TITLE OF THE INVENTION

Method of Recycling Unsaturated Poiszter 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 wasfe by
chemically treating the same and obtaining induétrially
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
.polyéster 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 $ df the raw ’
material is wasted as chippingsand shavings. The problem
of waste disp&sal also arises in- relation to fiber
reinforced plastic producté such as FRP ships and bathtubs
having matrices of unsaturated’ pquester resin. Thus, it
is desirable to recycle such unsaturated polyester resin
waste.

However, it is impossible to remelt and remold waste
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of the unsaturated pbiyester resin, which is'thermqsetting
resin having a three—dimensioﬁal'netwofk structure,
dissimilérly.to that of thermoplastic resin such as
polyﬁropylene, for example. Further, the ﬁhsaturated
polyeéter resin cannot be dissolved in a solvent.

Tb this end, there has been made study on a ﬁethod of
pulverizing fiber reinforéed plastic (FRP) waste having a
matrix of unsaturated polyester reéin and recycling the
same as a filler (Yoshihiro Fukuda, K%gaku to Kogyo
(Osaka), 68 (2),'60 (19§4j)f. However, the invéntors.have

1cohfirmed that this method éncounters such a problem that
the strength of the recycled resin, which is reduced as
the amouﬁt 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 500°C for obtaining components such as
phthalic acid (Yoshinari Kobayashi, Kagaku to Kogyo
(Osaka), §§ (10), 452 (1992); Kazuhide Hamada, Jun
Hosokawa and Masashi Nishiyama, Kobunshi Rénbunshu, 49
(8), 655 (1992); Yoshio Kobayashi, Dai 42-Kai Kobunshi
Kaki-Daigaku Koen Yoshishu, p. 134 (1994)). Further, a
stem pyrolytic furnace for FRP has also been devised.
'However, the high temperéture'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 INVENTION

Accordingly, an object of the present invention is to

provide a method of recycling unsaturated polyester resin

waste by chemically treating the same and obtaining

industrially valuable raw material with a simple

equipment, i.e., a method of chemicaily recycling

unsaturated polyester resin waste, and an apparatus for

carrying out the method.

In order to solve the aforementioned technical

problems, the inveritive method of recycling unsaturated

polyester resin waste comprises a step of degrading

unsaturated polyester resin waste with glycol, thereby

obtaining glycolic raw material.

Preferably, the degradation with glycol is carried

out under a pressure.

The present invention
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'Accordiné to the present invention, the unsaturated
polyester resin waste is preferably crushed and thereafter
degraded with glycol, so thet degradation of the waste
with glycol is further facilitated. The waste can be
crushed with a hammer or chaln type 1mpact crusher, a
shear crusher, a cuttlng 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 paseed through a screen having
meshes of 300 um is advantageously employed, for example.

According to the present invention, glyool whichlis

employed for the degradation with glycol is prepared from

ethylene glycol, propylene glycol, diethylene glycol,

dipropylene glycol, triethylene glycol, polyethylene
glycol, tripropylene glycol, polypropylene glycol,
neopeﬁty}_glycol, 1,3—butahediole, l,6-hexanediole,
bisphenol A hydride, bisphenol 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 methylete, sodium ethylate, sodium hydroxide,
methanesulfonio acid} or metal acetate such as zinc
aoetate, magnesium acetate, calcium acetate, lithium

acetate, sodium acetate, magnesium oxide, barium oxide,

—————
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calcium oxide; for.example.. Héwé#ef, it is possible to
cérry out the dégradation with glycol without employing
such a catalyst. ” '

In the degradation with glycol, a temperature of
about 150° to 250° is preferably supplied.' The upper
limif of the temperaturé range of about 250°C is selected

in relation to the.boiling point of the glycol as

~employed, so that the glycol_éan'maintain its liquid

state. This upper limit temperature is preferably : .
selected at a degree not éubstaniially oxidizing the
glycol.

When 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 gléss fiber can be'recfcled.

The degradation with glycol is preferably carried out
under a nitrogen atmésphere, in order to prevent oxidation
6f the glycol or the like.

Such degradation of unsatdrated polyester resin waste
with glycol according to the present invéntion can be
carried out by_the follpwing apparatus:

The apparatué 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 reactlon vessel, heatlng
means for-heating the reaction vessel, cooling means for,
cooling the reaction vessel, a stirrer for stirring a
reacted solution in the reaction. vessel, a cooler for
liquefying volatile components, including a subliming
component, geﬁerated in.the reaction veésel, a trap
provided in a path connecting the reacﬁion vessel with the °
cooler for removing the subllmlng component generated in
the reaction vessel, and an outlet port provided in the
reaCtion'Vessel for taking out a degradation liquid
resulting from degradation reaction in the reection
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. |

Aceording to the present invention, further, the
glycolic raw mate;ial ebtainedin ihe 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 dibasie acid,'for
example. Further, it is also poSsible_to synthesize

polyurethane resin by reacting the glycolic raw material

Hlllll M
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with a diiébcyanate compound.

The pre-synthesis of the unsaturated polyester resin
or the polyurethane resin from the glycolic raw material
is preferably carfied 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 saturatéd dibasic acid, both.of which are .
employed in general. Examples of the unsaturated dibasic
acid d&re maleic aﬁhydride, fumaric acid and itaconic acid.
Examples of the saturéted dibasic acid are phthalic'
anhyd:idé, isophthalic acid, terephthalic acid,
tetrahydfophthalic anhydride, methylﬁetrahydrophthalic
' 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
reduction of polyester fiber.

The unsatu:ated_polyéster_:esin can be synthesized by
anIOrdinarj 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
reacﬁant, 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 faw material for synthesizing
éolyurethaﬁelreSin is prepared from toluene diisocyanate,
diphenylmethane diisocyanate.(MDI), naphthalene
diisocyanate, tolidine diisocyanate, hexamethylene
diisocyahéte, isophorone diisocyanate, p-phehylene
diisocyanéte, transcyclohexane 1,4-diisocyanate, xylylene
diisocyanate (XDI), hydrogeﬁerétion XDI, hydrogeneration .
MDI, lysine'diisocyanaté, or tetramethylxylene
diisocyanate. Thé~pquu:ethane resin can be synthesized
by an ordinary method.

The'ﬁnsaturated polyester resin or the polyurethane
resin recycledlin the aforementioned manner cén be
employea as a molding material, an adhesive or a paint.
Such resin is molded by an ordinary molding method such as
hand lay up molding; compression molding, cast molding,
injection molding, reéction :njection molding, transfer
molding or the like.

The aforementioned c.-:r:-<ation and re-synthesis of

unsaturated polyester res.: +~iste éccording to the:present
invention can be carried ;'.Ly the following apparatus:

A recycling apparatu. @ unsaturated polyester resin
waste according to the pr  <. invention comprises-a
reaction vessel, first in}ngtion means for
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injecting glycol into the reaction vessel, second

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 reaétion vessel, cooling means for
cooling the reaction vessel, é stirrer for stirring a
'reacted solutlon in the reaction vessel a cooler for
liquefying volatile components, including a subliming
component, generatéd in the reaction vessel, a ﬁrap
provided in a path.connecting the reaction vessel with the
cooler for removing the subliming compdnent generated from
the reaction vessel, an outlet port provided in the
reaction.veSSel for taking out a degradation liquid

- resulting from degradation reaction in fhe 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 précipitateé by
céntrifugation_through the centfifugal separator, into the
reaction vessel for re~synthééis reaction, fifth injectiocn
means for injecting maleic anhydride into the reaction
vessel, sixth injection means for injecting phthalic
anhydride intd the reaction vessel, sevenﬁh injection
means for injecting styrene into the reaction vessel, an

a nitrogen inlet tube for introducing nitrogen gas into
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the reaction vessel which is under re-synthesis reaction,
for re-synthesizing recycled unsaturated polyester resin in

the reactlon vessel while carrylng' out heating by the

- heating means and stirring by the stirrer. The reaction

vessel may be of e.qg. stainless steel.

Preferably, the reaction vessel is closable.

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

According to the present invention, it is possible to

obtain 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 relatively low temperature through a
relatively .simple operation{ whereby .the unsaturated.
polyester resin waste can be recycled with a relatively
simple equipment. | |

According to the present invention, the‘degradation
rate can be prompﬁed by_carrying'oat the degradation with

glycol under 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, by

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 effeetive for
reducing the cost. Also in consideration of prevention of

oxidation,'the_reaction vessel is preferably closed for
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'cerryrng.eut the reactipn nnder a pressure.

Each of the deéradation apparatus end the recycling
'apparatus for unsaturated polyester resin waste according
to the present lnventlon comprlses a reaction vessel of
stainless. This reaction vessel of stainless is superlor
in resistance against alkali and cen be used at alhigher
temperature, as compared with that of glass. Further, the-.
reaction vessel of stainless has a high torque of |
stirring, whereby the retio of the unsaturated polyester
resin waste to-the glycol can be increased.

In addition, each of the degradatidn apparatus and
the recyéling apparatus for unsaturated polfester resin
waste accordlng to the present invention can be used under
a pressure if the reaction vessel is closable When the
apparatus is used under a pressure, degradation is
effectively prompted since treatment is enabled at a
.temperature exceeding the boiling point of the glycol as
employed.

The foregoing-and other objects, features, aspects
‘and advantages of the present invention will become more
‘apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying 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 pfesent invention; and

Fig. 2 is adapted to illustrate a trap provided in
the épparatus shown in Fig. 1.
DESCRIPTION OF THE PREFERRED EMBODiMENTS

The presént inventién is now described in more
concrete terms with reference to Examples.

(A) Examples Under Normal Pressure

In.ﬁhe following Examples 1 to 16, chippings of
buttons-consistiﬁg of unéatu;ated pdlyester resin were
crushed by a crusher MIYAKO DM-6 (by Miyako Product Co.,
Inc., roﬁational ffequency: 28,000/min., capacity: 150 gq),
and the éowder materials as obtained were passed through

screens having meshes of 300 um for preparing samples.

(Example.l) Degradation with Glycol by EtONa Catalys=:

10 g of.unsaturated polyester resin waste, 100 g of
ethylene glycol, and‘2 g of EtONa were introduced into a
iL three-necked round bottom flask provided with a stirr=e:
and a cooler, and treated at 180°C for 5 hours and then «-
200°C for 8 hours respectively; The reactant ébtained by
such treatment was filtered, washed with tetrahydrofuran
(THF), and dried. 4.5636 g of remainder resin was
filtered out, with a degradation rate of 54.4 §. A THF
.solution was prepared from the'degradaﬁion product, the

molecular weight of which was measured through gel
. “—"—“__'—5;_“\_ . .
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permeation chroﬁatography (GPC) with reference to.standard
polystyrene, to observe values of number-average molecular
weight and (weight-average molecular weight)/(number-
average molecular weight) of 138 and 1. 05 respectlvely
(Example 2) Degradation Wlth Glycol by CH;SO;H

Catalyst

| 10 g of unsaturated polyester resin waste, 100 g of
ethylene glycol, and 2 g of methanesulfonic acid were
'introduced ihto a round bottom flask which was similar to
that employed in Example 1, and treated at 180°C. for 5
hours and then at 200°C for 8 hours respectively. 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 product was subjected to measurement of the
_molecular weight similarly to Example 1, to exhibit values
of number-average molecular weight and (weight-average
molecular welght)/(number average molecular weight) of 186

~and 1.06 respectively.

(Example 3) Degradat::ﬁ with Glycol by MeONa Catalyst
20 g of unsaturated : .. ester resin waste, 40 g of
ethylene glycol, 2 g of ¢ :..n methylate, and 50 ml of
dimethylformamide (DMF) w--:-: ;ntroduced.into a round
.bottom flask which was-s:r .t to that employed in Example
1 and treated at 150°C f-: nours, the DMF was distilled
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away, and thereafter the mixture was further treated at
200°C for 8 hours. The reactant obtained by such
treaﬁment was filtered, washed with THF, and dried.
10.2216 g of remainder resin was filtered out, with a
degradation rate of 48.89.%.
.(Example 4) Degradation witﬁ Glycol bj No Catalyét

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

(Example 5) Degradation.with Glycol under Relatively
Low Temperature |

10 g of unsaturated polyester resin waste, 20 g of
ethylene glycol, 100 ml of THF, and 1 g of EtONa were
introduced intq a round bottom flask which was similar to
that employed in Example 1, and treated at 70°C fof 13
~hours. The reactant obtained by such treatment was
filtered, washed with THF, and dried. 9.7670 g of
remainder resin was filtered out, with a degradation rate
of 2.3 %.

| (Example 6) Degradation with Glycol by NaOH Catalys*

10 g of unsaturated polyester resin waste, 40 g of
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ethylene glycol, and 2 g of sodium hydroxide weré
introduced into a round bottom flask which was similar to
that employed in:Example 1, and treated at 200°C.for 9
hours. The reactant obtained by such treatment was
filtered, washed with THF, and dried. 4.2357 g of
remainder resin was filtered out,-with a degradation rate
éf 57.64 %. |

- (Example 7) Degfadétion with Glycol by NaOH Catalyst

100 g of unsaturatéd polyester resin waste, 120 g of
ethylene glycol and i 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 24
hours. The reactant 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
ethylate and 250 g of dlethylene glycol were added to 46.0
g of the remainder resin, and the mixture was introduced
into é round bottoﬁ flask similarly to the above, to be
treated at 245°C for 8.5 hours. Then, the reactant as
obtained was filtered similarly-ﬁo the aboVe, washed with
THF, and dried. 0.8 g of remainder resin wés filtered
out,'w1th a degradatlon rate of 98 3 %.

(Example 8) Degradation of FRP Waste with’ Glycol

100 g of FRP waste, i50 g of ethylene glycol, and 1 g
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ef.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
such'treatment was filtered, washed with THF, and dried7_
76.52 g of remainder resin was filtered out, with a
degredation rate of 23.43 %.

(Example 9) Degradarion with Glycol by Zinc Acetate
Catalyst - |

10 g of unsaturated polyester resin waste, 40 g of
ethylene lecol,_and'Q.S g of zinc acetate were introduced
into a roundrbottom flask thch was similar to that
emploYed-in Example 1, and treated at 200°C for 7 hours.
The reactant obtained by such treatment was filtered,
washed with THF, and dried. 5.8665'g_of remainder resin
was filtered out, with a degradation rate of 41.34 %.

. {Example 10) Degradation with Glycol by Propylene

.Glycel

10 g of unsaturated polyester resin waste, 40 g of
propylene glycol, and 2 g of sodium methylate were
introduced ihto a rouﬁd bottom flask which was.similar.te
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
remeinder resin was filtered out, with a degradation rate

- of 23.04 %. Values of number"average molecular weight and
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(welght average. molecular welght)/(number average
-molecular weight) obtained through GPC were 293 and 1. 03
respectlvely '

(Example 11) Degradatlon with Glycol by Propylene
Glycol |

20 g of unsaturated polyester resin waste,_40 g of
propylene glycol, and 2 g of sodium ethylate were
introduced into a round bottom flask which was similar to
that employed in Example 1, and treated'at'190°c for 10
hours. The reactant obtained'by snch treatment was
filtered, washed with THF, and dried. 15.3695 g of
.remainde: resin was filtered 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-
obtalned 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 |
_recycled unsaturated polyester resin. Through GPC, the
reein.as obtained exhibited values of number-average
molecular weight and (weight-average molecular
weight)/(number-average molecular weight) of 1,121 and
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1.38 respectively.

(Example 13) Synthesis of Recycled Unsaturaped
Polyester Resin

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) 6f'phtha1ic anhydride were added
thereto, water was disﬁilled away under nitrogen, and the
mixture was reacted at 210°C for 4 hour§, to obtain.68.9 g
of reéycled unéaturated polyeéter resin. Through GPC, the
_resin as .obtained exhibited values of number-éverage
molecular weight and (weight—average molecular
weight)/(number-average molecular weight) of 1,508 and
2.01 respectively. For the purpose of comparison, it is
pointed out that "Polylite 210M" byIDainippon Ink and
Chemicals, Inc. has values of number-average molecular
weight and (weight-average ~clecular weight)/(number-
averége molecular weight) I 1,646 and 3.26 respectively.

45.9 g of styrene was :ided to 68.9 g of the

unsaﬁurated polyéster res. - s:ained_in the aforeﬁentioned
manner, with addition of . - --ach of methyl ethyl ketone
‘peroxide and cobalt nqu:;~t:fe with respect to the total
weight of the unsaturatsz: : - -2ster resin and the styrene
to obtain a resin Cémposin. i whiéh in turn was cast-
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molded.uhder conditions of precuring at 25°C for 2_h6urs
and postcuring at 70°C for 2 hours. The molding as
obtained exhibited bending strength of 132.2 MPé, while a
molding of the aforementioned "Polylite 210M" exhibited'
.bending st:ength of 92.1 MPa.

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

The propflene glycol degradation product (degradation
product of 4.6305 g in propylene leﬁOl of 40 g; 0.525
moi) 6btained in Example'll were neutralized withl
hydrochloric acid, 20.6 g (0.210 mol) of maleic anhydride
and 52.3 g (0.315 mol)'of terephthalic acid discharged in
reducﬁion'of polyester fiber were added thereto, water was
distilled away under nitrogen, and the mixture was reacted
under 210°C for 4 hours, to obtain 69.5 g of recycled
unsaturated polyester resin. Through GPC, values of
number-~average molecularlweight and (weighf—average
molecﬁlar weight)/(numberFaverage molecular weight) of the
resinlas obtained weré 1,500 and 2.00 respectively.

(Example 15) Recycling of Glass Fiber:

50 g of unsaturéted pblyestef'resin "Polylite BS210M
by Dainippon Ink and Chemicals, Inc., containing 30 to 40
% of styrene, was.prepared with addition of 1 % each of
methyl ethyl ketohe peroxide and cobalt naphtﬁanate with

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

—
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“the glass fiber recovered in_Example 8, to obtain a
composité_resin composition. This composite resin
éompositioﬁ was cast-molded under conditions of precuring
at 25°C for 2 hours énd'postcﬁring ét 70°C for 2 hours.
The molding as obtained.exhibited bending strength of 140
MPa. For the purpose of.cbmparison, it is 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 MPa
.respectlvely | |

(Example 16) Synthesxs of Recycled Polyurethane ReSLn_

' 50 g of the ethylene glycol degradation product

obtained in.Example 3 was neutralized with hydréchloric
acid, and 0.05 g of triethylenediamine and 0.15 g of tin
octenate (I1I) were added to and mixed with the same. 25 g
of toluene diisocyaﬁate was.added to and further mixed
with this mixture, which in turn was reacted at 100°C for
1 hour, to obtain polyurethane resin.

(B) Examples on Degradation Under Pressure

In the following Examplés 17 to 25 and'comparative
examples 1 and 2, chippings of buttons consisting of
unsaturated polyester resin weré qfushed into 3 mm in
. grain size by a rotary,cut;er 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, .shavings of ﬁhe buttons were
employed for degradation with glycol as suéh.

Comparative éxamples 1 anq 2 are thus named in
comparison with Examples of degradation under pressures,
.although the same are inventive examples.

{(Example 17) Degradation with NaOH Catalyst under
Pressure

2 g of unsaturated polyester resin waste (chippings),
20 g of ethylene glycol, and 0.2 g of sodium hydroxide
were introduced iﬁtd 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.S %.

| The molecular weight of the degradation product was
measured through GPC similarly fo Example 1. In result,
number-average'molecular weight and (weightfaverage..

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

average molecular weight)/(number—average molecular

—
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weight) were 229 and 1.01 respecti?ely;; At a peak 3 of
- the dégradation pioduct, further,'number-average molecular
weight and (weight-average molecular weight)/(number-
averége molecular weight) wefe l4i and 1.03 reSpecﬁiVely.
At the total peak of the degfadatioﬁ product, number-
avérage molecular weight and (weight-averégé molecular
weight)/ (number-average molecular weight) were 132 and
1.39 respectiVely.

(Example 18) Degfadation witﬁ Naoﬁ Catalyst under
Pressure |

2 g of unsaturated polYesfer resin waste (chippings),
20 g of ethylene glycol, and 0.2 g of sodium hydroxide
Were.introduced into a Qessel which was similar to that of
Example 17, and treated at 270°C.fdr 3 hours. The
reactant obtained by such ﬁréatment was filtered, washed
with water and-THF, and dried. 0.7579 g of remainder
.resin was obtained after the drying, with a degradation
rate of 62.10.%.

(Example 19) Degradation with NaOH Catalyst under
Pressure ' | |

2 g of unsaturated polyester resin waste (chippingst,
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. .6.7213 g of remainder
. resin was obtained after the drying, with a degradation
rate of 63.94 %.

(Example'20) Degradation with NaOH Catalyst under
Pressure | '

2 g.of ﬁnsaturated polyester resin waéte (éhippings),
20 g of ethylene glycbl, and 0.2 g of sodium hydroxide
were introduced into a vessel whicﬁ was similar to that of
Example 17, and treatéd at 290°C for 3 hours. The
reactant obtained by such treatment was filtered, washed
with water and.THF, ahd.dried. 0.4891 g of remaindér
resin was obtained after the drying, with a degradation
rate of'§5.55_%.

The molecular weight of the degradation product was
-measured through GPC similarly to Example 1. In result,
number-average molecular weight and (Weight-average
molecular weight)/(number-average moleCuiar weight) were

235 and 1.01 respectively at a peak 1 of the degradation

product. At a peak 2 of th- degradation product, ngmber;
average molecular weight :..: weight-average molecular
weigﬁt)/(humber-average r .- ular weight) were 156 and
1.02 respectively. At t:. - -2l peak of the dég:adation
product, nﬁmber-average © ... lar weight and (weight—
average molecular weight © . rar-average ﬁolecular

weight) were 156 and 1.C- :.--rectively.
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(Comparétive Example 1) Degradatipn.with NaOH
Catalyst Under Atmosphere |

10 g of unsaturated polyester resin waste
(chippings), 40 g of ethylene glycol, and 2 g of sodium
hydroxide were introduced-into a 1L three-necked round
bottom flask provided w1th a stlrrer and a cooler which
was similar to that of Example 1, and treated at 200°C for
9 hours. 'The reactanﬁ obtained by such treatment was
filtered, Qashed with THF, and dried. 4.2357 g of
:remainder resin was filtered out, with a degradation rate
of 47.64 %. |

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

2 g éf FRP wasfe, 20 g of ethylene lecol, and-0.2 g
of sodium hydroxide were introduced into a vessel which
was similar to that of'Examplé-l7; and treated at 290°C
for 7 hours. The reaétant 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 degradation rate of 64.73 % with
respect to the waste FRP.

The molecﬁlarIWeight of the degradation product was
measured througﬁ.GPC similarly to Examplell. In result,
number—avérage moleéular weight and (weight-average

molecular weight)/(number—average molecular weight) were

1
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243.and.1.05 respectively at:a peak 1 of the degradation
product. At a peak 2 éf the_degradation product, number-
~average moleculér weight aﬁd (weight-average moleCular
weight)/(number-average molecular weight) were 131 and
1701.respectivelyf At the total ﬁeak of the degradation
product, number-average molecular weight and (weight-
average molecular weight)/(number-average molecular
weight) were 190 and 1.13 respectively.

| (Compa;ative Exampie 2) Degradation of FRP with NaOH .
Catalyst Under Atmosphere o |

100 g of FRP waste, 150 g of ethylene glycol, and 1 g
of sodium hydroxide were introduced into a 1L three-necked
round bottom flask provided with a stirrer. and a cooler
which wés similar to that of Example'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 remainder resin was filtered out, with a degradation
rate of 23.43 %. |

(Example 22) Degradation Qith MgQ Catalyst under
Pressure \

2 g of unsatgfated polyester resin waste (chippings),
| 20 g of ethylene glycol, and 0.2 g of magnesium hydroxide
were introduced into é vessel whiéhlwas similar to that of
Example 17, and tréated_ai 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) Degradation with Ba0 Catalyst under
'Pressﬁre |

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 250°C for 5 hours. The
reactant obtained by such treatment was filtered, washed
with diluted hydrochloric acid and THF, and dried. 0.8967
g of remainder resin was obtained after”the drying, with a
degradation_raﬁe 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'into a vesseiwhich was similar to that of
Example 17, and treated ét 250°C for 5 hours. The
reactant obtained by such treatmeﬁt‘ waé filtered, washed
with diluted hydrochloric acid and THF, and dried. 0.8924
g of remainder resin was obtained after the drying, with al
degradatlon rate of 55.38 %. |

(Example 25) Degradatlon with zinc Acetaté Catalyst

under Pressu:e
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_2.g'of.unsaturated polyester.resin waste (chippings),
20 g of ethylene glycol, and 0.2 Q of zinc acetate were
lntroduced into a vessel which was SLmllar to that of
Example 17, and treated at 250°C for S hours The
reactant obtéined by such treatment was filtered, washed
with diiuted hydfochloric 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 Stainlesé

Fig. 1 séhematically illustrates the structure of an
exemplary recydling apparatus for unsaturated_polyeSter
resin waste according to the present invention. |

| Reférring to Fig. 1, this apparétus comprises a
stainless 100L reaction vessel 1 which is closable, a
first tank 2 storing glycol to be injected into the
reaction vessel 1, a second tank 3 storing sodium
hydroxide to be injected into the reaction vessel 1, and 4.
Ithird tank 4 for_stdring unsaturated polyester resin was:.-
to be'injected inté the readtion vessel 1.

The reaction Qéssél 1 is provided with a heating an<i
cooling mediﬁm Boiler 5 for heating the reaction vessel .
and a stirrer 6 which is rotated by a motor 20 for
stirring a reacted solution in the reaction vessel 1.

The reaction vessel 1 is.further provided with a

cooler 7 for liquefying wvolatile components which are
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generatéd in the reacfion vessel 1, and a receiver 8 fér
receiﬁing the liquid resulting from such liquefaction by
the cooler 7. |

The volatilé compoﬁents genefated in the reaction
vessel 1 include a sublimable component such as phthalic
acid, which maj be solidified to block a tube portion of
the cooler 7 Qheh the same is directly fed into the cooler

7. In this apparatus,-thérefore, 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
ﬁhe sublimable compdneﬁt such as phthalic acid. |

The reaction vessel 1 is further providéd with an
outlet port 10 for'taking out a degrad&tion liquid
resulting-ffom degradation reaction in the reaction vessel
1.

This apparatus furthe; comprises a centrifugal
separxatoxr 12 for.rémoving_an unreactant and a filler such
as glass fiber from the cegradation liquid which is taken.

out from the outlet port ..

.In addition, this a:: :ritus further comprises a
fourth tank 13 storing :t:.. r-:yradation liquid,'which is
subjected to removal of :: -:pitates by centrlfugatlon,

- for injecting the same I:: -2 reaction vessel 1 again
for making re;synthesis - *.z2n, a fifth tank 14 storing
maleic anhydride to be i: --7ted into the reaction vessel

. R ———
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1, a sixth taﬁk 15 storing.phthalic anhydride to be
injected into the reaction vessel 1, a seventh tank 16
storing styreﬁe to be injected into the reaction vessel 1,
and a nitrogen inlet tube 18 for introducing nitrogen gas
into the reaction vessel 1 which is under re—eynthesis
reaction. |

'Through the recycling apparatus having the
aforémentioned structure, degradation and re-synthesis
reaction of unsaturated polyester 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 drivejthe cooler 7. Volatile eomponents which.are:
generated duringereaetion 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,cdmponent such as phthalic acid is
removed by the trap 9 before the same reaches the cooler
7.

Then, the stirrer 6 is rotated by the motor 20, to
start stirring the solutien contained in the reaction
- vessel 1. Then, sodium hydroxide for serving as a
catalyst is'injected into the reaction vessel 1 from the
second tank 3, and thereafter the reaction vessei 1l 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 tank 4; to make degradation
ieaction; |

~After completion of the degradation reaction, the
heating medium boiler 5 is switched to éooling, for
cooling the reaction vessel 1 to a prescribed temperature.
Then, a valve 11 is opened to take out the degradation
liquid from the reaction vessel 1 through the outlet port
10. The degradation liquid as taken out is centrifuged by -
.the'centrifugal separatof 12 for removai-of precipitates,
énd thereafter fed to the fourth tank 13 by a pump 17.

The~degradation liquid resulting from the
aforementioned degradation reaction is again injected.into
the reaction vessel 1, for re¥synthesis réaction.

“Then, maieic anhydride is injected into the reaction
vessel 1 from the fifth tank 14, and phthalic anhyaride is
fﬁrthef injected from the sixth tank 15. Then, the
.reaction vessel 1 is heated by the heating medium boiler
5, to make re-synthesis reaction. In the re-synthesis
reaction; nitrogen gas is introdﬁced into the reaction
véésel_l.fhtough the nitrogen inlet tube 18, so that the
‘reacted solution is stirred by the stirrer 6.

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

16, to obtain recycled unsaturatédlpolyester 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 thrdugh thi§ apparatus.'

" In the following_Examples_26 to 30, chippings of
buttons consistingiof unsatuiated polyester resin were
crushed.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.preparing samples..

| On the other hand,'shavings 6f the buttons were
employed for degradation with glycol as such.

' (Example 26) Degradation with Ethylene Glycol in
Apparatué of Stainless -

| 40 kg of ethylene glycol was introduced inﬁo the
stainless 100L.reac£ion vessel 1 from the_chemical
injection tank 2, and cooling Qatér was fed.to drive the
cooler 7 while the stirrer § was rotated to start stirring
at 24 rpm. |

Then, 800 g of'soaium ~ydroxide was introguced into
the reaction vessel 1 from the cheﬁical injection tank 3,
and the.temperature was increased by the heating medium
boiler 5. Then, 20 kg of unsaturated polyester buttoh
shavings were introduced into the reaction véssel 1 from
the tank 4. |

After the temperature was raised up to 197°C,
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 treatment was made for 4 hours and 40 minutes. :Afper
reaction, the heating medium boiler 5 was switched ﬁo
cooling for cooling the'reaCtion.vessel 1 to 150°C, and
thereafter the valve 11 providéd on the lower portion of
‘the reacﬁibn vessel 1 was opened to remove undegraded
materials by the-centrifugal seéara;or’lz. A degradation
iiquid of 43.45 kg was obtained, with'a degradation rate
of 17.25 %. ' |

The molecular weight of the degradation product was
meaéured through GPC similafly to Exémple 1. :In resulf,
numberéaverage'mOlecuiar weight and (Weight—average_
molecular weight)/(number—average molecular weight) were
247 and 1.05 fespectivély at a peak 1 of the degradati§n
product. At a peak 2 of the degradation product, number-
aVerage molecular weight and (weight-average molecular
weight)/ (number-average molecular weight) were 147 and
1.03 respectively. At the total peak of.the degradation
product, number-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 Stainless | |

50 kg of diethylene glycol was introduced into the
stainless 100L reaction vessel 1 from the chemical

injection tank 2, and cooling water was fed to drive th.
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cooler 7 while the stirrer 6'wes rotated to start stirriﬁg
at 24 rpm.

Then, 800 g of sodium hydroxide was introduced into
the reaction vessel 1 from the chemical injection tank 3,
and the temperature weé increased by the heating'medium
boiler 5. Then, 30 kg of unsaturated polyester button
shavings were introduced into the reaction vessel 1 from
the tank 4.

After the temperature.was raised up to 230°C,
treatment was made for 10 hours. After reaction, the
heatihg mediuﬁ.boiler 5 was switched to cooling for
cooling the reaction vessel 1 to 150°C, and thereafter the
valve 11 provided on the lower portion of the reactien
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 degradation product was
measured through GPC similarly to Example 1. In result,

number-average molecular waisht and (weight-average

molecular weight)/(number-:..:rage molecular weight) were
2,084 and 1.14 respectiv--. : a peak 1 of the degradation
.product; At a peak'2 of -:.. fegradation product, number-
average molecular.weight L ~eight-average molecular |
weight)/(number-average - .--;lar'Weight) were 300 and
1.02 respectively. At 2 :--:= 3 of the degradation

R
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product, number-average molecular weight and (weight-
average molecular welght)/(number average molecular
weight) were 155-and 1.02 respectively. At the total peak
 of the degradation product,-number—average molecular
weight and (weight-average molecular weight)/(number-
average molecular weight) were 333 and 2;93 respectively.
kExample 28) Degradation witthriethyiene Glycol in
Apparatus -of Stainless |
| 50 kg of triethylene glycol was introduced iﬁto,the
etainless_lOOL reaction vessel 1 from the chemical
injection tank 2, and cooling water was fed to drive the
cooler 7 While-the'stirrer 6 was rotated to start stirring
at 24 rpﬁ.

Then, 800 g of sodiuﬁ hydroxide was introduced 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 of unsaturated polyester button
shavihgs were introduced into the reaction vessel 1 from
the taﬁk 4.

After the temperature'was raised up to 250°C,
treatment was made for 5 hours. After reaction, the
heating medium boiler 5 was sQitched to cooling for
'cooling the reaction vessel 1 to 150°C, and thereafter.thw
valve 11 provided on the lower-pertion of the reaction

‘vessel 1 was opened to remove undegraded materials by th.
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- centrifugal separator 12. A degradétion liquid of 72.6 kg
was obtained, with a deg#adatién rate of 77.93 %.

The molecular weight of the degradation product was
measured through GPC similarly'to Example 1. 1In result,
number-average moleculaf weightland (weight-average
molecular weight)/(number-average molecular weight) were
2,744 and 1.16 respectively at a peék 1 of the degradation
product. At a peak 2 of the degradafion prbduct, number-
average molecular weighf and (weight-average molecular .
wéight)/(number;average molecular weight) were 893 and
1.05 respectively. At a peak 3 of the degradation
préduct,"number—average molecular weight and.(weight—
average molecular weight)/(number—average molecular
weight) were 462 and 1.03 respectively. At the total peak
of the degradatioh product, humber—average molecular
weight and (weight-average molecular weight)/(humber—
average molecular weight) were 586 and 1.53 respectively.

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

40 kg of the ethylene glycol degradatlon product
obtained in Example 26 (ethylene glycol equlvalent: 10.75
mbl/kg, analyzed by ﬁhthala£ion in Bunseki Kagaku Binran,
edited by The Japan Society for Analytical Chemistrj, D-
_316 (1971), by Maruzen Co., L;d.) was introduced ihto the

reaction vessel 1 from the chemical injection tank 13, and
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neutralized with hydrochlofic acid. Then, 16.9 kg of
maleic anhydride was_injected into_the reaction vesgél 1
from the chemical iﬁjection tank 14, 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 wasldistilled away
.by heating, and reaction was made at 210°C for 4 hours;
| Théreafﬁer the reaction.vessel 1l was cooled to 80°C,
| and 13.6 g of hydroquinone and 37.4 kg of styréne waere |
added from the'chemical injection tank 16. Thus, recycled
unsaturated pblyestér resin of 124.8 kg was obtained.
This recycléd iesin was.stored in the tank 19.
| The molécular weight of the resin as obtained was
measured through GPC similarly to Exémple 1. In result,
number-average molecular weight and (weight-average
molecular'weight)/(number~ave:age molecular weight) were
1,274 and 1.62 respective.w. For reference, it is pointed
out that "Polylite 210M" by nainippon Ink and Chemicals,
Inc. has number-average moleculaf weight and (weight-
_ average molecular weight)/(number -average molecular
-weight) of 1,646 and 3.26 respectively.

(Example 30) Re- Synthesis of Unsaturated.Polyester.
Resin

60 kg of the triethylene olycol degradation product
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obtaihed in Example 28 (ethylene 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 i from 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
L/h. from the nitrogen inlet tube 18, and'stigr;ng was
made by the stirrer 6 at 84 rpm'wﬁile.resulting water was
distilled awaf by.heating, and. reaction was.made at 200°C
for 3 hdﬁrs. | |
Thereafter ;ﬁe reaction vessel 1 was cooled tb 80°C,
"and 10.10 g of hydroqﬁinone and 30.35.kg of styrene were
added from the chemical injection tank 16. Thus, recycled
unsaturated polyester resin of 101.2 kg wés obtained.
This recycled resin was stored in the tank 19.
| The ﬁolecular weight of the resin as obtained was
measured through GPC similarly to Example 1. 1In result,
'numper-average molecular weight and (weight-average
molecuiar weight)/(number-average molecular weight) wer«
906 and 1.61 respectively. For réferencé, it is pointe:
out that "Polylite 210M" by Dainippon Ink and Chemicals,
Inc. has number-average molecular weight ana (weight-

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

Although the present lnventlon has been descrlbed and :

- illustrated in detail, it is clearly understood that the

same is by way of illustration and example'only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of

the appended claims.
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WHAT IS CLAIMED IS:

1. A method of recycling unsaturated polyester resin
waste, comprising the steps.of:

preparing unsaturated poiyester resin waste; and

degrading said unsaturated polyéster resin Qaste 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
includes”a 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 um is employed

in said screening step.

5. A method in accordance 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 polyéster resin waste.

6. A method in accordance with claimls, wherein séid
glycol includes one seiectéd from the group_conﬁisting of
ethylene glycol, propylene glycol, diethylene_glycoi,
dipropylene glycol, triethylene glyéol, polyethylene
giycol,'tripropylene glycol, polypropylene glycol,
neopentyl.glycol, 1,3-bﬁtanediole, 1,6-hexanedioie,
bisphénol A hydride, bisphénol A proﬁylene 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 accordénce with claim 7, wherein said
catalyst includes one selected from.the group consisting
of sodium'methylate, sodium 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

polyester resin, comprising the
, ThlS Sheet Has Been Repl
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steps of:
preparing waste; and
degrading said waste with glycol, thereby obtaining

. glycolic 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 pum 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 dipropylene glycol, trlethylene glycol,
polyethylene glycol, trlpropylene glycol, polypropylene
glycol, neopentyl glycol, 1,3~butanedlole, 1,6-
hexaﬁediole, bisphenol A.hydride, bisphenol A propylene

oxide adduct, and dibromoneopentyl 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 in 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, magnesxur

oxlde, barium oxlde and calc1um 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-
waste 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 reacting said glycolic raw material

with dibasic acid.

21. ‘A method in.acéordance with claim 20, wherein
said dibasic acid includes unsaturated dibasic acid
selected from the group consisting of maleic anhydride,
-fumaric acid and itaCdnic'acid, and'satufated dibasic acid
selected from the group consisting of phthalic anhydride,
isophthalic acid, terephthalic acid, tetrahydrophthalic
anhydride,.methyltetrahydrophthalic énhydride,
endomethylenetetrahydrophthalic anhydride, adipic acid,
sebacic acid, chlorendic acid (1,4,5,6,7,7-
hexachlorobicyclo [2,2,1]—i—héptene-z,3-dicarboxylié

acid), and tetrabromophtha.:i: anhydride.
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22. A method in acéordance with claim 20, further
_ Comprising é step of feedihg 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 claim 23,'wherein'

' said diisoéyanate compound includes one selected from the
grdup consisting of toluene diisocyanate, diphenylmethane
diisocyanate (MDI), néphthalene diiéocyanaté, tolidine
diisocyanate, hexamethylene diisocyanate, isophorone
diisocyanate, p-phenylene diisocyanate, transcyclohexane
1,4-diisocyanate, xylylene diisocyanate (XDI),
hydrogeneration XDI, hydrogeneration MDI, lysine

diisocyanate and tetramethylxylene diisocyanate.

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

compound.

26. An apparatus for degrading unsaturated polyest:-:
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This Sheet Has

N I"IIII I"lll IIII I li "

-



\ .
THIS SHEET HAS BEEN
_REPLACED !

v

* c L M K *

_4.5_

resin waste, comprising:

a reaction vessel of stainless steel;

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

second injection means for injecting a catalet into
said reactidn vessel;

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

- heating means for heating said reaction vessel;
" cooling means fot cooling said reaction vessel;

a stirrer for stirring a reacted solution in said
reactionfvessel;

a cooler for liquefying volatile components,
including a subliming coméonent, being'generated in éaid
reaction vessél; |

a_trap being provided in a path connecting said
reaction vessel with said cooler fér removing said
subliming component being generated in said reaction
vessel; and

an outlet port being provxded in said reaction vessel
for taking out a degradation liquid resultlng £rom

degradation reactlon 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'accordéhce with claim 26,
wherein said unsaturated polyester resin waste includes
‘waste of a fiber reinforcéd“plastic product containing

gldss fiber.

.29. An appéfatus for recycling unsaturated 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
saia reqction vessel; |

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

heating means for heating said reaction veésel;

cooling means for cooling said reaction'vessel;

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

a cooler for liquefying volatile components,
inéluding a subliming componeﬁt, being generated in said
reaction vessel;

a tfap.being provided in a path connecting said
' reéction'vessel with said cooler for removing said
sublimihg component being gemerated in said reaction

vessel;
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an outlet port being provided in said reaction veésel
for taking out. a degradation liquid resulting from
degradation reaCtion_in said reaction 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 removéi of
precipitates by centfifugation through said centrifugal
' separator, into said reaction vessel for re-sYnthesis
reaction;

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

sixth injection meahs for 1n3ect1ng phthalic
anhydride into said reaction vessel;

seventh injection means for injecting étyrene into
said reaction vessel; and |

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

for re-synthesizing recycled uﬁsaturated polyester
resin in said reaction vessel while carrying out heating

by said heating means and stirring by said stirrer.

30. An apparatus in_accdrdancé with claim 29,

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

glass fiber.
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