2.1 (Polyester)

polymerization)
2

(OH)

Adipic
Sebacic

Phthalic anhydride

Isophthalic
Terephthalic
Benzenetricarboxylic

Maleic (anhydride)
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(polybasic acids)
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Cco ortho
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C6H3(CO2H)3

CH-CO

CH-CO»
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(condensation
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(polyhydric alcohols)
2.2

[1]
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2 (as acid)



2.2 [1]
Ethylene glycol HOCH2CH20H 2
Diethylene glycol hochZhZochZh2oh 2
1,2-Propylene glycol HOCHZCHMeOH 2
Trimethylene glycol HOCH2ZCH2CH20H 2
1,4-Butanediol HOCHZH2ZCH2ZCHZ20H 2
Neopentyl glycol HOCH2CMe CHZ20H 2
Glycerol HOCH2CH(OH)CH20H 3
211
1 (esterification)

hok-r-cozh + ho-r'-oh ° W hoZk-r-co2r'-oh+ 2

2. (ester interchange)

HO-R-OH + nR"-0C-R™- CO2R"A = A R"0(-0C-R"-CO-RO-)rH+(2n-1) r"OH

CI-OC-R-CO-Cl + ho-r'-oh =------ ) ci-oc-r-cor'-oh + HCl



C0-0,

+ HO-R-OH HO-R[0,C(CH,) ] OH
(CH2
1 2 1
2
3
4
[1]
2.12
3
1.
2.
3.
2.2 (Polyethylene Terephthalate, PET)
21

(Whinfield & Dickson)
The Calico Printers Association Ltd.

(dibasic acid)

(Dupont)



(Imperial Chemical Industries Ltd.,ICI)

. .1953 Dacron
Terylene [2]
Ty
HOCH CH20----- C C—O0OCH CH O‘)ﬁH
N/ 2 2 |,
2.1 [2]
. .1970
1.
2.
3.
4,
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1 ' (ethylene glycol, EG)
200
20
0
I\ + H O e » HOCH CH OH
h2C - CH?2 2 2 2
197
2. (dimethyl terephthalate, DMT)
150-250
1 atm 200
: , (terephthalic acid, TPA)
!
O 0
CH3 c=—0H C— 00 3
/-V hno3 CH OH
no 3 \
ST TTY } |
150-250°c A
ch3 c — OH C— OCH
Il
O 0

142 3]
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(direct esterification)

(ester interchange)

1
150-200

-2- [bis(2-hydroxyethyl)terephthalate, BHET]

HOCH2CH20 ¢ — — COCH2CH20H + 2HO

BHET



DMT + 2EG

CH30C— f \%

0

T
HOCH CHZ2o0c

polymerization)

O< 2< 2coo0e-

O< 2< 2coo0e-

O< 2< 2cooe-

-*— » BHET + 2methanol

COCH3 + 2HOCH2CH20H

i
1

0

COCH CH OH + 2CH3OH

y

BHET
(solution
270-285
-COOCH2CH20H
HOCH2CHZc 0 0 ¢ - -COOCH2CH20H
-COOCH2CH20H
HOCH CH20H
r 0
-COOCH2CH20-mc- -COCH2CH20



(melt polymerization) [4]

2.2.3

N (TJ 265

2.2.4

A TIC
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(Unsaturated Polyester, UPE)

( )
1
2.2
G
5]
M
S
—1G P o M
P M P G M G
2.2 [3]
(initiator hardener)
(accelerator promoter)

2.3



G M G P G M G P —
I
S S
[ il
G M G P G M 6 gl
2.3 [3]
f
(5]
23.1 '
2311 (glycoal)

' (hydroxyl, -OH)

(propylene glycol, HOCH2ZCH2CHZ20H)

1.
2. ' (diethylene glycol, HOCH2CH2OCH2CHZ20H)
3. (ethylene glycol, HOCH2CH20H)
(dipropylene glycol, HOCHZCHZZH2CH2ZCHZZHZ0H)
2.3.1.2 (unsaturated acid)

24
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(maleic anhydride)

2. (fumalic acid)
H COOH
X Ox OO
A i)
e
HOOC H
24 [5]
2.3.1.3 (saturated acid)
25
1. (phthalic  acid) (phthalic
anhydride)
2. (isophthalic acid) (adipic
acid)
= COOH COOH
X
COOH

COOH

HOOC-Ch"CH2CH2CH -COOH

H



23.14 (monomer)

2.6
1 (styrene monomer)
2. (methyl methacrylate)
3. (vinyl  toluene)
(dichlorostyrene)
— CH=CH CH =C-C-0-CH
2
CH
1 1
& ‘ CH=CH Cl- -CH:CH2
R \ Ch

2.6 (5]



2.3.15 (inhibitor)
(free radical)
(gel)
(quinone) 2.7
OH 0
OH P
2.7 [5]
2.3.1.6 (initiator)
2.8
1 (methyl ethyl ketone peroxide, MEKPO)
2. (benzoyl peroxide)
CH
| 3

HO-O-C-O-OH

| T

28

O
I

15



16

2.3.1.7 (accelerator)
29
1 (co-octoate)
(co-naphthenate)
2. (diethyl  aniline)
(dimethyl aniline)
C2H5-N-C2H5
[ChyCH 2)3CH(C2H5)C0OO0O]2Co
2.9 [3]

2.3.2

4. (electron beam)
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“

" (gelatiOn tlme)

“

n (Cure)
2.10 ]
100
100 -
(Shrinkage)
6-10
5]
i
423 B -
K

373

NN ———

323

min  3C

210 :



0.05

2.3.3

60
(additives)

2.11 [7]

200-220

thinning tank

18



Glycol Saturated acid

Unsaturated acid

Y

Esterification

N, or CO, >

H,0

v

Unsaturated polyester solid

Inhibitor

v

Thinning |

Monomer

A4

Unsaturated polyester solid

A

Filtration

Packing

y

211

f[7]

19
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234

2.35

2. (fiberglass reinforced plastics)
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>|UiTip

(PET Recycling)

ASTM D5033-90

4

1 (primary recycling)

2 (secondary recycling)

3 (tertiary recycling)

(hydrolysis)

4 (quaternary recycling)

[8.9]

21

(pyrolysis)



24.1

1. (hydrolysis)

22

(acid hydrolysis)

] (alkaline hydrolysis)

ﬁ 0
HOCH”CH:)O[- C <®_ COCH CH’)O-] H + HOH =——
2 2 2 n
PET

Campanelli, Kamal Cooper [10]
250 265 280
2. (alcoholysis)

(methanolysis)

[\
HOC‘@‘COH + HOCH_CH_OH
TPA
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0 0 0
I~ [ u |
HOCH CHLOf- ¢ —U— 0CHCH] H+ HOOHLHCH <= HocH cH oc cocH o on + oligomer
PET
VeCH
| [
CHO-C COCH_ + HOCH_CH_OH
3 \ / 3 ¥ g
DMT
Ligorati [11] 4 35
100-300 1 150
3. (alkali decomposition)
o 0 0
2NaCH I
HCHz =of C- \ / COCHLHD-] H--=""}  nHOC COH + NHOCH CH OH
PET TPA
Shukla Mathur [12]
2 PET PBT (polybutylene terephthalate)

PET PBT



24

4, (glycolysis)
180-200
BHET (2-10 mers)
iT ° |°| 1‘1’
HOCH CH O[- C COCH,CH,0-] H+ HOCH CH OH === HOCH CH 0C COCH CH OH + oligomer
PET BHET
Vaidya Nadkami [13]
(62.5, 50, 32.5 )
0.5 200 8
( 37.5:62.5 ) BHET
Chen [14]
190 8
Baliga Wong [15]
190 4
L} ' 8
BHET ( 75 )

BHET
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Fujita, Sato~~ Murakami [16]
( ) BHET
' ' 215-250

[17]

1 BFIET

2. BHET

dioctyl terephthalate (DOTP)

dioctyl phthalate (DOP)

24.2

(depolymerization)

111



0 o}
| |

o) ° 0
HOCH CH OC COCH CH OH +
2 2 2 2 H—\—— |

ﬁ ﬁ ﬁ
(-OCH_CH OC COCH_CH_O-C-CH=CH-C) + 2nH_O
2 2 2 2 n 2
2.12
2.13
i £

2.12

26



—(CH,- CH);

©

POLYESTER

POLYESTER

\ CHZ-(I:H (CHZ.(I:H -

©

2.13

Vaidya Nadkami [18,19]

(tensile strength) 24 N/mm2
(flexural strength) 20 40 N/mm2 (impact
strength) 15 2.5 kd/m2 (hardness) Shore  durometer
80 ! (heat distortion
temperature) 80-85
(65 )
[20]

BHET

21



2]
65/35

100

46

28
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