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METHOD OF RECYCQ&NG UNSATURATED PCOLYESTER RESI N WASTE AND RECYCLI NG
APPARATUS ABSTRAET,OF THE DI SCLOSURE Provided are a=pethod which cap . .
recycl e viaste by ® chemically treating unsaturated pol yestleriresi:p-Wagte 7.
resuliting from manufacturing of buttons or waste of fiber; reintaiced: ="
pl astic products containing glass fiber, for exanple, ard-ebtai-aiAg-—.___
I ndustrially useful raw material, and an apparatus for carrying out the
met hod. Namely, wunsaturated polyester resin waste is degraded with Qjmq_q.b

1 1Pps 5
MY

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

i 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

i .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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to obtaln glycolic raw material. This degradation is preferably made under
a pressure. It is possible to synthesize unsaturated polyester resin by
reacting this glycolic raw material w th unsaturated dlbasrc aci-d-and--.

T

saturated dibasic acid. It is also possible to synthesize ;pblyuréihame“JltN 5
resin by reacting the glycolic raM/naterlaI with a dllsocyanale‘ i

Fi gure 1 . . , B ---":':.:::;—_-_—_-.::::-::-::f'.'f
| -2— .

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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TI TLE OF THE | NVENTI ON Met hod of Recycling Unsaturated Pol yester

Resin Waste “and Recycling Apparatus BACKGROUND OF THE | NVENTI ON Field.of=
the Invention - - The present invention relates to a nethod‘of“ﬂrecxsggeg i
unsat ur at ed- pol yester resin waste and a recycling apparatusﬂ‘aﬂ P”R 8D
particularly, it relates to a method of recycling unsaturptqgﬂgﬁg¥ee£E£===;~
resin waste by chemcally treating the sanme and obtainin r‘HUstrlaIIy

-3~

inevitably requires a_specific_equipment. Further, glass
fiber contained in_the FRP is deteriorated due to the high
temperature. |

SUMMARY OF THE INVENTION

Aceordingly, an object of the present invention is to
érovide a method of recycling unsatu:ated polyester resin
waste by chemically treating the same and obtaining
industriaily valuable raw material with a simple
equipment, i.e., a method of chemicaily recycling
unseturated polyester resin waste, and an apparafus for
carryiné'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 waete with glycol, thereby
obtaining glycolic raw material. |

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

The present invention

¥}

applicable to recycling of

not only waste of the afcr.-rantioned resin employed for
manufacturing buttons, bu- :.:neral unsetureted polyester
resin waste. The unsatur: - : nolyester resin to which the
present invention is app..--: may contain a filler of
calcium.carbonate or the ..-.-, -r may be composed Qith

glass fiber or the like.
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val uable raw material, .and an apparatus for carrying out the mnethod.
Description of the Background Art For exanpl e, nost of buttons are

made of unsaturated polyester resin. Such buttons are manuf, ured_by
punching out an unsaturated pol yester resin sheet and cutti qHQyéﬁgge

I nternmedi ate products as obtained. In the manufacturing stjps hapgy H;gBFEN]
about 50 % of the raw material is wasted as chi ppi ngs and -

n—

probl'em of waste disposal also arises in relation to fiber reinforced
pl astic products such as FRP ships and bathtubs having matrices of
unsat urated pol yester resin. Thus, it

'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 CHain,type ihpact crusher, a
shear crusher, e cutting crusher, a roll, cohveyor 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, glycol 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,

e —
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is desirable to recycle such unsaturated polyester resin
However, it is inpossible to renelt and renold waste

-2- of the unsaturated pol yester resin, which is therng

M.B tn
THIS SHEET HAS B::EN
ett i IREPUAGEDN

havi ng a three-di nensional network structure, dissimlarl

Ot Ol

‘thernopl astic resin such as pol ypropyl ene, for exanple. Further, the

unsaturated

...5_'

calcium oxide, for example. However, it is possible to

carry out the degradatlon with glycol without employlng

such a catalyst

In the degradation with glycol, a temperature of

about 150° to 250° is preferably supplied.' The upper

limit 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 substantially 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 glass fiber can be recycled.

The degradation with glycol is preferably

carried out

under a nitrogen atmosphere, in order to prevent oxidation

of the glycol or the like.
Such degradation of unsaturated polyester
with glycol according to the present invention

carried out by the following apparatus:

resin waste

can be

The apparatus for degrading unsaturated polyester

resin waste according to the present invention

reaction vessel,first injection means for

comprises a

injecting glycol into the reaction vessel, second
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polyester resin cannot be dissolved in a solvent. To t hirs. endh t here
has: been made study on a method of pul verizing fiber reinfor ARl G s
(FRP) waste having a matrix of unsaturated pol yester resin apd

the same as a filler (Yoshihiro Fukuda, Kagaku to Kogyo (GCs
60 (1994)). However, the inventors have confirned that this nethod
encounters such a problenlthat the strength of the recycled resin, which
is reduced as the anount of the waste pggger is increased, entirely
depends on the anpbunt of new unsaturated pol yester resin. Ther e has
been nmade another study on a nethod of degrading the aforenentioned FRP
‘under a steam at nosphere

' 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 véssel, 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'fof removing the subiiming component generated in
thé reaction vessel, and an outlet port provided ih the
reaCtion'Vessel for taking out a degradation liquid
resulting from degradation reaction in the reéction
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. |

Acgording to the present invention, further, the
glycolic raw mate;ial ébtainedin 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 dibasié acid,'for
example. Further, it is also poSsiblé_to synthesize

polyurethane resin by reacting the glycolic raw material

This Sheet Has Been Re ’i
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.at a tenperature of 500[err]C for .obtaining conmponents such as phthalic
aci-d (Yoshinari Kobayashi, Kagaku to-Kogyo (Osaka), 66 (10), 452 (1992):
Kazuhi de Hamada, Jun Fbsokama and Masashi N shiyanma, Kobunshi R

9 (8), 655 (1992); Yoshi.o Kobayashi, Dai 42-Kai Kobunsh -nMQ&*ﬁﬁaugayg=EN
Koen Yoshishu, p. 134 (1994)). Further, a stem pyrolytic{furnagerfacedRP

has- al so been devi sed. - However, - t he hlgh t enper at ure of BEGFeEFFETFS

necessary for thernally degradlng t he FRP, -and hence thls met hod

‘_7'

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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inevitably requires a specific equi pnment. Further, glass
inthe FRP is deteriorated due to the high tenperature.
| NVENTI ON ~ Accordingly, an object of the present invg
provi de a nmethod of recycling unsaturated pol yester resin ; :
chemcally treating the same and obtaining industrially valuable raw.
material with a sinple equipnment, i.e., a nethod of chemcally recycling
unsat ur at ed pol yester*resin waste, and an apparatus for

_8_

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
diisocyaaate, isophorone diisocyanate, p-phehylene
diisocyanate, transcyclohexane 1,4-diisocyanate, xylylene
diisocyanate (XDI), hydrogeﬁeration XDI, hydrogeneration .
MDI, lysine'diisocyanaté, or tetramethylxylene
diisocyanate. Thé~pquu:ethane resin can be synthesized
by an ordinary method.

The'ansaturated polyester resin or the polyurethane
resin recycledlin the aforementioned manner can 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, reaction :njection molding, transfer
molding or the like.

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

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

A recycling apparatu. @ unsaturated polyester resin
waste according to the p:f <. invention comprises-a

reaction vessel, first inj.-ction means for

- e
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carrying out the nethod. , In order to solve the aforenentioned
~technical = problens, the inventive nmethod of recycling unsa{ur“-ed“‘—*cégwi

pol yester resin waste conprises a step of degradi ng unsaturat
resin waste with glycol, thereby obtaining glycolic raW\naterﬁ%ﬁ AC
Preferably, the degradation with glycol is carried out UnNdér a pressure.
The present invention is applicable to recycling of not only waste of the
af orenmentioned resin enployed for manufacturing buttons, but general

unsat ur at ed polyester resin waste. The unsaturated polyester resinto

whi ch the : -9-

injecting glycbl.into'the'reactiqn Qessel, 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

Ww




preseng invention is applied may contain a filler of calciumcarbonate or

the like, or may be conposed with glass fiber or the |ike.
-4-- - According to the-present invention, the unsatur&iﬁﬂ&’}%@f %ﬁﬁ;? EN-
t h

resin waste is preferably crushed and thereafter degr aded

t hat degradation of the waste —10-

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
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 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'oﬁt the degradetion with
glycol ﬁnder 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

R
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with glycol

or schain

conveyor -

rod mll
crushi ng
a screen
“exanpl e.
enpl oyed

Is preferably m nim zed,

for the degradation with glycol_

is.further facilitated. The waste can be crushE Wb SheaT

type inpact crusher, a shear crusher, a cutting c usmth¢14

screw type conpression crusher, a stanp ml|

%“E‘éEN

According to the present |nvention, gl ycol which is

‘propyl ene gl ycol, diethylene glycol, dlpropylene gl ycol, triethylene:

gl ycol

carrying out the reaction under a pressure.

Each of the degradation apparatus and 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 superior

in resistance against alkali and can be used at a higher

or the like. The grain size of the waste powder obtai ned by such
such that powder which is passed through
having neshes of 300 [err]mis advantageously enployed, for :
f-prepared from ethyl ene glycol

polyethylene._glycol, tripropylene'glycol, pol ypr opyl ene gl ycol,

temperature, as compared with that of glass. Further, the

reactlon vessel of stalnless has a high torque of
stirring, whereby the ratio of the unsaturated polyester
resin waste to the glycol can be increased.

In addition, each of the degradatidn apparatus and
the recy@ling apparatué for unsaﬁurated pol?ester resin
wéste acéording to the preéent invention can be used under
a preésure if the reaction vessel is closabie. When the
apparatus is used ﬁnder 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

This Sheet Has Been Rcilace




neopent yl
bi sphenol

In the degradation with glycol, a catalyst is preferably en@loye& E P =D

cat al yst

glycol, 1,3-butanediole,. 1,6-hexanediole, bisphenot=A- hydrlde~w~~V“T

A propyl ene oxi de adduct, di brononeopentyl glycolndﬁuwhe-fiké»>duuﬂ

j

il.

is prepared from sodium nethyl ate, sodi um et hyl at eT=sodium
hydr oxi de,

net hanesul fonic acid, or netal acetate such as zinc .acetate,
magnesi um acetate, calciumacetate, lithium acetate, sodium acetate,
magnesi um oxi de,, bari um oxi de, or - -l2- : '

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 degradation product, the

molecular weight of which was measured through gel
. “—"—“__'—5;_“\_ . .
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cal cium oxi de, for exanple. However, it is possible to carry out the
degradation with glycol w thout enploying such a catalyst. =====:tp the.
degradation with glycol, a tenperature of about 150[err] to REO[=ry o
preferably supplied. The upper limt of the tenperature rafge oh‘aaguti,
250[err]Cis selected in relation to the boiling point of '
enpl oyed, so that the glycol can maintain its liquid state. This upper
limt tenperature is preferably -13-

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

This Sheet Has Been Replaced
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sel ected at a degree not substantially oxidizing the glycol. When
waste FRP is treated, the tenperature which is supplied i |
with glycol will not deteriorate the glass fiber containe ﬂﬁSﬁha+ﬁmaq
hence the gl ass fiber can be recycled. The degradati j
preferably carried out wunder a nitrogen atnosphere, in order o*ﬁFeventzz A
oxidation of the glycol or the like. Such degradation of unsaturated
pol yester resin waste wth glycol accolétng to the present invention can
be .carried out by the foll ow ng apparat us: - " The apparatus for
degradi ng unsaturated pol yester '

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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resin waste according to the present invention conprises a reaction
vessel first injection means for injecting glycol into the reaction vessel
second o i njection means for injecting a catalyst. _into. the
reaction vessel, third injection rneans for injecting un%apura'fﬁ"l
pol yester resin maste Into the reaction vessel, heatlng

_15_

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 giycol 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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means for heating the reaction vessel, cooling means for cooling the
reaction vessel, a stirrer for stlrrlng a reacted solution in the reaction
vessel, a cool er for l'iquefying volatile conponents, ingpieing a subI|n1ng
conponent, generated in _the reaction vessel, a trap pro Idﬂd‘hﬂ&éL
connecting the reaction vessel with the cooler for renoying the~S
conponent generated in the reaction vessel, and an outl gf= ﬁﬁiirpLOVL
the reaction vessel for taking out a dggradation liquid resulting Trom-
degradation reaction in the reaction vessel. The reaction vessel may be of
e.g. stainless steel. Preferably, the.reaction vessel is closable.

ed|

whpered |

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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The éatalyst

is prepared from sodi um hydroxide, for exanple.

Acecording to the present invention, further, the glycoli '“Tamrnagerw
obtained in the aforenenti oned nmanner can be effectlvelgaugéq“as oW

materi al

f or

it 51ES)

obtaining industrially useful resin. For

];__,_.______ y

BEEN

possi bl e to synthesize unsaturated polyester resin by reacting the
glycolic raw material w th dibasic acid, for exanple. Further, it is

possible to synthe5|ze pol yur et hane reéln by reacting the glycolic raw

mat eri al

(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 inﬁo 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

remainder 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-

obtained in Example 3 was neutralized with hydrochloric

water was distilled away under nitrogen, and the mixture

was reacted at 210°C for 2 hours, to obtain 92.1 g of

_fecycled unsaturated polyester resin. Through GPC, the

resin 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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acid, 74.8 g (0.644 mol) of maleic acid was added theretc,



with a, diisocyanate conpound. The pre-synthesis of the unsaturated
polyester resin or the polyurethane resin fromthe glycolie raw. material
is preferably carried out under a nitrogen atnosphere, in g ders;t: 'i;,"
oxi dation of the glycol. The dibasic acid enpl oyed fpr synihes zl,”
the -unsaturated pol yester resin includes unsaturated di basi ¢ aeld-a_d;%
saturated di basic acid, both of which are enployed in general. Exanples of ~
t he unsaturated dibasic _18- _ :

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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acid are mal eic anhydride, fumaric acid and itaconic acid. Exanples of the
saturated dibasic acid are phthalic anhydride, isophthalic acid, :
terephthalic acid, tetrahydrophthalic- anhydride, nethylt La LHLKHHJEﬂ iC

anhydri de, endonet hyl enet et r ahydr opht hal i ¢ anhydri de, +%S%ﬁi§57§gygcrc1'

acid, chlorendic-acid (1,4,5,6,7,7- hexachl orobicylo . REPLACED
[ 2, 2, 1] - 5- hept ene- 2, 3- dlcarboxyllc acid), and tetrabrono
anhydride. The terephthallc acid can bg,prepared fromthat discharged
t hrough al kali reduction of polyester ber. - The unsat ur at ed
pol yester resi'n can be synthesized by an ordlnary met hod of settlng a
reaction tenperature of

molded under conditions of.precurlng at 25°C for 2 hours

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

————e
e
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140[err]C to 230[err]C, condensing the material for 2 to 6 hours while
distilling water away under nitrogen, cooling the reactant, . thereafter
i ntroducing 30 to 40 % of styrene. therein, and addlng 0. 02 garf‘of“"

hydr oqui none for serving
pol ynmeri zation inhibiter. On the other hand, the dllsegy@ﬂh
conpound which is : )

=20~ .

“the glass fiber recovered in_Example 8, to obtain a
composite_resin composition. This composite resin
eompositioﬁ was cast-molded under conditions of precuring
at 25°C for 2 hours end'postcﬁring et 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 conteining 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 hydrechloric
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 diisocyaeate 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 Examples 17 to 25 and'comparative
examplee 1 and 2, chippings of buttons consisting of
unsaturated polyester resin were 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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reacied with the glycolic raw material for synthesizing polyurethane resin.
i s»prepared fromtol uene diisocyanate, diphenyl nmethane did { MDI ) ,
napht hal ene  diisocyanate, tolidine diisocyanate, hexanmethyigngy

di i socyanate, isophorone diisocyanate, p-phenylene diis yanaqﬁgilgégBEEN
transcycl ohexane 1, 4-dii socyanate, xylylene diisocyanat

hydr ogenerati on XDI, hydrogeneration MDD, |ysine d||socyanéte or
tetranet hyl xyl ene’ diisocyanate. The popyurethane resin can be synthesized
by an ordinary net hod. The unsaturated polyester resin or the

pol yurethane resin.recycled in the.aforenentioned manner can be enpl oyed
as a nDIdlng material, an adhesive or a paint.

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 - - - : L

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

“’ﬁﬁ'iiﬂ‘fiii:ﬂﬂi i lin




Such resin is nolded by an ordinary nol ding nmethod such as hand |lay up

mpl di ng, conpression nolding, cast nolding, injection nplding, reaction
infection nolding, transfer nolding or the |ike. The aio.enenIqug '
degradation and re-synthesis of unsaturated pol yester Le3|n‘.

according to the present invention can be carried out -

appar at us: A recycling apparat us_4f unsat urat ed pol yester resin
wast e according to the present |nvent|gg conprises a reaction vessel,
first injection means for '

weight) were 229 and 1.01 respecti?ely;; At a peak 3 of
- the degradation product, further,'number-average molecular
weight and (weight-average molecular weight)/(number-
average molecular weight) were 141 and 1.03 respectlvely
At the total peak of the degradatlon product, number-
average molecular weight and (welght-average molecular
weight)/ (number-average molecular weight) were 132 and
1.39 respectiVely.
(Example 18) Degradation witﬁ Naoﬁ Catalyst under
Pressure |
2 g of unsaturated polYesrer 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 rreatment 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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injecting glycol into the reaction vessel, second i
for injecting a catalyst into the reaction vessel, third in GGMSQﬁ#ﬁEaHQ;BEEN
for injecting unsaturated polyester resin waste into the reacti omR
heating neans for heating the reaction vessel, cooling nean
the reaction vessel, a stirrer-for stirring a reacted solution in the
reaction vessel, a cooler for |liquefying volatile conponents, including a
subl i m ng ' ' :

_23_

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. thes

At a peak 2 of degradation product, ngmber4

v

average molecular weight
weight)/(humber-average .

+ .
—-.

1.02 respectively. At
product, nﬁmber-average -
average molecular weight

weight) were 156 and 1.C-

weight-average molecular

“ular weight) were 156 and

a2l peak of the dég:adation
“lar weight and (weight-
: 2ar-average molecular

‘actively.
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conponent, generated in the reaction vessel, a trap provided in a path
connecting the reaction vessel with the cooler for rennvtgg:Lh‘~§ubI|n1ng
conponent generated from the reaction vessel, an outlet'pwﬁp B T
the reaction vessel for taking out a degradation liquid resd{Ldﬁg
degradation reaction in the reaction vessel, a centrifu éLDr”for !
centrifuging the degradation liquid taken out fromthe outlet port, T Yourth
injection means for re-injecting the d qLadatlon liquid, whichis
subj ected to renoval of precipitates b centrifugation through the
~centrifugal separator, into the reaction vessel for re-synthesis reaction
fifth injection means for injecting nal-eic anhydride into the reaction
(Comparative Example 1)  Degradation with NaOH

??GEEN'

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,
ﬁumber—avérage moleéular weight and (weight-average

molecular weight)/(number—average molecular weight) were
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vessel, sixth injection means for injecting phthalic anhydride into the
reaction.vessel, seventh injection nmeans for injecting st; rer1e""—at"f-nt:ﬂ—:i,,_m.m._~
reaction vessel and a nitrogen inlet tube for |ntrodu0|n nltregehhga&Lﬁj Ii
i nto - | - 10- the reaction_vessé whteh 1's H
~under re-synthe5|s reaction, for re-synthesizing recycled ‘unsat urated:
polyester resin in the reaction vessel while carrying out heating by the

_25_

243.and.1.05 respectively at:a peak 1 of the degradation
product. At a peak 2 ef the_degradation product, number-
~average moleculer 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 wes 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 unsatufated polyester resin waste (chippings),

| 20 g of ethylene glycol and 0.2 g of magnesium hydroxide

were introduced into a vessel whlch was similar to that of
Example 17, and treated_ei 250°C for 5 hours. The

reactant obtained by such treatment was filtered, washed
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heati ng neans .and stirring by the stirrer. The reaction vessel nmay be of
e.g. stainless steel. ~ Preferably, the reaction vessek=i-s=¢losable.
The catal yst is prepared from sodi um hydroxi de, for ex nphe'W'mT:I::;:
According to the present invention, it is possible to 8btai nifmdustsi a I ’
useful glycolic raw naterial fromthe wunsaturated pol yést—eﬂ—‘efsq—nz-wasie‘_,
The degradation with dlycol for.obtaining such glycolic raw material can
be carried out at a relatively |low te@dPerature through a relatively

si npl e operation, whereby the unsaturated polyester resin waste can be
recycl ed V\ntharelatlvely : :

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.ethyleﬁe 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

his Sheet Has Been Rep laced




si mpl e equi pnent . According to the present inventior

_ ,f?} egradation .
rate can be pronpted by carrying out the degradation wt ﬁ EIhRBERN |
hi gh tenperature and a pressure. Namely, the reaction ERIACEDth

glycol having a low boiling point at a tenperature exceeding the
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 effective for redugyng the cost. Al so in consideration
of prevention of oxidation, the reaction vessel is preferably closed for

_2.g'of.unsaturated polyester.resin waste (chippings),
20 g of ethylene glycol, and 0.2 Q of zinc acetate were
introduced into a vessel which was similar to that of
Exéméle 17, and treated at 250°C for 5 houré. 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 -
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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-1 1- . carrying out the reaction under a pressure. Each_of the

degradati on

e,

apparatus and the recycling apparatus for unsauqratedw S S
pol yester resin waste according to the present invention AR

reaction vessel of stainless. This reaction vessel of stai
superior in resistance against alkali and can be used at a higher-
t emperat ure

as conpared with that of glass. Further, the

...28..

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 from degradation reaction in the reaction vessel

I

This apparatus further comprises a centrifugal
separxatoxr 12 for.rémoving_an unreactant and a filler such
as glass fiber from the degradation 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
éubjected 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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reacti.on vessel of stainless has a high torque of stirring, mwhereby the
ratio of the unsaturated polyester resin waste to the glycol can.be: ..
i ncreased. In addition, each of the degradatlon appar at us and:zt g, :
recycling apparatus for unsaturated pol yester resin waste according: to-the. . .
present invention can be used under a pressure if the reaction vessel is
cl osabl e. Wien the apparatus is used under a pressure, degradation is
effectively pronpted since treatnent is_enabled at a tenperature exceeding
the boiling point of the glycol as rnﬁ%yed . The foregoing and ot her
objects, features, aspects and advantages of the present invention wll
become nore '

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 nitrogep 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 during reaetion 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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apparent fromthe followi ng detailed description of the present invention
~when taken in conjunction with the acconpanying draw ngs: = BRH-EF====—u .~ .
DESCRI PTI ON OF ' THE DRAW NGS Fig 1 schenatlcally ii] st ' at €5:t.B@EE: -
structure of an _ -12 B exenpiaby

. recycling apparatus for unsaturated pol yester o =

-30-

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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resin .waste according™ o the present invention; and Fig. 2 is adapted
toillustrate a trap provided in the apparatus shown in Fig. 1. -
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present |nvent|on”y§ PO
described in nore. concrete ternms with reference to Exanples. : o (19 Eng
Exanpl es Under Nornal Pressure In the fol lowi ng Exanples 1 to. 16;"
chi ppi ngs of buttons consisting of unsaturated polyester resin were _” R
crushed by a crusher M YAKO DM 6 (by Myako Product Co., Inc., rotational
frequency: 28,000/ nmin., capacity: 150 g3;- and the powder materials as

obt ai ned were passed through

recycled resin is stored in a tank 19.

Description is now made on Examples of degradation
and re-synthesis carried out threugh thie 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 ef the buttons were
employed for degradation with glycol as such.

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

40 kg of ethylene glycol was 1ntroduced into the
stainless 100L reactlon vessel 1 from the chemical
injection tank 2, and cooling Qater 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 vessel 1 from
the tank 4. |

After the temperature was raised up to 197°C,
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L




screens having neshes of 300 [err]mfor preparing sanples. (Exanple
1)+ Degradation with Gycol by EtONa Catalyst 10 g msatyrated
pol yester resin waste, 100 g of ethylene glycol, and 2 g ©fi Bt ONer (e ‘>§EE
i ntroduced into a 1L three-necked round bottom fl ask prpvi ded" mnzh'ag "

stirrer and a cooler, and treated at 180[err]C for 5 hour & anek %tmﬁri&~
200[err]C for 8 hours respectively. The reactant obtained by such
treatnent was filtered, washed with tetrghydrofuran (THF), and dried.
4.5636 g of remainder resin was filter out, with a degradation rate of
54.4 % A THF solution was prepared fromthe degradati on product, the
nol ecul ar wei ght of which was neasured through gel

 treatment was mede for 4 hours and 40 minutes. :After

reaction, the heating medium 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 reactlon vessel 1 was opened to remove undegraded
materials by the centrlfugal separator 12. A degradation
1iquid of 43.45 kg was obtained, with a degredation rate
of 17.25 %. ' |

The molecular weight of the degradation product was
meaeured througthPC similarly to Exemple 1. :In result,
numberéaverege'mOlecuiar weight and (Weight—average_
molecular weight)/(number—average molecular weight) were
247 and 1.05 respectively at a peak 1 of the degradatien
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 moleculardweight and (weight-
average molecular weightj/(number—average molecular
weight) were 201 and 1.12 respectively.

(Example 27) Degradation with Diethylene 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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-13: . perneation chromatography (GPC) with reference to standard
pol ystyrene, to observe values of nunber-average nolecular__weight_and.. ...
(wei ght-- aver age nol-ecul ar wei ght)/ (nunber- average nD|eCU|anWﬁthh)(9gFEN )

138 and 1. 05 respectively. (Exanpl-e 2) Degradation mnth (}gpo&ubm :
CH3SC3H Cat al yst 10 g of unsaturated pol yester resin.waste~00—g—=of" "

_33._

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--., :2 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 - .+ -.ular weight) were 300 and
1.02 respectively. At 2 :--:= 3 of the degradation

R
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et hyl ene glycol, and 2 g of nethanesul fonic acid were intr( Nt _
round bottom flask which was simlar to that enployed in Ejfanmp:e., ,‘éﬁ@;EEEV g
treated at 180[err]C for 5 hours and then at 200[err]C for}/8 hourSﬂﬁcr :
respectively. The reactant obtained by such treatnent was = Tt;
with THF, and dried. 6.6807 g of remainder resin was filtered out, mﬁth a
degradatlon rate of 33.2 % The degradation product was subjected to .
measurenent of the nolecular weight simlarly to Exanple 1, to exhibit .

val ues of nunber-average nol ecul ar weig i and (wei ght-average nol ecul ar
melght)/(nunber-average mol ecul ar wei ghtJ*of 186 and 1.06 respectlvely

product, number-average molecular weight and (weight-
average molecular weighﬁ)/(number—éverage molecular |
weight) were 155-énd 1.02 respectively. At the total peak
 of the degradation product,-number—averagé molecular
weight and (weight-averagé moleculaf weight)/(number-
average molecular weight) were 333 and 2;93 respectively.
kExample 28) Degradation witthriethyiene Glycol in
Apparatus -of Stainless |
| 50 kg of triefhylene glycol was introduced iﬁto,the
stainless_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
fhe 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-péftion of the reaction

‘vessel 1 was opened to remove undegraded materials by th.
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(Exanpl e 3) Degradation wth dycol . by MeONa Catalyst 20 g of
unsat urated pol yester resin waste, 40 g of ethylene glycol“ g;%
methyl ate, and 50 m of dinethylforman de (DVF) were |ntro£ uce
round bottom flask which was simlar to that enployed in B

o?gfb HAS BEEN

treated at 150[err]C for 5 hours the DMF was distilled
_14_

_.35_

- 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

Thls Sheet Has Been Repl
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awaS/, .and thereafter the mxture was further treated at 200[err]C for 8
heurs. The reactant obtained by such treatnment was filtered, mashed mnth

THF, and dried. 10.2216 g of remminder resin was filtere =t ,
degradation rate of 48.89 % (Exanpl e 4) Degradati of Wfﬁ“"@ Gbi" BEEN -
No Catal yst 10 g of unsaturated pol yester resin wasfe and’ 100* |

ethyl ene glycol were introduced into a round bottom flask Wwhich mé§”;L:::f
simlar to that enployed in Exanple 1, and treated at 200[err]C for 13
[r_atlir sén'cli'hgrirggct agt Oggaai ne]g by sugh tiéat ment vv?slfl | tered, washed with
g of remai nder sin was filtered, W|tha
'degradatlon rate of 39.57 %
neutralized with hydrochlorlc 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 was distilled 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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(Exanpl e-5) Degradation with dycol under Relatively Low Tenperature

10 g of unsaturated pol yester resin waste, 20 .g of ethyl
of THF, -and 1 g of EtONa were
was simlar to that enployed in Exanple 1, and treated a

“hours. The reactant obtained by such treatnent was filtered, mashed W t-h
THF, and dried. 9.7670 g of remainder resin was filtered out, with a
degradation rate -of .2.3% (Exanpl e 6)  Degradation with dycol by
NaOH Cat al yst 10 g of unsaturated polyester resin waste, 40 g of

...37..

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 ;he nitrogen inlet tube_18, and'stigr;ng was .

made by the stirrer 6 at 84 rpm while resulting water was

distilled awaf by.heating, and reaction was made at 200°C

for 3 hdﬁrs.

Thereafter the reaction vessel 1 was cooled to 80°C,

"and 10.10 g of hydroqﬁinone and 30.35.kg of styrene were

added from the chemical injection tank 16. Thus, recycle-

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 Example 1. 1In result,

'number-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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-15- , ethylene glycol, and 2 g of sodium hydroxide were introduced into

a‘round bottom flask which was simlar to that enployed iﬁszzﬁ?#e=i;=ﬁﬂﬂ==“
treated at 200[err]C for 9 hours. The reactant obtained ﬂﬁE@@ BoTasBREN |
was filtered, washed with THF, and dried. 4.2357 g of rgmj ndBFPEAGED was |
filtered out, with a degradation rate _ =

-38—=
weight) of 1,646 and 3.26 respectively.
Although the present invenﬁion has been described'énd :
" illustrated in detail, it is clearly understood that the
séme is by way of illustration and example'only and is not
to be taken by way of limitatidn,'the spirit and scope of
the present invention.being limited only by the terms of

the appended claims.
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of 57..64 % (Exanple 7) Degradation with dycol by NaOH GaibMeET HAS BEEN
100 g of unsaturated polyester resin waste, 120 g of ethylerng gl)unﬁpLA@@@

1 g of sodium hydroxide were introduced into a round bot t om ask=w =
was simlar to that enployed in Exanple 1, and treated at 200[err]C for 24
hours. The reactant obtained by such treatnent was filtered, washed wth.

THF, and dried. 46.0 g of remainder resin was filtered out wth a _
degradation rate of 54.0 % Furt her, 2 g of sodlun1ﬁﬁdrOX|de iﬁuof

sodi um ethylate and 250 g of di et hyl enc yco’l wer e fuli m‘lﬂnﬂmj of
om
L M - *

D*

the remai nder resin, and the nixture wa: |ntroduced
flask simlarly to the above, to be

WHAT IS CLAIMED IS:

1. A method of recycling unsaturated polyester reéin.
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

Thls Sheet Has Been Replaced




treated at 245[err]C for 8.5 hours. Then, the reactant as hbﬂﬁﬁ@ﬁfﬂMHﬁSBEEN
filtered simlarly to the above, washed Mﬁth THF, and drie 0. SRIGPIACED
réemai nder resin was filtered out, with a degradation rate of 98 8- gf ===z
(Exanpl e 8) Degradation of FRP Vaste with (Hycol 100 g of FRP wast e,

150 g of ethylene gl ycol , and lg _ - 16-

eom | I AMGn

with glycol includes a step of adding glycol to said

unsaturated polyester resin waste.

6. A method in accordance with claimls, wherein séid
glycol includes one seiected from the group_coneisting of
ethylene glycol, propylene glycol, diethylene_glycoi,
dipropylene glycol, triethylene glyeol, polyethylene
giycol,'tripropylene glycol, polypropylene glycol,
neopentyl.glycol, 1,3-betanediole, 1,6-hexanedioie,
bisphénol A hydride, bisphenol 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 accordence with claim 7, wherein said
catalyst includes one selected from.the group consisting
of sodium'methylate, sodium ethylate, 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 Rei
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of sodi um hydroxi de were introduced into a round bottom fl sifH w\ggs BEEN
simlar to that enployed in Exanple 1, treated at 200[err] for é&éa l

" The reactant obtained by such treatnment was filtered, washe
dried. 76.52 g of remainder resin was filtered out, with a degr adati on

rate of 23.43 9) Degradation with Gycol by Zinc Acetate
~Catal yst ﬁW"H"IH?I"ﬁm ted pol yester resin waste, 40 g of ethylene
gl ycol, and 0.5 g ¢f tzimc acetate were introduced into a round bottom

fl ask WhICh was S|mlar. to.that enployed in Exanple 1, and treated at
200[err] C for -7 hours. : =41~

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

This Sheet Has Been Replaced -
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The reactant obtained by such treatnment was filtered, washe| e
dried. 5.8665 g of remaminder resin was filtered out, with a degrqg

rate of 41.34 %_____l__LExaane 10) Degradation with G ycol &yLPrepyl

G ycol : g of unsaturated polyester resin waste, 40 g of propyl ene
gl ycol, and a/lmm “lnmmmmuhyl ate were introduced into a round bottom
fl ask which hat enployed in Exanple 1, and treated at
200[err] C for. ® ‘holrs" The “react ant ‘obt ai ned by such treatnment was

filtered, washed with THF, and dried, 748956 g of remainder resin was
filtered out, with a degradatlon rate of 23.04 % Val ues of nunber-average
nol ecul ar melght and -

said glycol includes one selected from the gronp
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-
hexanediole, 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, methanesulfonic 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

a This Sheet Has Been Re
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-17l . (wei ght - aver age nol ecul ar melght)/(nunber-averagd
wei ght) obtai ned through GPC were 293 and 1.03 respectlv%

( Exanpl e 11)_Degr_ada,t_|_gn_w_t-h—a ycol by Propylene Gycol

* ¢ L ®m s %

y. REPLACED

_43_

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.

. This Sheet Has Been R
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20 g of unsaturated polyester resin waste, 40 g of propylen _ pay
g'of sodiumethylate were introduced 1nto a round bottomfl ' =
simlar to that enployed in ¥ ated at 190[ e —
hours. The reactant obtained aqu (H!jlmm m was filtered, washed with
THF, and dried. 15.3695 g of Trenm nderaresin-was filtered out, with a :
degradation rate of 23.15 % (Exanpl e 12) Synthesis of Recycled
Unsaturated Polyester Resin .The ethyl ene glycol degradation product

(degradation product of 9.7784 g in ethy+ene glycol of 40 g; 0.644 nol;
obtained in Exanple 3 was neutralized with hydrochloric: :

22. A method in acéordance with claim 20, further
_ Comprising a 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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acid,» 74.8 g (0.644 nol) of maleic acid was added thereto, &£§@§:%;£§?$§§EE557
distilled away under nitrogen, and the m xture was reacted FED

for 2 hours, to obtain 92. aturated pol yester TéstT. .
" Through GPC, the resin as ob”mw;mnmmmmmval ues of -nunber-aver age
mol ecul ar wei ght and (wei ght - average: nol esul ar wei ght)/ ( nunber - aver age
mol ecul ar wei ght) of 1,121 and

_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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-1é-_ 1. 38 respectively. __(Exanpl. 9—43}—Syﬁthe5|s of R@U§b$wnETLﬂé;BEEN _

Unsaturated Polyester Resin The promﬁ enﬁ gl ycol degr adat RERLAEEBUCt

(degradation product of 4.6305 ﬂ“mml m | ycol of 4070

obt-ai ned in Exanple 11 was neutA rochloric acid, and 20.6 g
(0.210 nol ) of maleic acid and 46.7 g (0. 315 nDI) of pht-halic anhydride
were added thereto, water was' distilled away under nitrogen, and the
mXxture was reacted at 210[err]C for 4 hours, to obtain 68.9 g of recycled

unsat urated pol yester resin. Through GEE%_the

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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resin.as obtained exhibited val ues of nunber-average nDIe

A -
(wei ght - aver age nol ecul ar melgﬁTTT(‘Uﬁbér"averaQE'nDIecuIar ﬂ%ﬂ%ﬁﬁ tBﬁASEhLN

1,508 and 2.01 respectively. Fo conpari so
out that "Polylite 210OM by Dain f! %@j em cal s,
of nunber-average nol ecular weig an verage no

wei-ght)/ (nunber- average nol ecul ar wei ght) of 1,646 and 3.

n,| Eﬁ&ﬁcﬁﬁbd

Inc. has ‘val ues
| ecul ar
26 respectively.

45.9 g of styrene was added to 68.9 g of the unsaturated polyester resin:

obtained in the aforenentioned manner, with addition of 1
et hyl ketone peroxide and cobalt naphthﬁnate W th respect

% each of nethyl
to the total

an outlet port being provided in said reaction vessel

for taking out a degradation liquid resulting
degradation reaCtion_in said reaction vessel;

a centrifugal separator for centrifuging

from

said

degradation liquid being taken out from said outlet port;

fourth injection means for re-injecting said

degradation liquid, being subjected to remova

1l 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 means for 1n3ect1ng phthalic

anhydride into said reaction vessel;

seventh injection means for injecting styrene into

said reaction vessel; and

a nitrogen inlet tube for introducing nitrogen gas

into said reaction vessel being under re-synthesis

reaction,

for re-synthesizing recycled unsaturated

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.

Th]S Sheet Has Been Replaced




mefght of the unsaturated polyester resin and the styrene 't
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resin composition, which in turn was cast- | REPLACED
-19- nol ded under conditions of precuring at 25[err]C for:%:hsuts::a#d:::::;

postcuring at 70[err]C far 2 h “!I Hﬂlm -obt ai ned exhi bited
bendi ng strength of 132.2 MPa, ﬂ“l“lml Il I |“g of the aforerrentloned

""Polylite 210M exhlblte

_48_

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.

—_—
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bending strength of 92.1 Mra. _ (Exanpl e 14) Synthesis of Hﬁ9§ = -
Unsaturated Polyester Resin The .propyl ene gl ycol degragati n' odi®} BEEN
(degradatlon product of 4.6305 g in propyl ene glycol of 40 gl_Q R?ﬁ -ﬁD

obtained in Exanple 11 were neutralized wth hydrochloric acid, 20.6 ¢
(0.210 nol) of maleic anhydride and 52.3 g (0.315 nol) of terephthalic
acid discharged in . reduction of polyester fiber were added thereto, water
was distilled away under nitrogen, and the m xture was reacted . under
210[err] C for 4 hours, to obtain 69.5 g48f recy cled unsaturated pol yester

resin. Through GPOMEFHODe OFoRECKGHBYE- HN&AEgBAﬁﬁDeEQL&ESﬁERght and
(wei ght - aver age RESIN WASTE AND RECYCLING APPARATUS

ABSTRACT OF THE DISCLOSURE"

Provided are a ﬁethod which can recycle waste by
chemically treating unsaturated polyester resin waste
resulting from manufacturing of buttons or waste of fiber
_relnforced plastic products contalnlng glass flber, for
example, and obtaining 1ndustr1ally useful raw materlal.
and an apparatus for carrying out the method. Namely,.
unsaturated polyester resin waste is degraded with glycol,
to obtain lecolic;raQ material. Thié degradation is

: preferably made'under a pressure. It is possible to
éynthesizé unsaturated polyester resin by reacting this
glfdoliC»raw material with unsaturated dibasic acid and
saturated dibasic acid}' It is also pbssible to sjnthesize
polyurethane resin by reacting the glfcolic raw material

with a diisocyanate compound.

PR

\\—‘
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nol ecul ar wei ght)/ (nunber - aver age nol ecul ar wei ght) of the resin as

obt ai ned were 1,500 and 2.00 respectively. ... (Exanpl e 15) Recycling of

d ass Fi ber : 50 g of unsaturated pol yester resin "Polylite BS210OM' by
Dai ni ppon I nk and Chemicals, Inc., containing 30 to 40 % of styrene __was. -
prepared with addition of 1 %'each of nethyl ethyl ketone pefoxide: and..mBEE,\'
cobal t napht hanate with respect to the weight of the "Pol yI| e BSZleM_ el

15 g of . o 1/2 _ \.._“:-.-1:7:;-: -

FIG. 1

20

I — 19
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-20- © the dl ass fiber recovered in Exanple 8, to obtain a conposite
conposi tion was cast-nol ded under

resin conposition. This conposite resin
conditions of precuring at 25[err]C for 2 hours and postcuring at 70[err]C
The nol di ng as obt ai ned exhi bited bendi ng strength of 140 :

for 2 hours.
MPa. For the purpose of conparison, it is pointed out that a mixture .
no addition of the%%k%%é?-gﬂi%rh&s.BEEP

prepared in the aforenenti oned manner with
and a comercially available FRP tank cg;g ai ning 30 %of glas FiADED
. a and 134 MPa AV )

exhi bi ted bendi nng'Ger?th val ues of 92

v
()

S A ANy I
4 ——
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. e
‘respectively. - (Exanple 16) Synthesi ed Pol yurjpREEhACREENT SHEET
50 g of the ethyl ene glycol degrada -4

i ned |n‘ anpl
neutralized with hydrochloric acid Lethyleq @ﬂ@nlgkgaﬁﬁﬁ Hﬁﬁ
0.15 g of tin octenate (I1) were added &fd. M xed Wi th t he same—2——=

of toluene diisocyanate was added to and further mixed with this m xture,
which in turn was reacted at 100[err]C for 1 hour, to obtain polyurethane
resin. - (B) Exanpl es on Degradation Under. Pressure In the

foll owi ng Exanpl es éé bE gﬁ R:gﬁggiggégggégg_zgggghéégé and 2, chi ppings-of
METH F . RE ] R STER. :
buttons con5|st|ng—. ST RETE L S APPARA erFgshed into 3 mMm

In
ABSTRACT OF THE DISCLOSURE

Provided are a method which can recycle waste by
chemically treating unsaturated polyester resin waste
resulting from manufacturing of buttons or waste of fiber
reinforced plastic products containing glass fiber, for
example, and obtaining industrially useful raw material,
and an apparatus for carrying out the method. Namely,
unsaturated polyester resin waste is degraded with glycol,
to obtain glycolic raw material. This degradation is
preferably made under a pressure. It is possible to
synthesize unsaturated polyester resin by reacting this
glycolic raw material with unsaturated dibasic acid and
saturated dibasic acid. It is alsd possible to synthesize
polyurethane resin by reacting the glycolic raw material

. with a diisocyanate compound.

JFigure 1 .
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gra| n size by a rotary cutter mll "Gan'«i!aﬁ%SHE«EﬂH@S BEEN Iﬁé&ﬁf“c%E,NTSHEET
h-

ETD.) ‘meshes by a hi REPLACED 3 OEC
,LLU)

wCcol as such

“21- ‘1 li (by Yoshida Sei . Mﬁﬁﬂﬁ_
sanpl es. ﬂj‘ﬁ er hand, shavings of the butto

e degr ﬂ m | ngs REPYRCEMERTT 1S
CLAIMS

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

preparing unsaturated polyester resin waste,

degrading said unsaturated polyester resin waste with
glyéol under a pressure, thereby obtaining glycolic raw
material; and ‘

synthesizing unsaturated polyester resin by reacting

said glycolic raw material with dibasic acid.

2. A method of recycling waste of a fiber reinforced
plastic product containing glass fiber and an unsaturated
polyester resin, comprising the steps of:

preparing waste,

degrading said waste with glycol, thereby obtaining
glycoli¢ raw material; and

synthesizing unsaturated polyester resin by reacting

said glycolic raw material with dibasic acid.

3. A method in accordance with claim 1 or 9, 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 anhydride,
endomethylenetetrahydrophthalic anhydride, adipic acid,
sebacic acid, chlorendic acid (1,4,5,6,7,7-
hexachlorobicyclo [2,2,1]-5-heptene-2,3-dicarboxylic

acid), and tetrabromophthalic anhydride.

This Sheet Has Been Re(laced




Conpar ative exanples 1 and 2 are thus n r‘rFé‘HISSn‘E’"E"‘ aﬁErE%ﬁ \H~PHAE§¥’W&F§*EO1‘T
t

degradation under pressures, although fhe st nventil ve exgqi #BBB
(Exanpl e 17) Degradation with NaOH Cat al'yst under Pressud Date :..#. @E% -

unsat ur sin waste (chippings), 20 g ene gl ycol,
and 0. ﬁﬂﬂmmjmﬂm mrom de were intpygduced |nto a VBEEEXCEMEN&S 'p
reactor TVS-N2 fcabp Bolt system) (by Taiatsu Corporation), and treated at
250[err]C for 5 hours. The reactant obtained by such treatnment was
filtered, washed with water and THF, and dried. 0.7683 g of renainder

resin was obtaingd af hepeth®d in accordance with claim '3, further

comprising a step of feeding nitrogen gas for reacting

said glycolic raw material with said diisocyanate

compound .

5. An apparatus for degrading 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 injecting a catalyst into
said reaction vessel;

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

heating means for heating said reaction vessel;

cooling means for cooling said reaction vessel;

a stir;ér for stirring a reacted solution in said
reaction vessel;

a cooler for liquefying volatile components,
including a subliming component, being geﬁerated 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 from

degradation reaction in said reaction vessel.
' Thls Sheet Has Been Replac
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erfng, with a degradation rate of 61.6 %nﬂsaHEanmPemﬁmcuI@P mk$%ﬁME%F3HE‘T
the degr&da%ron—prbd‘—T_-——_ measur ed t1roughLC¥KLSTﬂ1larlylko ExamRb QF
c gr

In rﬁsy}t nol ecul ar weilepst==are \Wb.§ﬁ¥=avera 8'e ot

wei ght) / ( !"ﬁ E | ecul ar wei ght) were 269 an y
at a peak egradati on product.gfAt a peak 2 o%é@@mﬁgﬁ*ﬁ
product, on the other hand, nunber-average nol ecul ar wei ght and (wei ght-
aver age nol ecul ar meight)/(nunber-average nmol ecul ar

6. An apparatus in accordance with claim 5.,

wherein said reaction vessel is cloéable.

7. An apparatus in accordance with claim ‘5,
wherein said unsaturated polyester resin waste includes
waste of a fiber reinforced plastic prodﬁct containing

glass fiber.

8. An apparatus 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 injecting a catalyst into
said reaction vessel}

third injection means for injecting unsaturated
polyester resin waste into said rgaction.ﬁessel;

heating means for heating said reacéion vessel;

cooling means for cooling said reaction vessel;

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

a cooler for liquefying vﬁlatile components,
including a subliming component, being generated 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;
! ~ This Sheet Has Been Rep

I



-22- wei ght) were 229 and 1.01 re p?gg Vel ,_He%fagﬁﬁeak ;ﬁ)épLAdeNTaHEET

degrad_LLgﬂ_pLodugL——iﬁ%%her nunber- er ag ]
wei ght - aver age nol ecul ar wei ght)/( ﬁ&ﬁE &t ErD%@Lg&ﬂ \ﬂgpetggs

141 and\muﬂ mm IE At the tot al peak of the degrad‘*mn prodiiet
nunber - ‘ug r wei ght and (weixght - aver age ”DREPEA@EMENT SHEET
wei ght)/ (nurfb -average mol ecul ar wei ght) were 182 and 1.39 respectively.
(Exanpl e 18) Degradation with NaOH Catal yst under Pressure
an outlet port being provided in said reaction vessel
for taking out a degradation liquid resulting from
degradation reaction in said reacfion vessel;
a centrifugal separator for centrifuging said
degradation liquid being taken out from said oﬁtlet port;
fourth injection means for re-injecting said
degradation liquid, being subjected to removal of
precipitates by centrifugation 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 means for injecting phthalic
anhydride into said reaction vessel;
seventh injection means for injectihg styrene into
said reaction vessel; and
a nitrogen inlet tube for introducing nitrogen gas
.into said reaction vessel being under re-synthesis
reaction, '
for re-synthesizing recycled unsaturated polyester
resin in said'feaction vessel'while carrying out heating

by said heating means and stirring by said stirrer.

9. An apparatus in accordance with claim g,

wherein said reaction vessel is closable.

This Sheet Has Been Reﬂlaced




. ] i
29 "of unsaturat ed pol yester resin mbsﬁﬁsgcatpgmg 20 g |[oREBLAGEMEST SHEET ||
gl ycol , _jﬂﬂlil_z_g_ﬂi—sgd+un1hydrOXId&defiﬁtﬂlk ced intolla VeSS%LBmﬁEEqsgﬁ
was simlar to that of Exanpl e 17 [err] Pale :3Mhguren.. .
The rea “mfmn“mmu such treatnment was filtered, wash
and THF, mm 9 g of renmindergzrsesin was OH:RE';PLWQEWNTGSHEE@'
drying, w*thta Hedtadati'on rate of 62.10 % (Exanpl e 19) Degradation
wi th NaOH Cat al yst under Pressure 2 g of unsaturated polyester resin

waste (chippings), 20 g of ethylene glycol, and 0.2 g of sodi um hydroxi de

10. An apparatus in accordance with claim ‘8.,
wherein said unsaturated polyester resin waste includes
waste of a fiber reinforced plastic product containing

glass fiber.

This Sheet Has Been R,
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wer€ introduced into a vessel which was sinilar to that at Exanpl d
treated at 280[err]C for 3 hours. The reactant obtained by sucﬁﬁ§ﬁééémgﬁ5'SHEE]
was filtered, washed - 23- with water -
and THF, —and dried.—0-72137g of renmainder resin was obtained after the

B 11111 I
* c L M S * .

CLAIMS

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

preparing unsaturated polyester resin waste,

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

synthesizing unsaturated polyester resin by reacting

N said glycolic raw material with dibasic acid.

2. A method of recycling waste of a fiber reinforced
plastic product containing glass fiber and an unsaturated
polyester resin, comprising the steps of:

preparing waste, ;

degrading said waste'with glycol, thereby obtaining

glycolic raw material; and

synthesizing unsaturated polyester resin bv reacting

“said glycolic raw material with dibasic acid. 3$’

o

3. A method in accordance with claim 1 oriz, wherein

said dibasic acid includes unsaturated dibasic acid
selected from the group consisting of maleic anhydridef
fumaric acid and itaconic acid, and saturated dibasic acid
selected from the group consisting of phthalic anhydride,
isophthalic  acid, terephthalic acid, tetrahydrophthalic
.anhydride, methyltetrahydrophthalic anhydride, = -~
endomethylenetetrahydrophthalic anhydride, adipic acid,
sebacic acid, chlorendic acid (1,4,5,6,7,7-
hexachlorobicyclo [2,2,1]-5-heptene-2,3-dicarboxylic
acid), and tetrabromophthalic anhydride.



(Exanpl e 20) Degradation with NaOH Catal yst under Pressure 2 g of
~unsat ur at ed pol yester resin waste (chippings), 20 g ﬁ@gﬁﬂk cp+ “

‘and 0.2 g of so ide were introduced into a vess
sinilar to that of Ie 17, and treated at 290[ er ] ath OF 31hp 1

react an ““'“m““ B E treatment was filtered, was Wi LR et oF aﬁdd
THF, ana\“mm remai nder resin was obtained after the
drying, with aLdegradatlon rate of #5485 % The ol ecul ar wei ght of
t he degradation product was neasured through GPC simlarly to Exanple 1.

In result, nunber-average nol ecul ar wei ght and (weight-average

4. A method in accordance with claim 1 or 2, further comprising
a step of feeding nitrogen gas for reacting said glycolic raw material with

said dibasic acid.

5§ . A method iﬁ accordance with claim 3, further

ompm—e.

comprising a step of feeding nitrogen gas for reacting

said glycolic raw matexial with said diisocyanate

L compound.
6., An apparatus for degrading unsaturated polyestef

resin waste, comprising:

a reaction vessel of stainless steel;

first injection means for injecting glycol into said
reaction wvessel;

second infection means for injecting a2 catalyst into
said reaction vessel;

third injection means for injeéting unsaturated

\«; polyester resin waste into said reaction vessel;

heat;ng means for heatlng said reaction wvessel;

coolxng means for cooling said reaction vessel;

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

a cooler for liquefying volatile components,
including a subliming component, being generated in said

reaction vessel;

-



mol ecul ar wei ght )/ (nunber - aver age nol ecul ar wei ght) re 235 k0
respecti vety at—apeak—1—of—the degradation productBEﬁfAﬁféggﬁggt%ﬁ

respecti vel ¥.

nol ecul ar  wei ght) were 156 and 1.06 redbectively.

lhe

degr adati on - average nol ecul ar weilght  and ,( 'gﬁfﬂavwrage
- mol ecul ar mﬂ'ﬁﬂuﬂuﬂumm,ﬂer age nol ecul ar wei ght 'Qﬂ;@r'eg-ﬁmgﬁﬁ”“il@z
« peak of the degradation —product, nunber-average
nol ecul ar wei ght and (wei ght- average nol ecul ar wei ght)/ (nunber-average

a trap being provided in a path connecting said
reaction vessel with said cocler for remowving 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 from

degradation reaction in said reaction vessel.

. L. An apparatus in accordance with claim 6 , ,
Cs o2
wherein said reaction vessel is closable.
' R
- . [ > - ’ \)y
8. An apparatus in accordance with clalmbgli//7a¢¢/yw°&
wherein said unsaturated polyester resin waste includes
‘waste of a fiber reinforced plastic product containing

glass fiber.

_9. An apparatus for recycling unsaturated polyester
resin waste, comprising: |
a reaction vessel of stainless steel; -
first injection means for injecting glycol into.said
reaction veséel; |
second injection means for injecting a catalyst into
said reaction vessel;
third injection means for injecting unsaturated
polyester resin waste into said rgaction.éessel;
heating means for heating said reacéion vessel;

cooling means for cooling said reaction vessel;



- 24
At nosphere

g of ethylene glycol, and 2 g of sodium hydroxide
I L three,neeked—rnﬂ”ﬂ’ botton1f|ask provided with a

whi ch was

S t of Exanple 1, and treated ameOO[- T i
hours. T“B\ NL\ ned by such treatment was g ashet--wiit h

(Conparative Exanple 1) Degradation with NaOH "Catal yst Under
ABS |-p|ngs)
\

10 g of unsaturated polyester resin

G REPDAGESTHG

gt rrer an

a stirrer for stirring a reacted solution in said

reaction vessel;

a cooler for liquefying volatile components,

including a subliming component, being generated 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;

an outlet port being provided in said reaction vessel

for taking out a degradation liquid resulting from

degradation reaction in said reaction vessel;

a centrifugal separator for centrifuging said

degradation liguid being taken out from said outlet port;

fourth injection means for re-injecting said
degradation liquid, being subjected to removal of
precipitates by centrifugation 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 means for injecting phthalic
anhydride into said reaction vessel;

seventﬁ injection means for injecting styrene into

said reaction vessel; and



remai nder resin was filtered out, with a degradation r &1, 04 éE

( Exanpl e ﬁLnggLﬁdaLJ_an_oi-—FRP with NaOH Catal yst u BEPBN'éE'ﬁ N SHEET {i>
g of FRP waste, g of ethylene glycol, and 0.2 g of sodi um?

wer e |ntrofunmu““““mmﬂm which was sinmilar tot tDatﬁf-l--Exafpre IT nd
treated at hours. The reactant obtain by—such treat ment
was filtered, ‘wakhell With water and THF, and dried. 0.7055 g of renainder
resin was obtained after the drying |ﬁéBud|ng glass fiber, with a
degradation rate of 64.73 %with respect to the waste FRP. The

ol ecul ar meithnggrEE%ndggﬁ%gg%HﬁeF¥é¥“§§t¥@§ucing nitrogen gas

into said reaction vessel being under re-synthesis

reaction,
for re-synthesizing recycled unsaturated polyester
resin in said reaction vessel while carrying out heating
by said heating means and stirring by said st;rrei_ _____
10. An apparatus in accordance with claim 9 ,

wherein said reaction vessel is closable.

1l An apparatus in accordance with claim_ 9,
wherein said unsaturated polyester resin waste includes
waste of a fiber reinforced plastic product containing

glass fiber.



measured through GPC simlarly to Exanple 1. In result, ' nunber-average

nol ecul ar wei ght and (wei ght-average nol ecul ar melght)/(nunber ~average
nol-ecul ar wei ght) were . i-25- . 24§ and
1.05 respectively at a peak 1 of the degradatlon product CAtL-a peak 2’of

t he degradation product, nunber- average nDIecuIar wei ght and - -

(wei ght - aver age nol ecul ar

METHOD OF RECYCLING UNSATURATED POLYESTER
RESIN WASTE AND RECYCLING APPARATUS

- - ABSTRACT OF THE DISCLOSURE

Provided are a method which can recycle waste by
chemically treating unsaturated polyester resin waste
resulting from manufacturing of buttons or waste of fiber
reinforced plastic products containing glass fiber, for
example, and obtaining industrially useful raw material,
and an apparatus for carrying out the method. Namely,
unsaturated polyester resin waste is degraded with glycol,
to obtain glycolic raw material. This degradation is

v preferably made under a pressure. It is possible to

synthesize unsaturated polyester resin by reacting this
glycolic raw material with unsaturated dibasic acid and
saturate& dibasic acid. It is also possible to synthesize
polyurethane resin by reacting the glycolic raw material

§ with a diisocyanate compound.

Figure 1



wei ght )+ (nunber - aver age nol ecul ar weight) were 131 and 1.01 respectively.
At -the total peak of the degradation product, nunber-average nol ecul ar

wei ght and (wei ght- average nol ecul ar meight)/(nunber-avé?gﬁéfﬁp[ecular
wei ght) were 190 and 1. 13 respectively. (Conpar ati ve Exanple 2)
Degradation of FRP with NaOH Catalyst Under Atmosphere .. 100,9 ﬁ{; BFP
waste, 150 g of ethylene glycol, and 1 g of sodiun1hydrokLQ§:wE}é“A_ _

i ntroduced into a 1L three-necked round-ottom flask provided Wwth a
stirrer and a cooler which was simlar to that of Exanple 1, and treated
at 200[err]C for 14 hours. The reactant obtained by such

" ' TITLE OF THE INVENTION
Method of Recycling Unsaturated Polyester 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
; polyester resin. Such buttons are manufactured by
punching out an unsaturated polyester resin sheet and
cutting out the intermediate products as obtained. 1In the
manufacturing steps, however, about 50 % of the raw
material is wasted as chippings and shavings. The problem
i of waste disposal also arises in relation to fiber
reinforced plastic products such as FRP ships and bathtubs
having matrices of unsaturated polyester resin. Thus, it
is desirable to recycle such unsaturated polyester resin
waste.

However, it is impossible to remelt and remold waste



treatnment was filtered, washed wth THF, and dried. 76.52 g of renalnder

resin was filtered out, with a degradatlon rate of 23 =

22) Degradation with NUO Cat al yst under Pressure Féfﬁwmﬂﬁﬁﬁ%ﬁiq
pol yester resin waste (chippings), 20 g of ethylene gI.coI and 0.2 g of,
magnesi um hydroxi de were introduced into a vessel whic WS - 5|n1la["to )
that of Exanple 17, and treated at 250[e¥24C for 5 hout&="Ffe ~Teact ant
obtai ned by such treatnment was filtered, washed

of the unsaturated pblyester resin, which is thermosetting
resin having a three-dimensional network structure,
dissimilarly to that of thermoplastic resin such as
polypropylene, for example. Further, the unsaturated
polyester resin cannot be dissolved 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)). However, the inventors have
confirmed that this method encounters such a problem that
the strength of the recycled resin, which is reduced as
the amouﬁt of tﬁe 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); 66 (10), 452 (1992); Kazuhide Hamada, Jun
Hosokawa and Masashi Nishiyama, Kobunshi Ronbunshu, 49
(8), 655 (1992); Yoshio Kobayashi, Dai 42-Kai Kobunshi
Kaki-Daigaku Koen Yoshishu, p. 134 21994)). 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



-26- . with diluted hydrochloric acid and THF, and dried. 0.8458 g of
remai nder resin was obtained after the drying, with a degradation.rate. of 5
57.71 % (Exanpl e 23) Degradation with BaO Catal yst under Pressurﬁggf-
2 g of unsaturated polyester resin waste (chippings), 20 g of etHV ehdh
glycol, and 0.2 g of barium oxide were introduced into a vessel. which was
simlar to that of Exanple 17, and treagfg at 250[err]Cfor 5 hours. The

' 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 inventive 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.

Thé present invention is applicable to recycling of
not only waste of the aforementioned resin employed for
manufacturing buttons, but general unsaturated polyester
resin waste. The unsaturated polyeéter resin to which the
present invention is applied may contain a filler of
calcium carbonate or the liké,'or may be composed with

glass fiber or the like.



react ant obtai ned by such treatnment was filtered, washed wth diluted
hydrochloric acid and THF, and dried. 0.8967 g of remainder-resin.was
obtained after the drying, with a degradation rate of 55.17 % - -« ..,
(Exanmpl e 24) Degradation with CaO Catal yst under Pressure ¢ é U@ Eﬁﬁff
unsat urated pol yester resin waste (chippings), 20 g of'ethy1 né gl ycol,
and 0.2 g of calciumoxide were introduced into a vessel which-was -sinlar
to that of Exanple 17, and treated at 250[err]C for 5 hours. The reactant
obt ai ned by such treatnment was filtered, washed wth diluted hydrochloric
acid and THF, and dried. 0.8924

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 through a screen having
meshes of 300 um is advantageously employed, for example.

According to the present invention, glycol which is
employedﬂfor the degradation with glycol is prepared from
ethylene glycol, propylené glycol, diethylene glycol,
dipropylene glycol, triethylene glycol, polyethylene
glycol, tripropylene glycol, polypropylene glycol,
neopentyl glycol, 1l,3-butanediole, 1,6-hexanediole,
bisphenol A hydride, bisphenol A propylene oxide adduct,
dibromoheopentyl glycol or the like.

In the degradation with glycol, a catalyst is
preferably employed. This catalyst is prepared from
sodium methylate, sodium ethylate,-éodium hydroxide,
methanesulfonic acid, or metal acetate such as zinc
acetate, magnesium acetate, calcium acetate, lithium

acetate, sodium acetate, magnesium oxide, barium oxide, or



g of reminder resin was obtained after the drying, with ﬁt*ﬁﬁgrada££gg~\;r,

rate of 55.38 % (Exanpl e 25) Degradation with Zincﬁﬁ%%fate Capahyigf.
under Pressure -27- 2 gof
unsat urated polyester resin waste (chippings), 20 g of ethyle 4ghycd@9{

and 0.2 g of zinc acetate were introduced into a vessel which~was-si-m.|ar
to that of
_5_

" calcium oxide, for example. However, it is possible to
carry out the degradation with glycol without employing
such a catalyst.

In the degradation with glycol, a temperature of
about 150° to 250° is preférably supplied. 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
state. This upper limif temperature is preferably
selected at a degree not substantially 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 glass fiber can be recycled.

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

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

The apparatus for degrading unéaturated polyester
resin waste according to the present invention comprises a
reaction vessel, first injection.meansﬁforﬁ o

injecting glycol into the reaction vessel, second




Exanple 17, and treated at 250[err]C for_ 5 hours. The rea tamiteb$ﬁhned by i
such treatnment was filtered, washed wth diluted hydrochl pric acid and 97
THF, and dried. 0.9600 g of remainder resin was obtained affes: thé4dﬁ |n§
with a degradation rate of 51.97 % (C Exanpl es Enpk -—Appar at us
of Stainless Fig. 1 schematically illustrates the structure of an
exenpl ary recycling apparatus for unsatuugted pol yester resin waste
according to the present invention. Referring to Fig. 1, this

apparatus conprises a stainless |I00L reaction vessel 1 which is closable,

a first tank 2 storing glycol to be injected into the

' injection means for injecting a cafalyst 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 vessel, a stirrer for stirring a.
reacted solution in the reaction vessel, a cooler for
liquefying volatile components, 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 vessel 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 a2s raw material for
obtaining industrially useful resin. For example, it is
possible to synthesize unsaturated éolyester 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



reactian vessel 1, a second tank 3 storing sodium hydroxide to be injectéd
into the reaction vessel 1, and a third tank 4 for storing ungat e
pol yester resin waste to be injected into the reaction vessel [[1R&Ext sozdlie .0

for heating the reaction vessel 1, and a stirrer 6 which is rﬁt@med1ﬂ&
notor 20 for stirring a reacted solution in the reaction vess
The reaction vessel 1 is further provided with a cooler 7 for
vol atil e conponents which are -7- '

" with a diisocyanate compound.

The pre-synthesis of the unsaturated polyester resin
or the polyurethane resin 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 includés unsaturated dibasic
acid and saturated dibasic acid, both of which are
employed in general. Examples'of the unsaturated dibasic
acid are maleic anhydride, fumaric acid and itaconic acid.
Examples of the 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 terephthalic acid
can be prepared from that discharged through alkali
reduction of polyester fiber.

The unsaturated polyester resin can be synthesized by .
an ordinary method of setting a reaction temperature of -
140°C to 230°C, condensing the mateéial for 2 to 6 hours
while distillihg water away under nitrogen, cooling the
reactant, thereafter introducing 30 to 40 % of styrene

therein, and adding 0.02 part of hydroquinone for serving



- 28- -generated in the reaction vessel 1, and a receiver 8 for _ rece|V|ng
the liquid resulting from such quuefactlon by the cooler 7”, %tﬁﬁﬁts\
vol atil e conponents generated in the reaction vessel 1 include e o ‘m
subl i mabl e conponent such as phthalic acid, which nay be soI|d1f| éﬁr‘@g7
bl ock a tube portion of the cooler 7 when the sanme is dIFECLE¥rf 0
the cooler 7. In this apparatus, therefore, a trap 9 is provi ded Th<:@.
pat h connecting the reaction vessel 1 with the cooler 7.

_8_
' as a polymerization inhibiter.

On the other hand, the diisocyanate compound which is
reacted with the glycolic raw material for synthesizing
polyurethane resin is prepared from toluene diisocyanate,
diphenylmethane diisocyanate (MDI), naphthalene
diisocyanate, tolidine diisocyanate, hexamethylene
diisocyanate, isophorone diisocyanate, p-phenylene
diisocyanate, transcyclohexane 1,4-diisocyanate, xylylene
diisocyanate (XDI), hydrogeneration XDI, hydrogeneration
MDI, lysine diisocyanate, or tetramethylxylene
diisocyanate. The polyurethane 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 molding, compression molding, cast molding,
injection molding, reaction injection molding, transfer
molding_or the like.

The aforementioned degradation and re-synthesis of
unsaturated polyester resin waste according to the present
invention can be carried out by thewfollowing apparatus:

A recycling apparatus for unsaturated polyester resin
waste according.to the present'invehtion comprises a

reaction vessel, first injection .means for ~ - ~—



This trap 9 is structured as shown in Fig. 2, for renDV|ng——gheﬁsgbrpﬁaﬁFgllﬂ

corponent such as phthalic acid. The reactlon vesselij, h»ps,fu?tﬁew“‘FT ‘
provided with an outlet port 10 for taking out a degradatlon I|qU|d
resul ting from degradation reaction in the reaction vesseVlgL \WhE@

apparatus further conprises a centrifugal separator 12 fof =& +ﬂg an”
unreactant and a filler such as glass fiber fromthe degradation Iiquid
which is taken out fromthe outlet port 10. In addition, this

apparatus further conprises a fourth tad 13 storing the degradation
liquid, whichis

i injecting glycbl 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 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, generated in the reaction vessel, a irap
provided in a path connecting the reaction vessel with the
cooler for removing the subliming component generated from
the reaction vessel, an outlet port provided 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 re-injecting the degradation liquid,
which is subjected to removal of precipitates by
centrifﬁgation through the centrifugal separator, into the
reaction vessel for re-synthesis reaction, fifth injection
means for injecting maleic anhydride into the reaction
vessel, sixth injection means for iﬁjecting phthalic
anhydride into the reaction vessel, seventh injection
means for injecting styrene into the reaction vessel, and

a nitrogen inlet tube for introducing nitrogen gas into




subj ected to renmoval of precipitates by centrlfugatloni ~1QL‘LQLECtIng t he
sane into the reaction vessel 1 again for neking re- synthe5|s reac
fifth tank 14 storlng mal ei ¢ anhydride to be injected into the reattion!
vessel - 29- 1, a SIXth1 nkield
storing phthalic anhydride to be injectedl®nto the reactlon vessel 1, a
seventh tank 16

the reaction vessel which is under re-synthesis reaction,
for re-synthesizing recycled unsaturated polyester resin in
the reaction vessel while carrying out heating by the
heating means and stirring by the stirrer. 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, 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 prompted by carfying out 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 effective for
reducing the cost. Also in consideration of prevention of

oxidation, the reaction vessel is preferably closed for



storing styrene to be injected into the reaction vessel 1T._and—a;at££ﬂgen
i nlet tube 18 for introducing nitrogen gas into the redpblan vesset 3t . :
which is under re-synthesis reaction. - Through thei recycling
apparatus havi-ng the aforenentioned structure, degradation ~and
re-synthesis reaction of unsaturated polyester resin mas&erafeLéyﬁled

out as foll ows: First, glycol is injected into the reaction vessel 1
fromthe first tank 2, and thereafter coaling water is fed to drive the
cooler 7. Volatile conponents which are -Ilgenerated during reaction are
liquefied by the cooler 7, and collected in the receiver 8. The liquid

collected in
carrying out the reaction under a pressure.

Each of the degradation apparatus and the recycling
apparatus for unsaturated polyester resin waste according
to the present invention comprises a reaction vessel of
stainless. This reaction vessel of stainless is superior
in resistance against alkali and can be used at a higher
temperature, as coméared with that of glass. Further, the
reaction vessel of stainless has a high torque of
stirring, whereby the ratio of the unsaturated polyester
resin waste to the glycol can be increased. |

In addition, each of the degradation apparatus and
the recycling apparatus for unsaturated polyester resin
waste acéording 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.

Thé 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 coniunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 schematically illustrates: the structure of an




the receiver 8 is properly returned into the reaction vessel 1. A
subl i mabl e conponent such as phthalic acid is renoved by the trap 9 before
t he sane reaches the cooler 7. Then, the stirrer 6-is rotated hy-the
notor 20, to -start stirring the solution contained in the-reactLon:nygsﬁel
1. Then, sodium hydroxide for serving as a catalyst is injected into the
reaction vessel 1 fromthe second tank i? and thereafter :the,reagtioon
Boi | e iéhﬁ"'

vessel 1 is heated by the heating nediu r 5. Then, un rated:

' 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 invention is now described in more
concrete terms with reference to Examples.

(A) Examples Under Normal Pressure

In the following Exampleé'l to 16, chippings of
buttons consisting of unsaﬁurated polyester resin were
crushed by a crusher MIYAKO DM-6 (by Miyako Product Co.,
Inc., rotational frequency: 28,000/min., capacity: 150 g},
and the éowder materials as obtained were passed through
screens having meshes of 300 um for preparing samples.

(Example 1) 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 stirrer
and a caoler, 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 tetrahydrofuran
(THF), and dried. 4.5636 g of remainder resin was
filtered out, Qith a degradation rate of 54.4 %. A THF
solution was prepared from the degradation prodﬁct; the

molecular weight of which was measured through gel



-30- . polyester resin waste is introduced into the reaction vessel 1

fromthe third tank 4, to nake degradation reaction. _.____ After .

conpl etion of the degradation reaction, the heating nedi-um boiler ey b

switched to coeling, for cooling the reaction vessel !l to a prescri@@? _
n

tenperature. Then, a valve 11 is opened to take out'theﬁngradamMB

liquid fromthe reaction vessel 1 throu%g the outlet port -iinos.liz=

" permeation chromatography (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 respectively.

(Example 2) Degradation with 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 into 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 measufement of the
molecular weight similarly to Example 1, to exhibit values
of number-average molecular weight and (weight-average
molecular weight)/(number-average molecular weight) of 186
and 1.06 respectively.

(Example 3) Degradation . with Glycol by MeONa Catalyst

20 g of unsaturated polyester resin waste, 40 g of.
ethylene glycol, 2 g of sodium methylate, and 50 ml of
dimethylformamide (DMF) were introduced into a round
bottom flask which was similar to that employed in Example

1 and treated at 150°C for 5 hours, the DMF was distilled



10. The degradation liquid as taken out is centrifuged by the centrifugal
separator 12 for renoval of precipitates, and thereafter=fed to?ﬂﬁ???ﬁwth
tank 13 by a punp 17. _ The degradation liquid resuiting Fr ot tREET

af orenent i oned- degradation reaction is again injectediinto the reactlon'

vessel 1, for re-synthesis reaction. Then, naleic’ aﬁhydr @195
injected into the reaction vessel 1 fr the fifth tank 14,” % Jhthallc
anhydride is further injected fromthe“sixth tank 15. Then, the reaction
vessel 1 is heated by the heating nmediumboiler 5, to make re-synthesis

reaction. In the re- synthe5|s reaction, nitrogen gas is introduced into
t he reaction .
away, and thereafter the mixture was further treated at

200°C for 8 hours. The reactant obtaingd by such
treatment 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 with'Glycol by 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_employed in Example 1, and
treated at 200°C for 13 hours. The reactant obtained by
such treatment Qas 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 into a round bottom flask which was similar to
that eméloyed in Example 1, and treated at 70°C for 13
hours. The reactant obtained by such treatment was
filtered, washed with THF, and dried. 9.7670 g of
remainder resin was filtered out, Qith a degradation rate
of 2.3 %. |

(Example 6) Degradation wiﬁh Glycol by NaOH Catalyét

10 g of unsaturated polyester resin waste, 40 g of



vessel 1 through-the nitrogen inlet tube 18, so that the reacted solution

Is stirred by the stirrer 6. After reaction, the reactipon.vessel 1 is
cooled and styrene is injected.into.the same fromthe Seventhztankrﬁingtb
obtain recycl ed-unsat urated pol yester resin. This o T |
- 31- recycled resin is stored in a tank 19. . '

e 14006 89T
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. ethylene 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 fo; 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
of 57.64 %.

(Example 7) Degradation with Glycol by NaOH Catalyst

100 g of unsaturatéd polyéstér resin waste, 120 g of
ethylene glycocl, and 1 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
filtered, 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 diethylene glycol were added to 46.0
g of the remainder resin, and the 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 similarly to the above, washed with
THF, and dried. 0.8 g of remaindermresin was filtered
out, with a degradation rate of 98.3 %.

(Example 8) Degradation of FRP Waste wiﬁh Gifcol

100 g of FRP waste, 150 g of ethylene glycol, and 1 g



Description is now made on Exanpl es of degradation and re-synthesis
carried out through this apparatus. In the foll owi ng Exanples 26 to
30, chippings of buttons consisting of ‘unsaturated pol yester. resin were .““
crushed into 3 mmin grain size by a rotary cutter mll “Granul at er's |
U-140" (by HORAI CO., LTD.) and further into 100 meshes by a rtghﬁl{péﬂﬂﬂ i
hamrer m |l (by Yoshida Seisakusho Co.,,.Ltd.) for preparing saiples; : -
On the other hand, shavings of the butt%&s were enpl oyed for degradatlon

with glycol as such (Exanpl e 26) Degradation with Ethylene dycol in
Appar atus of Stainless 40 kg of ethylene glycol was introduced into
t he

" of sodium hydroxide were introducéd into a round bottom
flask which was similar to that employed in Examplé 1,
treated at 200°C for 14 hours. The reactant obtained by
such treatment was filtered, washed with THF, and driéd.
76.52 g of remainder resin was filtered out, with a
degradation rate of 23.43 %.

‘(Example 9) Degradation with Glycol by Zinc Acetate
Catalyst

10 g of unsaturated polyeéter resin waste, 40 g of
ethylene glycol, and 0.5 g of zinc acetate were introduced
into a round bottom flask which 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
Glycol

10 g of unsa;urated polyester resin waste, 40 g of
propylené glycol, and 2 g of sodium methylate 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 reactant obtained by suéﬁ treatment was
filtered, washed with THF, and dried. 5.6956 g of
remainder resin was filtered out, with a degradation rate

of 23.04 %. Values of number—average molecular weight and




stainl ess 100L reaction vessel 1 fromthe chemi cal injection tank 2, and
cooling water was fed to drive the cooler 7 while the SLLLIer 6 was

rotated to start stirring at 24 rpm Then, 800 g pﬁ;@ﬁ 1 n1hyﬁT®XtH
was introduced into the reaction vessel 1 fromthe che#1 THF&étion: tanm

3, and the tenperature was increased by the heating nedlun1 b 5 i
Then, 20 kg of unsaturated pol yester buaipen shavings were |ntﬂd%jﬂ@huﬂﬁio
the reaction vessel 1 from the tank 4. After the tenperaturE‘mﬂsr~~“
rai sed up to 197[err]C, '
(weight-average molecular weight)/(number-average
molecular weight) obtained through GPC were 293 and 1.03
respectively.
(Example 11) Degradation 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 such treatment was
filtered, washed with THF, and dried. 15.3695 g of
remainder 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 mol;
obtained in Example 3 was neutralized with hydrochloric
acid, 74.8 g (0.644 mol) of maleic acid was added thereto,
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 resiﬁ. Through GPC, the
resin as obtaihed exhibited values of number-average
molecular weight and (weighﬁ—average molecular

weight)/(number-average molecular weight) of 1,121 and




-32-  treatnent was nade for 4 hours and 40 m nutes. After reaction, the

heating medium boiler 5 was switched to cooling for cool iTg the - reactien—,

vessel 1 to 150[err]C, and thereafter the valve 11 provi déd:on the ’anwer=r |i

portion of the reaction vessel 1 was opened to renmove undegr afiéd AG 1997

materials by the centrifugal separator 12. A degradation  [Fqguid of.43.45

kg was obtained, with a degradation rate TSR iz e
_18_

1.38 respectively.

(Example 13) Synthesis of Recycled Unsaturated
Polyester Resin

The propylene glycol degradation product (degradation
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 nitrogen, and the
mixture was reacted at 210°C for 4 hours, to obtain 68.9 g
of recycled unsaturated polyester resin. Through GPC, the
resin as obtained exhibited values of number-éverage
moleculaf 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" by Dainippon Ink and
Chemicals, Inc. has values of number-average molecular
weight and (weight-average molecular weight)/(numper—
averagemmolecular weight) of 1,646 and 3.26 respectively.

45.9 g of styrene was added to 68.9 g of the
unsaturated polyester resin obtained in the aforementioned-
manner, with addition of 1 % each 6% methyl ethyl ketone
peroxide and cobalt naphthenate with respect to the total
weight of the ;nsaturated polyester resin and the styrene

to obtain a resin composition, which in turn was cast-



of 17.25 % The nol ecul ar wei ght of the degradation product was
measured through GPC simlarly to Exanple 1. In result, nunber-average
nol.ecul ar wei ght and (wei ght-average nol ecul ar melght)/(nunber-average—-
nmol ecul ar wei ght) were 247 and 1.05 respectively at a peak 1 of the = ™47
degradation product. At a peak 2 of the degradation product,. nfabﬁﬂp B97
average nol ecul ar wei ght and (wei ght -average nol ecul ar '

wei ght )/ (nunber - aver age nol ecul ar wei ght9— were 147 and 1.03 respectlvelyi.
At the total peak of the degradation product, nunber-average nol ecul ar
wei ght and (wei ght- average nol ecul ar wei ght)/(nunber-average nol ecul ar

wei ght re 201 and 1.12
ght) .we molded under coagseggggvgfyprecurlng at 25°C for 2 hours

and postcuring at 70°C for 2 hours. The molding as
obtained exhibited bending strength of 132.2 MPa, while a
molding of the aforementioned "Polylite 210M" exhibited
bending strength of 92.1 MPa.

(Example 14) Synthesis of Recycled Unsaturated
Polyester Resin

The propylene glycol degradation product (degradation
product of 4.6305 g in propylene glycol 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) of terephthalic acid discharged in
reductioﬁ of polyester fiber were added thereto, water was
distilled away under nitrdgen, and the mixture was reacted
under 210°C for 4 hours, to obtain 69.5 g of recyc;ed
unsaturated polyester resin. Through GPC, values of
number-average molecular weight and (weight-average
molecular weight)/(number-average molecular weight) of the
resin a§ obtained were 1,500 and 2.00 respectively.

(Example 15) Recycling of Glass Fiber

50 g of unsaturated polyester resin "Polylite BS210M"
by Dainippon Ink and Chemicals, Inc:, containing 30 to 40
$ of styrene, was prepared with addition of 1 % each df
methyl ethyl ketone peroxide and cobalt naphthanate with

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




(Exanpl e 27) Degradation with Diethylene Gycol in Apparatus of Stainless'
50 kg of diethylene glycol was introduced into the stainléss=-00E—reaetion

vessel 1 fromthe chemcal injection tank 2, and cooling Ma%éWMMHgffﬁﬁﬁﬁggT

drive the . o -33- cool 8r 7 whyj eyidagg

stirrer 6 was rotated to start stirring el
_20_

" the glass fiber recovered in Exaﬁple B, to obtain a
composite resin composition. This composite resin
composition was cast-molded under cqhditions of precuring
at 25°C for 2 hours and postcuring at . 70°C for 2 hours.
The molding as obtained exhibited bending strength of 140_
MPa. For the purpose of comparisoﬁ, 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

respectively.

(Example 16) Synthesis of Recycled Polyurethane Resin

50 g of the ethylene glycol degradation product
obtained in Example 3 was neutralized with hydrochloric
acid, and 0.05 g of triethylenediamine and 0.15 g of tin

octenate (II) 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 for

1 hour, to obtain polyurethane resin.

(B) Examples on Degradation Under Pressure

In the following Examples 17 to 25 and comparative
examples 1 and 2, chippings of butt;ns consisting of
unsaturated polyester resin were crushed into 3 mm in

grain size by a rotary cutter mill “Granulatérs'U-l40“ (by

HORAI CO., LTD.) and further into 100 meshes by a high-




at 24 rpm ~ Then, 800 g of sodium hydroxide was introduced into the
reaction vessel 1 fromthe chem cal injection tank 3, ang=t-he=tenperatee
was increased by the heating nmedium boiler 5. Then, 30 KgRePLADSHENT BHEET 5
pol yester button shavings were introduced into the reactFon vess I g '
the tank 4. After the tenperature was raised up to 23@[err AdﬁuLéy?.
treatnment was made for 10 hours. After rgeaction, the heaFFﬁ@-ﬁEd1Uﬁfbo1ler
5 was switched to cooling for coolingt reaction vessel 1 to 150[err]C,

and thereafter the valve 11 provided on the |lower portion of the reaction

speed hammer mill (by Yoshida Seisakusho Co., Ltd.), for
preparing samples. '

on the other hand, shavings of the buttons were
empioyed for degradation with glycol as such.

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

(Example 17) Degfadation with NaOH Catalyst under
Pressure

2 Q of unsaturated polyester resin waste (chippings),
20 g of ethylene glycol, and 0.2 g of sodium hydroxide
were introduced into a vessel of Portable reactor TVS-N2
(cap bol£ 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 after the
drying, with a degradation rate of 61.6 %.

The molecular weight of the degradation product was
measurea through GPC similarly to Example 1. In result,
number-average molecular weight and (weight-average
molecular weight)/ (number-average molecular weight) were
269 and 1.24 respectively at a peak_l of the degradation
product. At a peak 2 of the degradation product, on the
other hand, number-average molecular weight and (weight-

average molecular weight)/(number-average molecular



vessel 1 was opened to renpve undegraded materials by the centrifugal
separator 12. A degradation liquid of 73.95 kg was obtained, with a
degradation rate of 79.83 % The nol ecul ar wei ght of the degradati on
product was neasured through GPC simlarly to Exanple 1. In result,
nunber - aver age nol ecul ar wei ght and (wei ght-average nDIecuIar14 MG Eﬁﬂ
wei ght)/ (nunber - aver age nol ecul ar wei g2} were 2,084 and 1.14 respectively
at a peak 1 of the degradation product. At a peak 2 of the degradation
product, nunber- average nol ecul ar wei ght and (wei'ght-average nol ecul ar
wei ght)/ (nunber - aver age nol ecul ar wei ght) were 300 and 1.02 respectively.
At a peak 3 of the degradation
weight) were 229 and 1.01 respectively. At a peak 3 of
the degradation pfoduct, further, number-average molecular
weight and (weight-average molecular weight)/(number-
average molecular weight) were 141 and 1.03 respectivély.
At the total peak of the degradation product, number-
average molecular weight and (weight-average molecular
weight)/(number-average molecular weight) were 182 and
1.39 respectively.
(Example 18) 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 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
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 (chippings),
20 g of ethylene glycol, and 0.2 g of sodium hydroxide
were introduced into a vessel which was similar to that o

Example 17, and treated at 280°C for 3 hours. The

reactant obtained by such treatment was filtered, washed



-34- ° product, nunber-average nol ecul ar wei ght and (weight- average

mol ecul ar wei ght)/ (nunber - average nol ecul ar wei ght) were 155 and 1:02
respectively. At the total peak of the degradation product’ ‘nunber-aveérage
mol ecul ar  wei ght and (wei ght-average nol ecul ar wei ght)/ ( nunber - averagi
mol ecul ar wei ght) were 333 and 2. 93 respectively. (Exanplp42§ms1
Degradation with Triethylene dycol in

_23—

~ with water and THF, and dried. 0.7213 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 unsaturated polyeéter 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 290°C for 3 hours. The
reactant obtained by such treatment was filtered, washed
with water and THF, and dried. 0.4891 g of remainder
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 molecular weight) were
235 and 1.01 respectively at a peak 1 of the degr;dation
product: At a peak 2 of the degradation product, number-
average molecular weight and (weight-average molecular
weight)/(number-average molecular weight) were 156 and
1.02 respectively. At the total péék of the degradation
product, number-average molecular weight and (weight-
average molecular weight)/(number-averége molecular

weight) were 156 and 1.06 respectively.



Appar atus of Stainless 50 kg of triethylene glycol was introduced

into the stainless |00OL reaction vessel 1 fromthe chemcal injection
tank-2, and cooling water was fed to drive the cooler 7 while-the=strrier
6 was rotated to start stirring at 24 rpm Then, BQQ:-g.of &6 BF-"

hydr oxi de was i ntroduced into the reaction vessel 1 fromthe chenica
injection tank 3, and the tenperature was increased by ﬂhgﬂnqgtmnglgﬁbiun1
boiler 5. Then, 29 kg of unsaturated polyXster button shavirlgs were-
i ntroduced into the reaction vessel 1 from the tank 4.

(Comparafive Example 1) Degradation 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 with a stirrer and a cooler which
was similar to that_of 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
of 47.64 %. |

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

2 g of FRP waste, 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 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 degradation rate of 64.73 % with
respect to the waste FRP.

The molecular weight of the deéradation product was
measured through GPC similarly to Example 1. In result,
number-average molecular weighﬁ and (wéight-average

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



After- the tenperature was ralsed up to 250[err]C, treatnent;was:- &Bde\for
hours. After reaction, the heating nmediumboiler 5 was smﬁtched te_cgoT‘n?-~
for -cooling the reaction vessel 1 to 150[err] C, and t her eaf'ter the val' veé'eET |
11 provided on the | ower portion of the reaction vessel 1 mas opquﬁﬂﬂp 997

renove undegraded materials by the TR U RRLL
-35-
_25_

243 and 1.05 respectively at a peak 1 of the degradation
product. At a peak 2 of the degradation product, number-
average molecular weight and (weight-average molecular
weight)/(number-average molecular weight) were 131 and
1.01 respectively. At the total peak 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

100 g of FRP waste, 150 g of ethylene glycol, and 1 g
of sodium hydroxide were introduced into a 1L three-necked
round boﬁtom flask provided with a stirrer and a cooler
which was similar to that of Example 1, 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 %.

(E#ample 22) Degradation with MgO Catalyst under
Pressure

2 g of unsaturated polyester resin waste (chippings),
20 g of ethylene glycol, and 0.2 g éf magnesium hydréxide
were introduced 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



centrifugal separator 12. A degradation liquid of 72.6 kg was obtained,
wth a degradation rate of 77.93 % The nol ecul arffwet ght=of -the——
degradati on product was measured through GPC sinilarljlﬁéFEkQWﬁFeTI?EEﬁl
result, numnber-average nol ecul ar wei ght and (wei ght--aJerage nzleculﬁr

wei ght )/ (nunber - aver age nol ecul ar wei ght) were 2, 744 anb:1. 16} AeAboctdlel y
at a peak 1 of the degradation product. At a peak 2 of the degradation
product, nunber- average nol ecul ar wei&ﬁf and (wei ght-average nol ecul ar
wei ght )/ (nunber - average nol ecul ar wei ght) were 893 and 1.05 respectively.
At a peak 3 of the degradation product, nunber-average nol ecul ar wei ght

and (wei ght- average nol ecul ar wei ght)/(nunber-average nol ecul ar
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 BaO Catalyst under
Pressure

2 g of unsaturated polyester resin waste (chippings),
20 g of ethylene glycol, and 0.2 g of barium oxide were
introduced into a vessel which was similar to that of
Example 17, and treated at 250°C for 5 hours. Thé
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 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 into a vessel which was similar to that of
Example-17, and treated at ZSOfoor 5 hours. The
reactant obtained by such treatment. was filtered, washed
with diluted hydrochloric acid and THF, and dried. 0.8924
g of remainder resin was obtained: akter the drying, with a
degradation rate of 55.38 %.

(Example 25) Degradation with- Zinc Acetate Catalyst

under Pressure




wei ght) were 462 and 1.03 respectively. At the total peak _of the
degradati on product, nunber-average nol ecul ar weight and; (‘ L Ot av**a??
;\15 N

nmol ecul ar wei ght)/ (nunber- average nol ecul ar wei ght) were: and'I.
respectively. - (Exanpl e 29) Re-Synthesis of Unsaturated, PoI éﬁﬁ 1937
Resin 40 kg of the ethylene glycol degradation productﬁ;

Exanpl e 26 (ethylene glycol equivalent: 10.75 nol/Kkg, analyzed by
pht hal ation i n Bunseki Kagaku Bi nran, -gdited by The Japan Society for

Anal ytical Chem stry, p. 316 (1971), by Maruzen Co., Ltd.) was introduced
into the reaction vessel 1 fromthe chem cal injection tank 13, and

2 g of unsaturated polyester resin waste (chippings),
20 g of ethylene glycol, and 0.2 g of zinc acetate were
introduced 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. 0.9600
g of remainder resin was obtained after the drying, with a
degradation rate of 51;97 %.

(C) Examples Employing Apparatus of Stainless

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 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 a
third tank 4 for storing unsaturated polyester resin wast::
to be iﬁjected into the reaction vessel 1.

The reaction vessel 1 is provided with a heating and
cooling medium boiler 5 for heating the reaction vessel !,
and a stirrer 6 which is rotated bywa motor 20 for
stirring a reaéted solution in the reaction vessel 1.

The reaction vessel 1 is further provided with a

cooler 7 for liquefying volatile components which are



-36- ° neutralized wth hydrochloric acid. Then, 16.9 kg of nmaleic
anhydride was injected into the reaction vessel 1 fromthe:thenical @
injection tank 14, and 38.2 kg of phthalic anhydride was added: fronlthe'”“
chem cal injecti-on tank 15. Nitrogen gas was fed at 60 L/h. fro the' '
nitrogen inlet tube 18, and stirring was nmade by the {2 AH

_28_

" generated in the reaction vessel 1, and a receiver B8 for
receiving the liquid resulting from such liquefaction by
the cooler 7.

The volatile components 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, therefore, a trap 9 is provided in
a path connecting the reaction'vessei 1 with the cooler 7.
This trap 9 is structured as shown in Fig. 2, for removing
the sublimable component such as phthalic acid.

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

This apparatus further comprises a centrifugal
separator 12 for removing an unreactant and a filler such
as glass fiber from the degradation liquid which is taken
out from the outlet port 10.

In addition, this apparatus further comprises a
fourth tank 13 storing the degradation liquid, which is
subjected to removal of precipitate; by centrifugation,
for injecting the same into the reaction vessel 1 again
for making re-synthesis reaction, a fifth tank 14 storing

maleic anhydride to be injected into the reaction vessel



stirrer at 84 rpmwhile resulting water was distilled away by heating, and
reaction was made at 210[err]C for 4 hours. Thereafté?"Tﬁe Teactrom _
vessel 1 was cooled to 80[err]C, and 13.6 g of hydroqui none and- 37 4! k@“%?
styrene were added fromthe chemical injection tank 16. Thus, refyciAsg 1981
unsat urated polyester resin of 124.8 kg was obtai ned. Thlsjtﬁpycled“r§31n

was stored in the tank 19. The nol ecul ar wei ght of the Tesin as
obt ai ned was neasured through G°C simla]y to Exanple 1. In result,

nunber - aver age nol ecul ar wei ght and (wei giit - average nol ecul ar

wei ght)/ (nunber - aver age nol ecul ar wei ght) were 1,274 and 1.62

respectively. For referepnce, Lt | ointe t. tha Palylite,210M by
Dai ni ppon | nk 1anQ ﬁﬁ%ﬁ#chQF ig s%oglng pgthailc an%yd 1ak 't'e® ve

injected into the reaction vessel 1, a seventh tank 16

storing styrene 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-synthesis
reaction.

Through the recycling apparatus having the
aforementioned 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 drive-the cooler 7. Volatile components which are
generated during reaction are ligquefied 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 stirrer 6 is rotated by the motor 20, to
start stirring the solution contained in the reaction
vessel 1. Then, sodium hydroxide fér serving as a
catalyst is injected into the reaction vessel 1 from the
second tank 3, and thereaftér the reaction vessel 1 is

heated by the heating medium boiler 5. Then, unsaturated



I nc. has nunber-average nol ecul ar wei ght and (wei ght- average nol ecul ar
wei ght )/ (nunber -average nol ecular weight) of 1,646 and[@3=26-tespectively.
(Exanmpl e 30) Re- Synthesis of Unsaturated Pol yester Res”W?Eﬁ4uﬁ§§@;R§;TEF
the triethylene-glycol degradation product 0~ O ,
-37- 3[Dﬁw
i
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polyester resin waste is introduced into the reaction
vessel 1 from the third tank 4, to make degradation
reaction. |

After completion of the degradation reaction, the
heating medium boiler 5 is switched to cooling, 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 dggradation li§uid as taken out is centrifuged by
the centrifugal separator 12 for removal of precipitates,
and thereafter fed to the fourth tank 13 by a pump 17.

The degradation liquid resulting from the
aforemen£ioned degradation reaction is again injected into
the reaction vessel 1, for re-synthesis reaction.

Then, maleic 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 méke re-synthesis reaction. 1In the re-synthesis
reaction, nitrogen gas is introduced into the reaction
vessel 1 through the nitrogen inlet tube 18, so that the
reacted solution is stirred by thehgtirrer 6.

After reaction, the reaction vesse; 1l is cooled and
styrene is injected into the same from the seventh tank

16, to obtain recycled unsaturated polyester resin. This



obtained I n Exanpl e 28 (ethyl ene glycol equivalent: 2.25 nol/Kkg, analyzéd

by phthalation in Bunseki Kagaku Binran, edited by The Japan Society for

Anal ytical Chemistry, p. 316 (1971), by Maruzen Co., LT ) Was [INLTQf é?
i

into the reaction vessel 1 fromthe chenical injection tank"13" " and =~
neutralized with acetic acid. Then, 13.24 kg of nuleic; anhydyi & pesany
injected into the reaction vessel 1 fromthe chenical}iﬁfétttddgﬂﬁﬁﬁffﬂ

Ni trogen gas was fed at 60 L/h. fron11% _nitrogen inlet tube 18, and
stirring was nade by the stirrer 6 at g romwhile resulting water was
distilled away by heating, and reaction was nmade at 200[err]C for 3 hours.

" recycled resin is stored in a tank 19.

Description is now made on Examples of degradétion
and re-synthesis carried out through this apparatus.

' In the following Examples 26 to 30, chippings of
buttons consisting of unsaturated 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 prepéring samples.

On the other hand, shavings of the buttons were
employed for degradation with glycol as such.

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

40 kg of ethylene glycol was introduced into the
stainless 100L 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 rpm.

Thén, 800 g of sodium 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, 20 kg of unsaturatéd polyester button
shavings were introduced. into the reaction vessel 1 from
the tank 4.

After the temperature was raised up to 197°C,



Thereafter the reaction vessel 1 was cooled to 80[err]C, and 10.10 g of
hydr oqui none and 30. 35 kg of styrene were added fromthe chem cal
injection tank 16. Thus, recycled unsaturated polyesteriesi n=of==10t=2=kg,
was obtained. <This recycled resin was stored in the tank~39.4#-55" 7 THEET

nol ecul ar wei ght of the resin as obtai ned was m&*asuredg;t_br,ough_‘]CftCAUEr (}997'
- ght---an

simlarly to Exanple 1. In result, nunbg&;average nnleﬁgtgﬁﬂmerg -.and.....
- ura

(wei ght - average nol ecul ar wei ght)/ (nunb@f aver age nol ecur ar —wei ght )~ Were

906 and 1.61 respectively. For reference, it is pointed out that "Polylite
210M' by Dai ni ppon I nk and Chem cals, Inc. has nunber-average nol ecul ar

wei ght and (wei ght- average nol ecul ar. wei ght)/ ( nunber - aver age _.nol ecul ar
g ( trégtment waSQmade or 4 hourg a%d(48 mgnutes. gAfter

reaction, the heating medium 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 reaction vessel 1 was opened to femove undegraded
materials by the centrifugal separator 12. A degradation
liguid of 43.45 kg was obtained, with a degradation rate
of 17.25 &.

The molecular weight of the degradation prodﬁct was
measured throﬁgh GPC similarly to Example 1. In result,
number-average molecular weight and (weight-average

- molecular weight)/(number-average molecular weight) were
247 and i.OS respectively at a peak 1 of the degradation
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 weight)/(number-average molecular
weight) were 201 and 1.12 respectively.

(Example 27) Degradation with Diethylene Glycol in
Apparatus of Stainless i

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

injection tank 2, and cooliﬁg,water was fed to drive the



-38-" weight) of 1,646 and 3. 26 respectively. Al t hough the present

I nvention has been described and illustrated in detail, it is clearly

understood that the sanme is by way of illustration and exanple only and is

not to be taken by way of limtation, the spirit and scope of the present

I nvention being limted only by the terns of . ﬂtp.mi_.
g4 Ay =

—33._

" 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 vessel 1 from the chemical injection tgnk 3,
and the temperature was increased by the heating mediﬁm
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
heating medium boiler 5 was switched to cooling for
cooling the reaction vessel 1 to 150°C, and thereafter the
valve ll”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 degradation product was
measured through GPC similarly to Example 1. In ;esult,
number—éverage molecular weight and (weight-average
molecular weight)/(number-average molecular weight) were
2,084 and 1.14 respectively at a peak 1 of the degradation
product. At a peak 2 of the degradétion product, number-
average molecular weight and (weight-average molecular
weight)/(number-average molecular weight) were 300 and

1.02 respectively. At a peak 3 of the degradation.



t he appended cl ai ns. CLAI M5

met hod of

of =~ preparing unsaturated pol yester resin waste,
unsat urat ed potyester resin waste with glycol under a pressure, thereby"<

1. A

recycling unsaturated polyester resin waste, conprising the steps
degradlng Sald'm——

obtaining glycolic raw naterial; and synt hesi zi ng unsaturatqdﬁgmﬂyégaer
resin by reacting said glycolic raw material w th dibasic acid.

_3 4_

" product, number-average molecular weight and (weight-

average molecular weight)/(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 moleculaf weight)/ (number-
average molecular weight) were 333 and 2.93 respectively.

{Example 28) Degradation with Triethylene Glycol in’
Apparatus of Stainless

50 kg of triethylene glycol was introduced into the
stainless 100L 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 6f 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
shavings were introduced into the reaction vessel 1 from
the tank 4.

After the temperature was raised up to 250°C,
treatment was made for 5 hours. After reaction, the
heating medium 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 reaction

vessel 1 was opened to remove undegraded materials by the



2. A nethod of recycling waste of a fiber reinforced pl astic product
containing glass fiber and an unsaturated pol yester resin, rQQﬂpLLStﬂg~ihe———

st eps of: preparing waste, degradi ng said waste mnth1ghycol -t her SgET
obtaining glycolic raw material; and synt hesi zi ng unsatur ated Q‘ol gst(er
resin by reacting said glycolic raw material w th dibasic a i

met hod in accordance with claim1 or 2, wherein said dlbaSIb_ﬁ£Ld fnelades
unsat urated di basic acid sel ected from the group consisting of maleic
anhydride, fumaric acid and itaconic act3—and saturated dibasic acid
selected fromthe group consisting of phthalic anhydr| de, isophthalic acid,

terephthali.c acid, tetrahydrophthallc anhydn

met hyl t et r ahF@ndFHE 1c sepagfirs ik, &h ?ﬁﬁ%ﬁ@ﬂe¥+%ﬁyﬂr85h?ﬁaﬁlBg

anhydride, adipic ach sebaci.c aci d chl orend c

(1,4,5,86, 7, 7wal"|"e>?é’cf‘l"i'll6’ret?a (‘,"Sr‘éﬁ}ba degzadation Fals d -E’ BQSi %ar boxyl i c

api d). and tet rabr,I@lm)ph anfydgrﬂtdeof the degradation product was

measured through GPC similarly to Example 1. In result,
number-average molecular weight and (weight-average
molecular weight)/(number-average molecular weight) were
2,744 and 1.16 respectively at a peak 1 of the degradation
product. At a peak 2 of the degradation product, numbei-
average molecular weigh£ and (weight—average molecular
weight)/(number-average molecular weight) were 893 aﬁd
1.05 respectively. At a peak 3 of the degradation
product, numbér-average molecular weight and (weight-
average molecular weight)/(number-average 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 phthalation in.éunseki Kagaku Binran,
edited by The Japan Society for Analytical Chemistry, p.
316 (1971), by Maruzen Co., Ltd.) was introduced into the

reaction vessel 1 from the chemical injection tank 13, and




4. . A nmethod in accordance with claiml1 or 2, further conprising a
step of feeding nitrogen gas for reacting said glycolic raw material with
sai d di basic acid. 5. A nmethod in accordance with claim. -3, further
conprising a step of feeding nitrogen gas for reacting said glycolic:raw:
material with said diisocyanate conpound. |
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neutralized with hydrochloric acid. Then, 16.9 kg of
maleic anhydride was injected into the reaction veésel 1
from the chemical injection 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 was distilled away
by heating, and reaction was made at 210°C for 4 hours.

Thereafter the reaction vessel 1 was cooled to go°C,
and 13.6 g of hydrogquinone énd 37.4 kg of styrene were
added from the chemical injection tank 16. Thus, recycled
unsaturated polyester resin of 124.8 kg was obtained.

This recfcled 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-average molecular weight) were
1,274 and 1.62 respectively. For reference, it is pointed
out tha£ "Polylite 210M" by Dainippon Ink and Cﬂemicals,
Inc. has number-average molecular weight and (weight-
average molecular weight)/(number -average molecular
weight) of 1,646 and 3.26 respectiﬁély:

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

60 kg of the triethylene glycol degradation product



6. An apparatus for degradi ng unsaturated polyester resin waste,

conpri si ng: a reaction vessel of. stainless steel; flrst

i njection means for injecting glycol into said reactlan vessé] ~uer'

second injection neans for injecting a catalyst into said qu T |
d wJS‘ter

vessel ; third injection neans for injecting unsaturate

resin waste into said reaction vessel; heati ng nmeahs.for Heating ™
said reaction vessel; cooling neans for cooling said reaction

vessel ; a stirrer for stirring a reacted solution in said reaction
vessel ; =37~

obtained 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 into the
reaction vessel 1 from the chemical injecﬁion tank 13, and
neutralized with acetic acid. Then, 13.24 kg of maieic
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 stirring was
made by the stirrer 6 at B4 rpm while resulting water was
distilled awaj by heating, and reaction was made at 200°C
for 3 hours.

Thereafter the reaction vessel 1 was cooled to 80°C,
and 10.10 g of hydrogquinone and 30.35 kg of styrene were
added from the chemical injection tank 16. Thus, recycled
unsaturated polyester resin of 101.2 kg was obtained.

This recycled resin was stored in the tank 19.

The molecular lweight of the resin as obtained was
measurea through GPC similarly to Example 1. 1In result,
number-average molecular weight and (weight-average
molecular weight)/(number-average molecular weight) were .
906 and 1.61 respectively. For reference, it is pointed
out that "Polflite 210M" by Dainippon Ink and Chemicals,
Inc. has number—average molecular weight aﬁd (weight-

average molecular weight)/(number-average molecular



a cooler for liquefying volatile conponents, . including a sublinng
conponent, being generated in said reaction vessel;

-41- ‘ a trap.being provided in a path connecting said reaction
vessel with said cooler for renmpving said sublimng conponent being . ==
generated in said reaction vessel; and ’ I
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' weight) of 1,646 and 3.26 respectively.
Although thé pfesent invention has been described and
illustrated in detaii, it is clearly understoqd 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.



an~0ut|et port being prOV|ded I n sapd_LQagLng_xgssel for taking out a
degradatlon liquid resulting from ﬂegqa aI “Fon in said reaction

vessel . 7 An apparatus in agcor caﬂ "_thB fMim 6, _ wherein_ said
reaation vess l.B::An aﬁparatus kp-aceordancepit h

claimé6 , "Emg EEEH!I.’Arat ed polLygster resin! imast e i nc) Udgs~ ¥ E#te
of a fiber reln product containing glass. flberxﬁ ' i 9

An apparatus for recycllng unsat urated pol yester resknR-waste, CQHDILSﬂng
' - CLAIMS

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

preparing unsaturated polyester resin waste,

degrading said unsaturated pdlyester resin waste with
glycol under a pressure, thereby obtaining glycolic raw
material; and ' '

synthesizing unsaturated polyester resin by reacting

said glycolic raw material with dibasic acid.

2. A method of recycling waste of a fiber reinforced
plastic product containing glass fiber and an unsaturated
polyester resin, comprising the steps of:

preparing waste,

degrading said waste with glycol thereby obtaining
glycolic raw material; and

synthesizing unsaturated polyester resin by reactlng

said glycolic raw material with dibasic acid.

3. A method in accordance with claim 1 or 9, wherein
said dibasic acid includes unsaturated dibasic acid
selected from the group consisting of maleic anhydridef
fumaric acid and itaconic acid, and saturated dibasic acid
selected from the group consisting of phthalic anhydride,
isophthalic acid, terephthalic acid, tetrahydrophthalic
anhydride, methyltetrahydrophthalic anhydride,
endomethylenetetrahydrophthalic anﬁ&dride, adipic acid,"
sebacic acid, ~chlorendic acid (1,4,5,6,7.,7-
hexachlorobicyclo [2,2,1]-5-heptene-2,3- d1carboxyl1c
acid), and tetrabromophthalic anhydride.




a +eaction vessel “of stalnless steeJ,m tﬁﬂf_fLLsi LD ectlon means for
i njecti'ng glycol into said reactlbn vessel . - cond i nj.ectiop _means
“for.injecting a catalyst into said reactlon vessel 2 Ct.hiord: |njec&§on

means for rat ed polyester r-esi-n wast e |nto sai d reggﬁlon
vessel ; ”mm mﬂ ﬂ;gg! for heating S%I d reaction vessel 14 M\ﬂ I ng

nmeans for c¢ooki ng sal ction vessel;

4. A method in accordance with claim 3, further

comprising a step of feeding nitrogen gas for reacting
said glycolic raw material with said diisocyanate

compound.

5. An apparatus for degrading unsaturated polyestei
resin waste, comprising:

"a reaction vessel of stainless steel;

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

second injectioh means for injecting a catalyst into
said reaction vessel;

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

heating means for heating said reaction vessel;

cooling means for cooling said reaction vessel;

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

a cooler for liguefying wvolatile components,
includiné a subliming component, being geﬂerated in said
reaction vessel; .

a trap being provided in a path connecting said
reaction vessel with said cooler for removing sai&
subliming component being geherated in said reaction
vessel; and :

an outlet port being provided in said reaction vessel
,qu taking out a degradation liquid resulting from

degradation reaction in said reaction vessel.




- AR - a stirrer for stirring in said reaction
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vessel ; ° -a cooler for liquefying NgI- TWe~c0hp©ﬁENtsr::-
-SUbI1n1ng conponent, bei ng generatedrfn.satﬂ ~fehEt i on vaes$§Els A7 TE YHERD

bei ng prov Lﬂn '] nnecting said reacflﬁn‘vesseh with said co
for rermw ’ I"‘JHﬂLMg conponent bei ng generated. |n sal d ﬂdadthoﬁéﬁr
vessel ; $ o -41-~

6. An apparatus in accordance with claim § ,

wherein said reaction vessel is closable.

7. An apparatus in accordance with claim 5.,
wherein said unsaturated polyester resin waste includes
’Gaste of a fiber reinforced plastic product containing

glass fiber.

8. An apparatus 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 injecting a catélyst into
said reaction vessel;

third injection means for injecting unsaturated
polyester resin waste into said rgaction.éessel;

heating means for heating said reackion vessel;

cooling meéns for cooling said reaction vessel;

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

a cooler for liquefying vblatile components,
including a subliming component, beingmgenerated in said
reaction vessel;

a trap being provided in é path connecting said
reaction vessel with said cooler for removing said
subliming component being generated in said reaction

vessel;




an Gutl et. port belng prOV|ded I n sald reactlon vessel o %@q taklng out a’
degradatiion liquid resulting from Tz .rGHNI sald reaction

deorsdat i on | IR m S o S oo Lot o2 i e

i nj ection means forLreuqu |ng sai d gradation liquid, belng 1r Eﬁﬂ
subj ected to renoval of preci pitates D¥“Tentrifugation through. 5&415\
centri fugal separator, into said reaction vessel for re- synthe5|s"
reaction; ' fifth injection means for injecting maleic anhydride

into said reaction vessel; sixth injection nmeans for injecting
phthalic. . an outlet port being provided in said reaction vessel

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 removal of
precipitates by centrifugation through said centrifﬁgal'
separator, into said reaction vessel for re-synthesis
reaction;

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

sixth injection means for injecting phthalic
anhydride into .said reaction vessel;

- seventh injection means for'injectiﬁg styrene into

said reaction vessel; and
- a nitrogen inlet tube for introduéing nitrogen gas
into said reaction vessel being under re-synthesis
reaction,’ '

for re-synthesizing recycled unsaturated polyester
resin in said reaction vessellwhile carrying out heating

by said heating means and stirring by said stirrer.

9. An apparatus in accordance with claim 8,

wherein said reaction vessel is closable.




anhydride into said®eaction vessel; . .. -ﬁevenththchtlon means for '

|nJecr|ng styrene into  said reactpo' g\ fr 4 AdnfgEEN =
-33 - a nitrogen inlet tube fofli In trggucA?@Pnltrogen gasﬂbhnﬂx
reactlon vessel being under re- synth = . ufor
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\ 10. An apparatus in accordance with claim ,8,-
wherein said unsaturated polyester resin waste includes

waste of a fiber reinforced plastic product containing

glass fiber.




resin in said reaction vessel while carrying out heatir e
means and stirring by said stirrer. ' . .10. An apﬂ h@buSCEﬁ*aééﬁ@ﬁﬁ
A

nge
with claim9 wherein said reaction vessel is.closable n
apparatus in aecordance with claim9, wherein said @g@;urated ---------------
pol yester resin waste includes waste of a fiber rei
product contai ni ng gl ass fi ber. 1/2
FIG. 1
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