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L 9 : A4 poly(ethylene terephthalate) (PET)2] ST E|A|A¢} o|d7|Alate] 5L 5
sled st B¥3lZa o A2 (unsaturated polyester:UPE)E 438l AEHA 2w (sty-
rene monomer:SM) 2 3Asle] EXFEEAHE $£X]E ARSI, PETY T FeAAE
23l propylene glycol (PG) ¥ dipropylene glycol (DPG)& AMg3lgom, 588 39
o|gr|iter T ANE ALt UPES] £x8-2 UPE Al&A] PET H71EE 37H4)71
AL o)H7|4H/2E 29 HIE FITE FolHth T3 FYS oA A4 PETY Z€]Z2]A
2o PGE AH23 95t DPGE AHRSH 49 UPE REx1o] &3ith. UPE 4] A xA] PET
o] Hm, PETY ZejEElAl2o| PG tldl DPGE AMRS 79 SMe 2 343t UPE 439
HArE e Aol BEEUCH g UPE $x9 HE ol AHH{HT o]&d 7|23
Doolittle 2102 3jA& 4= JAUTH.

Abstract . Various unsaturated polyester (UPE) resins were prepared by glycolysis of recy-
cled poly(ethylene terephthalate) (PET), condensation polymerization of glycolysis product
with dibasic acid, and dilution of the UPE with styrene monomer (SM). For the glycolysis of
the PET, propylene glycol (PG) or dipropylene glycol (DPG) was used and maleic anhydride
was used as a dibasic acid of condensation polymerization. Molecular weight of the UPE in-
creased as the PET content of the resin or dibasic acid/glycol ratio was increased. The mole-
cular weight of the UPE also increased when DPG was used instead of PG in the glycolysis
of the PET at the same conditions. It was found that viscosity of the UPE resin decreased as
the PET content of the UPE was decreased and DPG was used instead of PG in the prepara-
tion of UPE from recycled PET. The difference in viscosities of the various UPE resins were
interpreted employing Doolittle equation based on free volume concept.

Keywords : unsaturated polyester, recycled poly(ethylene terephthalate), viscosity, Doolittle
equation.
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Table 1. Sample Code and Recipe of the UPE Pre-
pared from Recycled Poly(ethylene terephthalate)
(by molar ratio)

Table 2. Hydroxyl Value and Number Average
Molecular Weight of the UPE from Recycled PET

Hydroxyl Value Number Average

Sample Code PET* PG DPG  MA Sample Code =t KOH/g) Molecular Weight
A1 14 14 - 1.0 Al 95.02 1.18%10°
A-2 1.2 14 - 1.0 A-2 97.05 115X 10°
A-3 1.0 14 - 1.0 A-3 110.10 1.02x 10°
A-4 0.8 1.4 - 1.0 A-4 119.32 9.39 X 10?
A5 0.6 14 - 1.0 A-5 146.64 7.74%10?
B-3 1.0 12 - 1.0 B-3 7558 1.48%10°
B-4 08 12 - 1.0 B-4 75.43 1.48 X 10°
D-3 1.0 - 12 10 D-3 63.65 1.76 X 10°
D-4 0.8 - 12 10 D-4 66.59 1.68 % 10°

*Repeat unit of poly(ethylene terephthalate).

meter : DSC, DuPont TA2000) & o] &3} -100°C
BB 100C 74X 2% 10CH A 2971504
£235M A A)23 UPEQ faHoleEE 233}
Aok Aol B UPEE Al%Fg SMez 343}
o UPE gato] FAVIZ 60%2 &A4 £X&
nHERed, FH AR AIF =R
(hydroquinone)& FAIHIZ +xl8] 0.05% H7}
3 & 5C o3tz §Xd PA e BHEshct. ¢
)8} AT = cone-plate E}Y 9 & 298 (Rheom-
eter, Carrimed Weissenberg Rheogoniometer R~
21)E o] &3l 25°CelA Sk, H rEol
ZA% coned) ZEx 4°0l 2 A73-L 20 mmFUtt.
UPESA:= RER /4 S48 2glon Huss
Isec! oM FEE FHst vlasRitt

23 4 313

)

Table 2o= A4 PETE o]&3t A&+
UPE $)9] 4719} o] 2R A4ld +3¢F &
222 vepigT}. A4 PETZHE %3 UPE
Z A-N2lz9] B¢ $HF 2AFE PET 37t
o] A4S Fadte FFPol FAEHUH. ol
3 A A PETS Exkgo] Al PET 43
o vlate] 2§ 7+ L A BAHIA RFobrhar
AZtH A PG == DPGY EAzRg ¥

#F2i A194 A3E 19954 54

A 27] wWge] UPES] AlzAl 71ee] B2
gelge) B 2AY 371 kg Rols o
Ao woEt. A-A2ze) UPEe st
FuE/2UE vE 3T B-APzY
UPEE 2x1go] 37kstgom, 44 PETS) 2ol
FelAzo] DPGE g% D-Algze UPE:
PGE A8 B-Al2lze] UPENTH ¥algo] &
o =4o] BN TrHANS 22 A
ol9) ZFPNN FH=BA7)/F4) FEH()E
Table 1614 1uth 288 & % Qov, 3¥=
(X0 wHgel 100% AW B9 thgw 2ol vt
B 4 ok

2
T
o

s

=
=
A
=]

X = 5—= (2)

A (@) rire) B45 FUEI FARE
% it B-Al2l= UPE9) Exjge] A-Algz
UPES) EAuTt 58 AL A(2)014 o] 25E
vlol o) ygtel F7kskd FRET 27| WEQ
Aoz #o Wrh. ¥W PETY Iz
DPGE A}&% D-Al2l= UPE®] #xiso] PET
o) ZegelA20] PGE A8 B-Al2lzo) ula}
o xo AL FUF FREAALE DPG £
o] PGur} 7] fLolct.

Table 30l= Z{A PETE o]&3ld A|x3H
UPEE SMeo =z 3A&e] UPEEo] FAHZ

355



ra-olus-uy-93¢-2% %

Table 3. Viscosity of the Various UPE Resins
Using Recycled PET at 25°C

Sample* Viscosity(Pa-sec)
A-1 1.180
A-2 0.856
A-3 0.586
A-4 0.422
A-5 0.245
B-3 1.334
B-4 0.856
D-3 0.559
D-4 0.432

*The samples are solutions of 60 wt% UPE in SM.
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Table 4. Glass Transition Temperatures of the
UPE Resins

Sample To(K)! T(K)?
A-1 270.9 2274
A-2 270.4 227.1
A-3 265.1 223.9
A-4 258.3 219.8
A-5 246.9 213.1
B-3 273.8 229.1
B-4 271.2 227.6
D-3 265.6 224.2
D-4 260.7 221.3

! Glass transition temperature of UPE before dilution by SM.
? Calculated glass transition temperature by eq. (6} for the
solution of 60 wt% UPE in SM.
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n(Pa 10 sec)
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15 16 17 18
1/{0.025+4.8x10-*(T~Ty}

Fig. 1. Viscosity(s) of UPE resin versus recipro-
cal of free volume fraction, 1/{0.025+4.8x 10
(T-T,)}, at 25C.
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