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Project Title Synthesis of Unsaturated Polyester Resin

from PET Waste Bottles

Hame of the Investigators Saowaroj Chuayjuliit and

Amorn Petsom
Year 1994

Abstract

PET waste bottles can be recycled by depolymeriza-
tion in excess glycols, such as ethylene glyccl, propylene
glycol and diethylene glycel in the presence of a zinc
acetate catalyst . The reaction was carried out at 190 %
under reflux for 8 hours in a nitrogen atmosphere . The
glycolyzed products contained predominantly of bis(hydroxy
ethyl) terephthalate (BHET) which is PET monomer . These
glycolyzed products were reacted with maleic anhydride and
mixed with styrene monomer to get unsaturated polyester
resins. The resin can be cured by using methyl éthy ketone
peroxide (MEKPO) as the initiator and cobalt octoate as an
accelerator. The physical and mechanical properties of the
PET wasté based resins were found to be comparable with
the general purpcse resin. Hardness , bending strength and
softening point of the resins are higher than that of the
general purpose resin . The PET waste based resin offers a
new class of unsaturated polyester that can make casting

- products, fiber-reinforced plastics and cultured marble.
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ASTM
BHET
DEG
DMT
DSC
EG
FDA
GRP
HDPE
ICT
IR
KJ/m2

LDPE

MEKPO -

MOR
MPa
N/mm
PBT

PET

SFSTMUOTISONIS SO

American Society for Testing and Materials
Bis(hydroxyethyl) terephthalate
Diethylene Glycol

Dimethyl Terephthalate
Differential Scanning Calorimetry
Ethylene Glycol

Food and Drug Administration
Glass Fiber Reinforced Plastics
High Density Polyethylene
Imperial Chemical Industries
Infrared

kilojoule per Square metre

Low Density Polvethylene

Methyl Ethyl Ketone Peroxide

Modulus of Rupture

Megapascal

Newton per Square Millimetre
Polybutylene terephthalate
Polyethylene terephthalate
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Polypropylene
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Terephthalic Acid
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4.4.1 #2vuuds (hardness) wandsnedounlnuuiefluiaie

' i
giiﬁgmaé $iin Shore D w9l lumsef 4.4

o ' & a i @
fN97197 4.4 KANTTNOFOUBIANAINUUY IV INDR LOF LAD LY

a77uude (shore D)

gaah
1 2 3 4 5 6 | tadu
198usnlv99m| 75 | 75 | 90 | 60 | 35 | 50 | 64.2
‘U’iﬁ‘lf'}éﬁ

3 50 | 52 | 50 | 65 | 46 | 55 | 53.0

4 65 | 60 | 70 | 65 | 80 | 70 | 68.3

5 55 | 55 | 70 | 60 | 60 | 55 | 59.2

6 32 | 30 31 | 47 | 80 | 41 | 3.5

7 70 | 70 | 70 | 85 | 90 | 85 | 78.3

8 50 | 60 | 40 | 53 | 60 | 52 | 52.5

Yamunsaan

3 80 | 50 | 52 | 50 | 47 | 50 | 54.8

10 55 | 65 | 65 | 50 | 60 | 58 | 58.8

11 8o | 75 | 75 | 8o | 80 | 75 | 77.5

12 80 | 80 [ 80 | 60 | 70 | 70 | 73.3

dndustinSeay

13 46 | 35 | 65 | 60 | 50 | 55 | 51.8

14 46 | 65 | 70 | 45 | 65 | 55 | 57.6

15 85 | 75 | 70 | 85 | 85 | 85 | 80.8

16 60 | 62 | 82 | 70 | 72 | 70 | 69.3
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4.4.3. BENDING STRENGTH NANITNAFOUAIAINNAR LA ILER
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¥ 4

VNAUIEG  40:60 25.21
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9AaN: PG 40:60 38.40
WH: PG 40:60 : 25.15

¥ 4

¥19Au:DEG 40:60 38.40
gnau:DEC 40:60 _ 22.33
NEN:DEG  40:60 38.40
LT3URNIALTIIU 17.20




39
[ S o &
4.5 uwanisniudasae W Lussnand
4.5.1 dnwuzus:duiaved sfundatasievle
o
1. Huvegivadviled indesoutnaia Tudaugs
2. A2UrHaYD 9 L5BULYINAY 992 Budneud  (Jeaay
A 1 ar

\A599 Brookfield viscometer) LVinAuL5BuUY0ILTIINY

J
3. gel time ua: cure time vo9133unNFeLagev

. 4
1o huudu L5Buanls g9y ua@aiﬁiugﬂﬂ 4.1

TEMP ( C)

55

- {n),

~=(1),

30
0 10 20 30 40 50 60 70 8C 90 100
TIME (min)

. < v & 1 = < o
‘E“U‘ﬂ 4.1 ﬂ’muﬁ’nwuﬁizwnaqquuu,a: LIgNuni e L‘S%HLHJ\WI']

3
=~

A ° = ' < .
4. 153undsiaansid st lud tpanevinqutaSeg IR

. 4
way DSC U3y tiuuniy 193U 9 L 5997Y uaﬂqiﬁiuguw 4.2 uar 4.3

ANE N
4 40 1
ngURl 4.2 wxiiu peak fidaumis 1725 39 fuves c=0
o, - ] 3 '4 a 14\ [~4
uar 1269 luvey C-0 ﬂagiuwyLaﬁLwas dudnUIn 1646 1uve
= o 5 -3 St
c=C ‘lustlsurdnvevdlniu wardiunis 2700-3994 iluveIny OH Fafi
s luinn3elnanea duitnswis 2 Feurdu fAiaeld peak 7lndiAvariu
A d. e
INNFUR 4.3 (n)  Irudey Ty Y03 L3BURNFI LA 1E9 1d  tinry

=

o o 4
220.10 ®89f LB L Fud ﬁﬁﬂiugﬂ 4.3 (%) UANINNT LUAVU WA QNN U

a2
4 - _ s
131.81 avrizaidud  uar T Viemnnil 206.60 09F 18 1Bud  Tadn

]



40

' P ¥ o 1. A ~
ﬂ?ﬁ%adtiguﬂﬁdLﬂﬁﬁzﬁnﬂ hae peak_%:ﬂﬁﬂdﬂdﬂ U IINNUNTIINS9LINY

Vv 1
madﬁﬁwﬁﬂTNLaanﬁﬂﬁﬂtad

M| —— 0P

s
m N
w \\av“w\) m\ / ‘W\ o Nf \

4N N |
‘ /!j \IL . |

|
|
| |

.;ﬁ (n) ’f ‘\ j \J]
ol i\} v

L
1

()

o |

8.0

T T ] | T T T . T ]
1800 16000 1400 100 %0 BOO 600
4000.0 =0 0 > 200.0 @00

oL
A < I's Py 4 Q 1o o o )
FUN 4.2, Wan19 Lﬂ‘i’\t‘ﬂWi’)aLﬂﬂtﬂ@iL‘i‘%uﬁiu@‘lNﬂuﬂﬁﬂ’JU ta9943 IR
Spectrophotometer

d
S (n) BuideeTnedla () 19Bueinlavenu



41

3 = BL2610 Subt. from RE4 (RE4)
!
2.5 T peak from: 158.75 '
: to: 281.95
Onset= 207.67
J/g =-324.04
5 4
E
i3 i
=
o
J
(15
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Y +
w
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7'5 4 (n)
T - ; Peak= 220.10
A s . 1 + 2 1 - - 4
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= 4 y 1
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8.1 niwMIA1lgnsenda (HYDROXYL VALUE)

4 =

1. %1 KHP (99.99 %) nqanuﬁaﬂqmwgm 120 a9fn-
581308 Wuiian 2 $2Tug udatAunaciold tBuluted in oy

2. §9 RHP athearidum 3 dau  udarduwin 3.000
nsN 1dlu Erlenmeyer flask 3 ‘u

3. @mindu 275 n1 acluvanudazdy  Ludnau KEP
BEAUVNA

4. lainsngnaareny KEP 4 AU KOH  Toud phenol -
phthalein (Hududinined

5. A198IUM

N = S x 1000
204.33 x V

N = DNormality %93 KOH
s = sdminSunduves KEP
vV = yY3uesifiu ml wes ko #14%unnsln tase
8.1.2 0131W0 Hydroxyl Value

1. 1@3yy pyridine/acetic anhydride = 88/12
(V/V) daat 13undn acetylating solution

2. $esr00nd 0.5 ndu i acetylating solution
10 m1 ‘Tuvedunanvunn 50 ml

3, #o reflux condenser uatindesniuly boiling
water bath ifluinan 2 F2lus
4. ﬁal%ﬂﬁnﬁuﬁqmﬁqﬁﬁas uaninluldlu flask 3nfly

(] 4
ﬁﬁdédﬁﬁQGQ 100 ml ﬂﬁuﬂﬂﬁdﬁﬁﬂl%ﬁ
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5. du benzene 20 ml nauld 9y

6. tdrsararvillemeniy 0.5 N KoH  lewld
phenolphthalein (Hudufinined

7. - %1 blank test Tauldldansdredne

8., AISAUM

hydroxyle value = [(B-A)N x 56.1]
W
Tov A = ml wes KoH #114%unn5lninsnarsdledna
B = ml w989 KOH 71d%un17la a8 blank
N = Normality %89 KOH
W= Sunduvesdrsdiedneild
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