyester resin waste according
to the present inventien cemprises a reaction vessel of
stainless. Thislreaction'vessel of stainless is superiof
in resistance against alkali and can be used at a higher
_temperature, as compared with that of glass. Further, ;he-.
feaction vessel of stainless has a high torque of
stirring, whereby the_retid of the unsaturated polyester
resin waste to #he glycol can be increased.

In addition, each of the degradatidn'apparatus and
the-fécy@ling apparatds for unsafurated poljester resin
weste aceording to the present invention csn.be.used under
a pressure if the reaction vessel is closabie. When the
‘apparatus is used under a pressure, degradation'is
effectively prompted sihce treatment is enabled at a
temperature exceeding the toiling point of the glycol as
emploYed. o

The foregoing'and other objects, features, aspects
and advantages of the present invention will become more
appareht from the following detailed description of the
pfesent invention when taken in conjunction with the |
accompanylng drawings. |
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 schematically illustrates the structure of an
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exemplary recycling apparatus for unsaturated polyester
resin waste according to the present invention; and

Fig. 2 is adapted_to illustrate a trap provided in
the apparatus shown in Fig. 1.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present iuvention is now described in more
concrete terms with reference to Examples.

(A) Examples Under Normal Pressure

In the following Examples 1 to'lé,'chippings-of
buttons consisting of unsaturated polyester resin were
crushed by a crusher MIYAKO DM-6 (by Miyako Product Co.,
Inc., rotational frequency: 28,000/min., oapacity: 150 qg),
and the powder materials as.obtained were passed through
screens'having meshes of 300 pm for.preparing samples.

(Examplell) Degradation with Glycol by EtONa Catalyst

10 g of unsaturated polyester resin waste, 100 g of
ethylene glycol, and.2 g of EtONa were introduced into a
1L three-necked round bottom flask provided with a stirre:
and a cooler, and treated at 180°C for.S hours and then «-
200°C for 8 hours respectively. The reactant obtained by
such treatment was filtered, washed with tetrahydrofuranr
(THF), aud dried. 4.5636 g of remainder resin was
filtered out, with a degradation rate of 54.4 %. A THF
~ solution was prepared from the'degradation product, the

molecular weight of which was measured through”gel
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permeation chromatography (GPC) with reference to standard
polystyrene, to observe values of number-average molecular
weight and (weight-average ﬁolecular weight)/(number-
average molecular weight) of 138 and 1.05 respectively.

(Example 2) Degradation.with Glycol.by CHﬁK%H
Catalyst |

10 g of unsaturated polyester resin waste, 106 g of
. ethylene glycol, and-z:g of methanesulfonic acid Qere
introduced into a rduﬁd bottom flask which was similar to
that émployed in Examplé 1, and ﬁreated at 180°C for 5
hours and then at 200°C for 8 hours réspectively. The
‘reactant obtained by such treatment was filtered, washed
with THF, and dried. 6.6807 g of remainder resin was |
filtered out, with a degradation rate of 33.2 %. The
degradation prbduct was subjected to measuremeht of the
molécular weight similarly to Example 1, to exhibit values
of number—average.molecular weight and (weight-average
molecular weight)/(number-average moleculaf weight) of 186

and 1.06 respectively.:

(Example 3) Degradar: n with Glycol by MeONa Catalyst
20 g of unsaturated : .vester resin waste, 40 g of
ethylene glycol, 2 g'of £ :..m methylate, and 50 ml of

dimethylformamide (DMF) w-:::- :ntroduced into a round

(K}

bottom flask which was s::- .:: to that employed in Example

-1 and treated at 150°C f-: :ohrs, the DMF was distilled
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away, and thefeafter the mi#ture was further treated at
200°C fer 8 hours.' The reactant obtained by such
treafment was filtered, weshed with THF, and dried.
10.2216 g of remainder fesin wae filtered out, with a
degradation rate of 48.89.%. o

(Example 4) Degradation with Glycol b? No Catalyst

.10 g of unsaturated polyester resin waste and 100 g
of ethylene glycol were introduced into a.round bottom
flask which was similar to that empioyed in Example 1, end'
treated at 200°C for 13 hours. The reactant obtained by
such treatment was.filﬁered,'washed with THF, and dried.
1 6.0431 gaef remainder resin was filtered, with a
degradation rate of 39.57 %. |

(Example 5) Degradatlon Wlth Glycol under Relatlvely
Low Temperature |

10 g of unsatu:ated polyester resin waste, 20 g of
lethylene glycol, 100 ml of THF, and 1 g of EtONa were |
introduced into a round bottom flask which was_similar to
that employed in Example 1, and treated at 70°C foi 13
~hours. The reactant obtained by such treatment was
filtered,-&ashed with THF, and dried. 9.7670 g of
remainder resin was filtered out, with a degradation rate
of 2.3 8.

(Example 6) Degradatwon with Glycol by NaOH Catalys

10 g of unsaturated po*yeater resin waste, 40 g of
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ethyiene glycol, and'2'g of sodium hydroxide were
introduced into a round bottom flask which was similar to
that employed in Example 1, and treated at 200°C for 9
hours. The reactéht ébtained by such treatment was
filtered, washed with THF, and dried. 4.2357 g of
remainder resin was filtered out,-with é degradation rate
_éf 57.64 %.

(Example 7) Degradétion with Glycol by ﬁaOH Catalyst

100 g of unsaturatéd polyester resin waéte, 120 g of .
ethylene glycol, and 1 g of sodium hydroxide were
intrpduced into.a round bottom flask which was similar to
that employed in Example 1, and treated at 200°C for 24
hours. The reactahﬁ obtained by such treatment was
filﬁered, Washed with.THF, and dried. 46;0 g of remainder
resin.was filtered out, with a degradation rate of 54.0 %.

Further, 2 g of sodium hydroxide, 2g of sodium
éthylate aﬂd_ZSOlg of diethylene glycol were added to 46.0
g of the remainder résin, and tﬁe mixture was introduced
into a round bottom flask similarly to the above, to be
treated at 245°C for 8.5 hours. Then, the reactant as
obtained was filtered éimilarly to the above, washed with
THF, and dried. 0.8 g of remainder resin was filtered
out, with a degradation rate of 98.3 %. _

(Example 8) Degradation of FﬁP Waste with-Giycol

100 g of FRP waste, 150 g of ethylene glycol, and 1 g
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_of.sodium hydroxide were introduced into a round bottom
flask which was similar to that employed in Example 1,
treated at 200°C for 14 hours. The reactant obtained by
éuch'treatment was filtered, washed with THF, and dried.
76.52 g 6f reﬁaindér resin was filtered out, with a
degrédation rate of 23.43 %.

(Example 9) Degradation with Glycol by Zinc Acetate
Cataiyst _ | |

10 g of unsaturated polyester resin waste, 40 g of
ethylene glycol, and 0.5 g of zinc acetate wefé introduced
into a roﬁnd bottom flask which was similar to that
emplbyed-in Example 1, and treated at 200°C for 7 hours.
The réactant obtained by such treatment was filtered;
wéshed with THF, and dried. 5.8665 g of remainder resin
was filtered out, with a degradatlon rate of 41.34 %.

(Example 10) Degradation with Glycol by Propylene
Glycol

10 g of unsatﬁrated polyester resin waste, 40 g of
propylene giycoi, and 2 g of sodium methylate were
introduced into a réuﬁd bottom flask which was similar to
that eﬁployed in Example 1, and treated at 200°C for 9
hours. The reactant obtained by such treatment Was.
filtered, washed with THF, and dried. 7.6956 g of
reméinder resin was filtered out, with a degradation rate

" of 23.04 %. Values of number--average molecular weight and

——
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(weight-average molecular weith)/(number ~average
-molecular welght) obtalned through GPC were 293 and 1. 03
respectlvely '

(Example 11) Degradation with Glycol by Propylene
‘Glycol |

20 g of unsaturated éolyester resin waste,_40 g of
prépylene'glycol;-and 2 g of sodium'ethylate-were
introduced into a round bottbm_flask which was similar to
that employed in Example 1, and tréatéd at 190°C for 10
hours. The reactant obtained by such tﬁeatment was
filtered, washed with THF, and dried. 15.3695 g of
.remaindex resin was filteféa out, with a degradation rate
of 23.15 %. | |

(Example 12) Synthesis of Recycled Unsaturated
Polyester Resin | |

The ethylene.glycol degradation product (degradation
product of 9.7784 g in ethylene glycol of 40 g; 0.644 moi~
obtained in Example 3 was neutralized with hydrochloric
acid, 74.8 g (0.644 mol) of maleic acid was added theretc,
water was distilled away under nitrogen, and the mixture
was reacted at 210°C for 2 hours, to obtain 92.1 g of
recydled unsaturated polyester res;n. Through GPC, the
resin as obtaiﬁed exhibited values of number-averagé
molecular weight and (weight-average molecular

weight )/ (number-average molecular weight) of 1,121 and
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1.38-res§ectively.

kExample 13) Synthesis of Recycled Unsatura;ed
Polyester Resih

The propylene glycol degradation product (deéradation
product of 4.6305 g in propylene glycol of 40 g} 0.525
mol) obtained in Example 11 was neutralized with _
hydrochloric acid, and 20.6 g (0.210 mol) of maleic acid
and 46.7 g (0.315 mol) of phthalic anhydride were added
thereto, water was distilled away under hitrogen, and the
mixture was reacted at_210°C'for 4 hours, to obtain-68.9 g
of recycled unéatﬁrated polyester resin. Through GPC, the
resin as,obtained.exhibited values of number—&verage
molecular weight and (weight—averagé molecular
weight)/(qumber—aVerage molecular weight) of_l,SdS and
2.01 respectively. For the purpose of comparison, it is
pointed out that "Polylite 210M" by Dainippon Ink and
Chemicals, Inc. has values of.number-average molecula:

weight and (weight-average mclecular weight)/(number-

averége molecular weight) - I 1,646 and 3.26 respectively.

45.9 g of styrene wa: :ided t0_68.9'g of the
unsaﬁurated polyeéter res.- - btained in the afpreﬁehtioned
manner, with addition of . - -:ach of methyl ethyl ketone
peroxide aﬁd cobalt napht:- - :'2 with respect to the total
weight of the'unsaturata: : .yestér resin and the styrene
to obtain a resin cdmpos.i. ;.. which in turn was cast-
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and postcuring at 70°C for 2 hours. The molding as
obtained exhibited bending strength of 132.2 MPa, while a
moldihg of the aforementloned "Polylite 210M".exhibited.
bending strength of.92.l MPa.

(Example 14) Synthesis of Recycled Unsaturated
Polyester Resin | |

The propylene glycol degradation product (degradation
product of 4.6305 g in propylene glyeel of 40 g; 0.525
mol) obtained in Example 11 were neutralized with
hydrochloric acid, 20.6 g (0.210 mol) of maleic anhydride
and 52.3_g.(0.315 mol)-df terephthalic acid discharged in
reductionlef polyester fiber were added thereto, water was
distilled away under nitrogen, and the mlxture was reacted
under 210°C for 4 hours, to obtain 69.5 g of recycled
unsaturated polyester resin. Through GPC, values of
number-average molecular welght and (welght average
molecular weight)/(number~average molecular weight) of the
resin.as obtained were 1,500 and 2.00 respectively.

(Example 15) Reeycling of Glass Fiber

" 50.g of unsaﬁurated pelyestef-resiﬁ "Polylite BS210M

by Dainippon Ink;and Chemicals, Inc., containing 30 to 40
% of styrene, was'prepafed with addition of 1 % each of
methyl ethyl ketone peroxide and cobalt naphtﬁanate'with

respect to the weight of the "Polylite BS210M" and 15 g

e
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the glass.fiber recovered in Example 8, to obtain a
composite reéin composition. This composite resin
compositioﬁ was cast-molded under conditions of precuring
at 25°C for 2 hours and postcuring at 70°C for 2 hours.
The molding as_obt&ined exhibited bending strength:of 140
MPa. For the purpose of comparison, it ié pointed out
that a.mixture prepared in the aforementioned manner with
no addition of the glass fiber and a commercially
available FRP tank contéining 30 % of glass fiber
exhibited bending strength values of 92;1 MPa and 134 MP&
.respectively. - |

(Exémple'ls)-Synthesis-of Recycled Polyurethane Resin

50 g of the ethylene glycol degradation product
obtained in.Example 3 was rieutralized with hydrochloric
acid, and 0.05 g of triethylenediamine and 0.15 g of tin
'octenate (IT) were added to and mixed_with the same. 25 g
of toluene diisocyanate was added to and further mixed
with this mixture, which in turn was reacted at 100°C fdr
1 hour, to obtain polyurethane.resin.

| (B) Examples on Degradation Under Pressure’

In the following Examples 17 to 25 and comparative
exampleS l and 2, chippings of buttons consisting of
unsaturated polyester resin were crushed into 3 mm in
grain size_by.é_rotary,cutter mill "Granulaters U-140" (by

HORAI CO., LTD.) and further into 100 meshes by a high-
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speed hammer mill (by Yoshida Seisakusho Co., Ltd.), for
preparing samples. | |

..On the other hand,-sﬁavings of ﬁhe buttons were
emplbyed for degradation wifh glycol as such.

Comparative éxamples i and 2 are thus named in
comparison with Examples of degradation under pressures,
although the same are inventive examples.

| (Example 17) Degraﬁation with NaOH Catalyst under
Pressure | | | |

2 g of unsaturated polyéster resin waste (chippings),
20 g of ethylene glycol, and 0.2 g of-spdium hydroxide
were introduced intd a vessel of Portable reactor TVS-N2
(cap bolt system) (by Taiatsu Corporation), and treated at
-250°C.for 5 hours. The reactant obtained by such
treatment was filtered, washed with_water and THF, and
dried. 0.7683 g of remainder resin was obtained aftér the
"drying, with a degradaticn.rate of'Gi.G %.

| The molecular weight of the degradation product was
measured through GPC simiiarly ﬁo Examplell. In result,
number—aveiage'molecular weight and (weight-average

molecular weight)/ (number-average molecular weight) were
269 and 1.24 respectively at a peak 1 of the degradation
produqt. At a peak 2 of the degradation product, on.the
other hand, number-average molecular weight and (weight-

average molecular weight)/(number—average'molecular
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weight) were 229 and 1.61 respecti&ely._ At a peak 3 of
- the degradation pfoduct, further,.number-aVerage molecular
weight and (weight-average ﬁolecular weight)/(number;
averége molecular weight) wefe 141 and 1.03':espectiVelyﬁ
At the total peak of the degradatioﬁ product, number-
avérage molecular Qeight and (weight-averAgé molecular
weight)/(numbér—avérage molecular weight) were 182 and
1.39 respectlvely |

(Example 18) Degradatlon w1th NaOH Catalyst under
Pressure

2 g of unsaturated polyesﬁer resin waste (chippings),
20.g of ethylene glycol, and 0.2 g of sodium hydroxide
were introduced into a vessel which was similar to that of
Example 17, and treated- at 270°C for 3 hours. The -
reactant obtained by such treatment was filtered, washed
with water and THF, and dried. 0.7579 g of remainder
-resiﬁ was obtained afﬁer the drying, with a degradation
rate of 62.10 %. |

(Example 19) Degradation with'NaOH-Catalyst under
Pressure o

2 g of unsaturated polyester resin waste (éhippings:,
20 g of ethylene glycol, and 0.2 g of sodium hydroxide
were introduced.into a vessel which was similar to that
Example 17, and'treated at.280°C for 3 hours. The |

reactant obtained by such treatment was filtered, washe‘
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with water and THF, and dried. 0.7213 g of remainder
resin was obtained after'thé drying, with a degradation
rate of 63.94 %. |

(Example  20) Deéradation with NaOH Catalyst under
Pressure |

2 g of unsaturated polyester resin waéte (éhippings),
20 g of ethyiene glycbl, and.0.2 g of sodium hydroxide
were introduced into a vessel which was similar to that of
Example 17, and treated at 290°C for 3 hours. The
reactéﬁt obtained by such treatment was filtered, wéshed
with Qater and'THF, and dried. 0.4891 g qf remainder
‘resin was obtained after the drying, with a degradation
rate of f5.55 %.

The molecular weight of the degradation pfoduct was
measured through GPC similarly to Example 1. 1In result,
number-average molecular weight and kweight-average
molecular weight)/(number-average molecular weight) were
235 and 1.01 respectively a:t a peak 1 of the degradation.

product. At a peak 2 of th- degradation product, number-

average molecular weight ::..:@ weight—average_molecular
weigﬁt)/(number—aveiage © .- ular weight) were 156 and
1.02 respectively. At t:. - -al peak of the degradation
pfoduct, number-average - .-+ :..1r weight and (Weight—'
average molecular weight _-Lr:er—averagé hoiecular
weight) were 156 and 1.C- :.--rectively. |
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(Compa:aiive Ekample l)_Degradat;on'with NaOH
Catalyst UnderTAtmosphere | o

10 g of unsaturated polyester resin waste
(chipplngs), 40 g of ethylene glycol, and 2 g of sodlum'
hydroxide were introduced into a 1L three-necked round
bottom flask provided with a stirrer and a coolér which
was similar to that of Examplé 1, and treated'aﬁ 200°C for
9 hours. The reactanﬁ obtained'by suéh treatment was
filtered, washed-with THF, and dried. 4.2357 g of
:remainder resin was filtered out, with a degradatidn rate
of 47.64 %. | |

(Example 21) Degradation of FRP with NaOH Catalyst
under Préésure

2 g éf FRP waste, 20 g of ethylene glycol, and 0.2 g
of sddium hydroxide were introduced into a vessel which
was similar to that of Example 17, and treated at 290°C
for 7 hours. The reactant obtained by such treatment was
filtered, washed with water and THF, and dried. 0.7055 g
of remainder resin was obtained after the drying ‘including
glass fiber, with a degrédation rate of 64.73 % with
respect td the waste FR?.

The molecular weighp of the degradation product was
measured through GPC similarly to Example 1. In.result,
number-average mb}ecuiar weight and (weight-average

molecular weight)/(number-average molecular weighty were

| T
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243.and i.dS respectively at a peak 1 of the degradation
product. At a peak 2 of the degradation pfoduct, number-
~average ﬁoleculér weight and (weight-average molecular
weight)/(nuﬁber-average molecuiar weiéht) wefe 131 and
1.01 respectively. At the.total éeak of the degradation
product, number-average molecular weight and (weight-
éverage molecular weight)/(number-average molecular
weight) were 190 and 1.13 respectiveiy. |
| (Comparative Exampie 2) Degradatibn of FRP with NaOH .

Catalyst'Under Atmoéphere | |

100 g of FRP wasté{ 150 g of ethylene glycol, and 1 g
of sodium hydroxide wére introduced into a 1L'threefnecked
round bottom flask provided with a stirfer.and a cooler
which wés similar to that.of E#ample'l; and treated at
200°C for 14 hours. The reactant obtained by such
treatment was filtered, washed with THF, and dried. 76.52
g of remaihder resin was filtered out, with a degradation
rate of 23.43 %.

(Example 22) Degradation'with MgO Catalyst under
Pressure ‘

2 g of unsatpfated polyester resin waste (chippings),
20 g of ethylene glycoi, and 0.2 g of magnésium hydroxide
were introduced into é vessel whiéh was similar to that of
Example 17, and treated aﬁ 256°C.for 5 hours. The

reactant obtained by such treatment was filtered, washed
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with diluted hydrochloric acid and THf‘, and dried. 0.8458
g of remainder resin was obtained after the drying; with a
'degradation rate of 57.71 %.

(Example 23) Degfadation with BaQ Catalyst under
Pressure |

2 g of unsaturated polyester resin waste (¢hippings),
20 g of ethylene glycol, and 0.2 g of barium oxide were
introdﬁced into. a vessel which was similar to that of
Example 17, and treated at 2505C for 5 hours. The
reactant obtained bf such treatment was filtered, washed
with diluted hydrochloric acid and THF, and dried. 0.8967
g of remainder résin was obtained after.the drying, Witﬁ a
degradation rate of 55.17 $.

(Example 24) Degradation with CaO Catalyst under
Pressure

2 g of unsaturated polyester resin waste (chippings),
20 g of ethylene glycol, and 0.2 g of calcium oxide were
introduced inﬁo a vesse! which was similar to that of
_Examble 17, and treated at 250°C for 5 hours. ‘The
reactant obtaiﬁed by such treatment was filtered, washed
with diluted hydrochloric acid and THF, and dried. 0.8924
g of remainder resinﬁms obtained after the drying, with a:
degradation rate of 55.38 %. | |

.(Exaﬁpie.ZS) Degfadation with Zihc Acetaté Catalyst

under Pressure
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2 g of unsaturated polyester resin waste (chlpplngs),
20 g of ethylene glycol, and 0.2 g of zinc acetate were
introduced into a vessel which was similar to that of
Examéle 17, and treated at 250°C for 5 hours. The
reactant obtained by such.treatment was filtered, washed
with diluted hydrochloric acid and THF, and dried. 0.9600
g of remainder resin was obtained after_the"drying, with a
degradation rate of 51.97 %. _

(C) Examples Employing Apparatus of Sﬁainleéé

Fig. 1 schematically illustrates the structure of an
exemplary recyéling apparatus for unsaturated polyester
resin waste according to the present invention.

| Referring to Fig. 1, this apparatus comprises a
stainless 100L reactioh vessel 1 which is closable, a-
| first tank 2 storing glycol fo be injected into the
reaction vessel 1, a second tank 3 storing sodium
hydtoxide to be injected into the feaction vessel 1, and
third tank 4 for_stdring unsaturated polyester resin was:-
to be'injected into the reaetion vessel 1.

The reaction vessel 1 is provided_with a heating an-i
cooling medium boiler 5 for heating the reaction vessel ..
and a stirrer 6 which is rotated by a motor 20 for
stirring a reacted soluﬁion in the reaction veseel 1.

-Thelreaetion vessel 1 is further provided with a

cooler 7 for ligquefying voiatile components which are
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generatéd in the reaction vessel 1, and a receiver 8 for
receiving the liquid resuiting from such liquefaction by
the cooier 7.

The volatile compoﬁents generated in the reaction
- vessel 1 include a sublimable component such as Phthalic
acid; which may be solidified to block a tube portion of
the cooler 7 when the same is directly fed into the cooler
7. In this apparatus,-theréfore, a trap 9 is provided in
a path connecting the reaction vessel 1 with the cooler 7. -
This trap 9 is.structuréd as shown in Fig. 2, for removing
the sublimable compéneﬁt such as éhthalic acid.

The reaction vessel 1 is further providéd with an
outlet port 10 for taking out a degradaﬁion liquid
resulting from degradation reaction in the reaction vessel
1.

This apparatus fﬁrthe; comprises a centrifugal
sepafator 12 for removing an unreactant and a filler such
as glass fiber from the degradation liquid which is taken.

out from the outlet port . .-

.In addition, this ar: :r:tus further comprises a
fourth tank 13 stbring t:- egyradation liquid, which is
subjected to removal of :: ‘:pitates by centrifugatioh,
for injeqting the same ::: ‘e reaction vessel 1 again
.for.making re;synthesis t--: t2n, a fifth tank 14 storing
maleic anhydride to be i: -.2zad into the reaction vessel

S anE
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1, a sixth tank 15 storing phthalic anhydride to be
injected into the reaction vessel 1, a seventh tank 16
storing styrené to be injected into the reactioﬁ vessel 1,
and a nitrogen inlet tube 18 for introducing nitrogen gas
into the reaction vessel 1 which is ﬁnder re-éynthesis |
reaction.

'Through the recycling apparatus having the
aforemen;ioned structure,'degradation and re-synthesis
reaction of unsaturated pélyester resin waste are carried
out as follows:

First, glycol is injected into the reaction vessel 1
from the first tank 2, and thereafter cooling water is fed
to drive-the cooler 7. Volatile éomponenfs-which are
generated during_reaétion are liquefied by the cooler.7,
and collected in the receiver 8. The liquid collected in
the receiver 8 is properly returned into the reaction
vessel 1. A sublimable component such as phthalic acid is
removed by the trap 9 before the same reaches the cooler
.7. ' . '

Then, the stirrei 6 is roﬁated by the motor 20, to
start stirring the solution contained in the reaction
-vessel 1. ihen, sodium hydroxide for serving as a
catalyst is.injected into the reaction vessel 1 from the
secbnd tank 3, and thereafter'the reaction vessel 1 is

heated by the heating medium boiler 5. Then, unsaturats:
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polyester resin waste is introduced into the reaction
vessel 1 from the third tahk 4, to make degradation
reaction. |

After completion of the degradation reaction, thé
heating medium boiler 5 is switched to cooling, for
coolihg the reaction vessel 1 to a prescribed temperature.
Then, a valve 11 is opened.to take out the degrédatidn'
liquid from the reaction vessel 1 through the outlet port
~10. The degradation liéuid as taken out is centrifuged by -
the centrifugal separator 12 for removal of pre01pltates,
and thereafter fed to the fourth tank 13 by a pump 17.

The'degradatlon llquld_resultlng from the
aforementioned degradation reaction is again injectedlinto
the :eaction vessel 1, for re—éynthesis réaction.

Then, maieic anhydride is injected into the reaction
vessel 1 from the fifth tank 14, and phthalic anhydride is
further injected from the sixth tank 15. Then, the
reaction vessel 1 is heated by the heating medium boiler
5, to make re-syhthesis reaction.' In the re-synthesis
reactlon, nitrogen gas 1is introduced into the reaction
| vessel 1 through the nltrogen inlet tube 18, so_that the
reacted solution is stirred by the stlrrer 6. |

After reaction, the reaction vessel 1 is cooled and
styreﬁe is injected into.the_same from the seventh tank

16, to obtain recycled unsaturated polyester resin. This
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recycled resin is stored in a tank 19.
Description is now made on Examples of degradation
and re-synthesis carried out through thie apparatus.

" In the following_Examples 26 to 30, chippings of
buttons consistinglof unsaturated polyester resin were
erushed into 3 mm in grain size by a rotary cutter mill
"Granulaters U-140" (by HORAI CO., LTD.) and further into
100 meshes by.a high-speed hammer mill (by Yoshida
Seisakusho Co., Ltd.) for.?reparing samples.

| On the other hand, shavings ef the buttons We?e

employed'for degredation with glycol as such.

(Example 26) Degradation with Ethylene Glycol in
Apparetue of Stainless .

| 40 kg of ethylene glycol was introduced into the

stainless lOOL-reaction vessel i from the chemical
injection tank 2, and cooling water was fed fd drive the
cooler 7 while the stirrer 6 was rotated to start stirring
at 24 rﬁm. )

Then, 800 g of sodium ~ydroxide was introduced into
the reaction veesel 1 from the cheﬁical injection tank 3,
- and the temperature was increased by the heating medium
boiler 5. Then, 20 kg of uﬁsaturated pelyester button
shavings wereintroduced into the reaction'vessel 1 from
the tank 4.

After the temperature was raised up to 197°C,
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treatment was madé for 4 hours and 40 minutes. 'AfFer
reaction, the heating mgdium.boiler 5 was s&itched ﬁo
cooling for cooling the reéétion.vessel l.to 150°C, and
thereafter the valve 11 provided on the lower portion of
‘the reacﬁibn vessel 1 was opened to remove undegraded
ﬁaterials by the-centrifugal separator 12. A degradation
iiquid of 43.45 kg was obtained, with'a degradation rate
of 17.25 %. |
The molecular weigh# of the degradation product was .
measured through'GPC similarly to Exémple 1. 'In result,
number-average'mblecuiar weight and (weight—average_
moleculax weight)/(number—average molecular weight) were
247 and i.05 respegtivély at a peak 1 of the degradation
product. At a peak 2 of the degradétion product, number-
average molecular weight and (weight—average'moleculaf
weight)/(number-average molecular weight) were 147 and
1.03 respectively. At the total peak of the degradation
product, nﬁmber—average molecular‘weight and:(weight—
average molecular weightj/(number-average molecular
weight) were 201 and 1.12 respectively.
(Example 27) Degradation with Diethylené Glycol in

Apparatus of StéinLgss |

| 50 kg of_diéthylene glycol was introduced into the
stainless 100L reaction vessel:l frdm the chemical |

injection tank 2, and cooling water was fed to drive th-

—————— L
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cooler 7 while the stirrer 6 was rotated to start stirring
at 24 rpm.

Then, 800 g of sodium hydroxide was introduced into
the reaction vesselll_from tﬁe cﬁemical injection tank 3,
and the temperature was increesed by the heating medium
boiler 5. Then, 30 kg of unsaturated polyester button
shavings were intrOduced.lnto'the reaction vessel 1 from
the tank 4.

After the temperature was raised up to 230°Q,
treatﬁent was made for 10 hours. After reactien, the
heating mediuﬁ-boiler 5 was switched to coeling for
cooling the reaetion vessel 1 to 150°C, and thereafter the
valve 11 provided on the lower portion of the reaction
vessel 1 was opened to remove undegraded materials by the
centrifugal separator 12. A degradation liquid of 73.95
kg was obtained, with a degradation rate of 79.83 §&.

The molecular weight of the'degradétion product was
measured through GPC sxmllully to Example 1. In result,

number-average molecular waight and'(weight—aVerage

molecular weight)/(number-:~.:rage molecular welght) were
| 2,084 and 1.14 respectiv-:. :1 a peak 1 of the degradation
.product. At a peak 2 of -:.- iegradation product, number-
average molecular weight L -«-eightéaverage mole_eular
weight)/ (number-average = .- ‘..ar weight) were 300 and
1.02 respectively. At & :-.:= 3 of the degradation
heet Has Been Replaced
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product, numbér-a&erage molecular weight and (weight-
‘average molecular weighf)/(number-average molecular
weight).were 155 and 1.02 respectively, At the total peak
 of the degradatidn producﬁ, number—averagé moiecular
weight and (weight—averagé moleculai weight)/(nﬁmber—
avefage_molecular weight) were 333 and 2;93 respectively.

’(Example 28) Degradation with-Triethyiene Glycol in
Apparatus of Stainless

50 kg of trlethylene glycol was introduced into ‘the
stainless,lOOL reaction vessel 1 from the chemical
injection tank 2, and cooling water was fed to dfive the
cooler 7 While-the'sti:rer 6 was rotated.to start stirring
at 24 rpﬁ.

‘Then, 800 g of sodium hydroxide was inﬁrdduced into
the reaction vessel 1 from the chemical'injection tank 3,
and the temperature was increased by the heating medium
boiler 5. Then, 29 kg'df unsaturated polyester button
shavings were introduced into thé_reaction vessel 1 from
the taﬁk 4. |

After the temperature wés raised up to ZSOfC,
freatment was_made for 5 hours. After reaction, the
heating medium boiler 5 was switched to cooling for
cooling the reaction ve?sel 1 to 150°C, and thereafter'th~
valve li provided on the lower-péftion of the reaction

vessel 1 was opened to remove undegraded materials by th.
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centrifugal separator 12. A.degradation iiquid'of 72.6 kg
was ebtained, with a deg?adatibn rate of 77.93 %.

.The molecular weight of the degradafibn product was
measured through GPC similarly'to Example 1. 1In feSult,
number-average molecular weight and (weight-average
molecular weight)/(number-average molecular weight) were
2,744 and 1.16 respectively'at a peek 1 of the degradation
product. ‘At a peak 2 of the degradation product, number-
a#erage molecular weigh£ and (weight—ayerage molecular .
weight)/(number;average molecular weight) were 893 and
1.05 respectively.. At a peak 3 of the.degradation
preduct,”number-average molecular weight and (weight-
average molecular weight)/(number—a&erage molecular
weight) were 462 and 1.03 respectively. At the total peak
of the degradation product, number-average molecular
weight and'(weight—average molecular weight)/(number-~
average molecular weight) were 586 and 1.53 respectively.

(Example 29) Re-Synthesis of Unsaturated Polyester
Resin. |

40 kg of the ethylene glycol degradation product
obtained in Example 26 (ethylene glycol-equivalent: 10.75
mol/kg, analyzed by phthalaeibn in Bunseki Kagaku Binran,
edited by The Japan Society for Analytical Chemistry,'p.
_316 (1971), by Maruzen Coﬂ, L;d.) was intrdduced into.the

reaction vessel 1 from the chemiéal injection tank 13, and
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neutralized with hydrochloric acid. Then, 16.9 kg of
maleic anhydride was injected into the reaction veséel 1
from the chemical iﬁjection.;ank_l4, and 38.2 kg'of.
phthélic anhydride was added from the chemical injection
tank 15. Nitrogen.gas was fed at 60 L/h. from the
nitrogen inlet tube 18, and stirring was made by the
stirrer at 84 rpm while'resulting water was distilled away
'by heating,land reaction was made at 210°C for 4 hours;
| Thereafter the reaction veésel 1 was cooled to 80°C,
| and 13.6 g of hYerquinone and 37.4 kg of styrene Qere
added from the chemical'injection tank 16. Thus, recycled
unsaturated polyester resin of 124.8 kg was obtained.
Thls recycled resin was stored in the tank 19. |

The molecular weight of the resin as obtained was
measured through GPC similarly to Example 1. -In result,
number-average molecular weight and (weight-average
molecular weight)/(number—ave;age molecular weight) were
1,274 and 1.62 respective:.v. For reference, it is pointed
out that "Polylite 210M" by painippon Ink and Chemicals,
Inc. has number-average moleculaf weight and (weight-
_average.molecular weight)/(number -average molecular
weight) of 1,646 aﬁd 3.26 respectively.

(Example 30) Re—SyntheSisof Unsaturated Polyestér
Reéin

60 kg of the triethylene oglycol degradation product
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obtained in Example 28 (ethylené glycol equivalent: 2.25
mol/kg} analyzed by phthalation in Bunseki Kagaku Binran,
edited by The Japan Society for Analytical Chemistry, p.
316 (1971), by Maruzen Co., Ltd.) was introduced inté the
reaction vessel 1 ffom the'chemical injection tank 13; and
neutralized with acétic acid. Then, 13.24 kg of maleic
‘anhydride was injected into the reaction vessel 1 from the
chemical injection.tank 14. Nitrogen gas was fed at 60 B
L/h. from the nitrogen inlet tube 18, and stipr;ng was e
made by the stirrer 6 at 84 rpm while.resuiting water was
'distilled away by.heétingy and.réacfion was made at 200°C
for 3 hdﬁrs. |

Thereafter the reaction vessel 1 was cooléd to 80°C,
and 10.10 g of hydroquinone and 30.35 kg of styreﬁe were
added from the chemical injection tank 16. Thus, recycleq
unsaturated.polyester resin of 101.2 kg was obtained.
This recycled resin was stored in the tank 19.
| The molecular weight of the resin as obtained was
measured through GPC similarly to Examplé 1. 1In result,
numbér-average mo1ecular weight and (weight-avérage
'molecuiar weight)/(number-average molecular weight) wer::
906 and 1.61 respectively. For refefencé, it is pointe‘
out that "Polylite 210M" by Dainippon Ink and Chemicals,
Inc. has number—avera@e mclecular Weight and (weight-

average molecular weight)/(number-average molecular
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weight) of 1,646 and 3.26 respectively.

Although the preéeﬁt invention has beeh described énd :
lllustrated ln detall it is clearly understood that the
same is by way of lllustratlon and example only and is not
to be taken‘by way of limitation, the spirit and scope of
the present.invéntion being limited only by the terms of

the appended claims.
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WHAT IS CLAIMED IS:

1. A'méthod of recycling unsaturated polyester resin.
‘waste, comprising the steps of:

preparing unsaturated poiyester reéin waste; and

degrading said unsaturated polyester resin waste with
glycol under a pressure, thereby obtaining.glycolic raw

material.

2. A method in accordance with claim 1, wherein said
- step of preparing said unsaturated polyester resin waste
includeSfa step of crushing said unsaturated polyester

resin waste.

3. A method in accordance with claim 2, wherein said
step'of preparing said unsaturated polyester resin waste
further includes a step of screening crushed said

unsaturated polyester resin waste.

4. A method in accordance with claim 3, wherein a
screen having meshes of not more than 300 pm is employed

in said screening step.

5. A method in accordancé with claim 1, wherein sa::

step of degrading said unsaturated polyester resin waste
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~with glycol includes a step of adding glycol to said

unsaturated polyester resin waste.

.6. A method in accordance with claim 5, wherein said
glycol includes one selected from the group conéisting of
_ ethylene glycol, propylene glycol, diethYlene.glycoi,
dipropylene glycol, triethylene glyéol, polyethylene
giycol,_tripxopylene glycol, polypropylene glycol,
neopentyl.glycol, 1;3-bﬁtanediole, 1l,6-hexanediole,
bisﬁhenol A hydride, bisphenol A propylene oxide adduct,

and dibromoneopentyl glycol.

7. A method in accordance with claim 5, wherein said
step of degrading said unsaturated polyester resin waste
with resin further includes a step of adding a catalyst to

said unsaturated polyester resin waste.

8. A method in écCordance with claim 7, wherein said
catalyst includes one seieéted from.the group consisting
of sodium methylate, sodiuh éthYlate, sodium hydroxide,
methanesulfonic acid, metal acetate, magneSium_oxide,

barium oxide and calcium oxide.

9. A method of recycling waste of a fiber reinforced

plastic product containing glass'fiber and an unsaturated

i

polyester resin, comprising the
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steps of:
preparing waste; and
dégrading said waste with glycol, thereby obtaining

- gly&olic raw material.

10. A method in accordance with claim 9, wherein
said step of preparing said unsaturated polyester resin
waste includes a step of crushing said unsaturated

polyester resin waste.

11. A method in accordance with claim 10, wherein
said step of preparing said unsaturated polyester resin
waste further includes a stép of screening crushed said

unsaturated polyester resin waste.

12. A method in accordafice with claim 11, wherein a
screen having meshes of not more than 300 um is employed

in said screening step.

13. A method in accordance with claim 9, wherein
said step of degrading said unsaturated polyester resin
waste with glycol includes a step of adding glycol to said

unsaturated polyester resin waste.

14. A method in ac¢- :rdance with claim 13, wherein
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said glycol includes one Selectea from the'groﬁp
consisting of ethylene glycol, propylene glycol,
dlethylene glycol dlpropylene glycol, trlethylene glycol
polyethylene glycol, tripropylene glycol, polypropylene
glycol, heopentyl glycol, l,3-butanediole, 1,6-
hexanediole, bisPhenol A'hydride, bisphenol A propylene

oxide adduct, andldibromoneopentyl glycol.

15. A method in accordance with claim 13, wherein
said ‘'step of degrading-said unsaturated polyester resin
waste with resin further includes a step of adding a

catalyst  to said unsaturated polyester resin waste.

16.. A -method ih accordance with claim_15, wherein
said Catalyst includes one selected from the group
consisting of sodium methylate, sodium ethylate, sodium
.hydroxide, methanesulfonlc acid, metal acetate, magnesium

oxide, barium oxide and calcium oxide.

17. A method in accordance with claim 9, wherein a
temperature of 150°C to 250°C is supplied in said step c:
degrading said unsaturated polyester resin waste with

resin.

18. A method in accordance with claim 9, wherein
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said step of degrading said unsaturated polyester resin

waste with glycol is carried out under a pressure.

19. A method in accordance with claim 9, wherein
said step of degrading said unsaturated polyester resin
wéste-with glycol is carried out while closing a reaction

vessel.

20. A method in accordance with claim 1 or 9,
further comprising a step of synthesizing unsaturated
polyester resin by reaéting Said'glycolic raw material

with dibasic acid.

21. A method in accordance with claim 20, wherein
said dibasic acid includes unsaturated dibasic acid

selected from the group consisting of maleic'anhydride,

fumaric acid and itaconic acid, and saturated dibasic acid

selected from the group consisting of phthalic anhydride,
isophthalic acid, terephthalic acid, tetrahydrophthalic
anhydride, methyltetrahydrophthalic énhydride; |
endomethylenetetrahydrophthalic anhydride, adipic acid,
sebacic acid,'chloréndic_dcxd (1,4,5,6,7,7-
hexachlorobicyclo [2,2,1];i-heptene-z,3—dicarboxylic

acid), and tetrabromophthae.:¢ anhydride.
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22. A method in accordance with claim 20, further
Comprising a step of feeding nitrogen gas for reacting

said glycolic raw material with said dibasic acid.

23. A method in accordance with claim 1 or 9,
further comprising a step of synthesizing polyurethane
- resin by reacting said glycolic raw material with a

diisocyanate compound.

24. A method in accordance with élaim 23, wherein
said diisoéyanate compound includes one selected from the
group consiéting of toluene diisocyanate, diphenylmethane
diisocyanate (MDI), néphthalene diisocyénaté, tolidine
diisocyanate, hexamethylene.diisocyanate, isophorone'
diisocyanate, p-phenylene diisocyanate, transcyclohexane
l,4-diisocyanate, xylylene diisocyanate (XDI),
hydrogeneration XDI, hydrogeneration MDI, lysine_

diisoéyanate and tetramethylxylene diisocyanate.

25. A method in accordance with claim'23, further
comprising a step of feeding nitrogen gas for reacting'
said glycolic raw material with said diisocyanate

compound .

26. An apparatus for_degrading unsaturated polyest:-:
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reéin waste, comprising:

a reaction vessel of'stainless steel;

.first injection means for injecting giydol into said
reaction vessel;

- second injéction means for injecting a catalyst into
said reactidn vessel;

fhird injectioh means for injecting unsaturated
polyester resin waste into said reaction véssel;

heating means for heating.said reaction veésel;

" cooling means foi cooling said reaction vessel;

a stirrer for stirring a reacted solution in said
_reactionfvessei;

a cooler for liquefying volatile components,
including a subiiming coméonent, being genefated in said
reaction vessel;

a trap being provided in a path connecting said
reaction vessel with said cooler for removing said
subliming.component'being generated in said reaction
vessel} and

an outlet port being provided in said reaction vessel
for taking out a degradation liquid resulting froﬁ

degradation reaction in said reaction vessel.

27. An apparatus in.accordance with claim 26,

wherein said reaction vessel is closable.
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28. An apparatus in accordance with claim 26,
wherein said unsaturated polyester resin waste includes
waste of a fiber reinforced plastic product containing

glaés fiber.

29. An appératus for recycling unséturated polyester
resin waste, comprising:

a reaction vessel of stainless steel;

- first injection means for injecting glycol into said -
reaction vessel; |

second injection means for.injectiﬁg a catalyst into
said réqction vessel;

.tﬁird injection means for injecting unsaturated
polyester resin'waste into said reaction vessel;

heating means for heating said reaction vessel;

coéling means for cooling said reaction'vessel;

a stirrer for stirring a reacted solution in said
reaction vessel;

a cooler for liquefying volatile éompoﬁents,-
including a subliming_componeﬁt, being generated in said
reaction vessel; |

a trap.being providéd in a pathlcdnnecting said
reaction vessel Qith said cqolef for removing said

subliming component being generated in said reaction

vessel;
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an ouﬁlet port being provided in said reaction vessel
for taking out.a-degradation liquid resulting from
degradatlon reaction in said reactlon vessel;

a centrifugal separator for centrifuging said
degradation liquid being taken out from said outlet port;

fourth injection means'for re-injecting said
degradation liquid, being subjected to removal of
precipitatés by centiifugation through said centrifugal
- separator, into said reaction vessel for re-synthesis y
reaction;

fifth injection means for injecting maleic anhydride
into said reaction vessel;

éixth injectidn'meanS-for injecting phthalic
anhydride into said reaction vessel;

sevénth injection means for injecting styrene.into
said reaction vessel; and |

a nitrogen inlet tube fdr'introducing nitrogen gas
into said reaction vessel being under re-synthesis
reactian,  | . |

for re-synthesizing_recyéled unsaturated polyester
fesin inISaid reaction vessel while carrYing out heating

by said heating means and stirring by said stirrer.

30. An apparatus in accordance with claim 29,

wherein said reaction vessel is closable.
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31. An apparatus in accordance with claim 29,
wherein said unsaturated polyester resin waste includes
waste of a fiber reinforced plastic product containing

glass fiber.

T
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