2.1

*]

[1]

(stress concentration)

(annealing)

(dispersed phase)



AH - TAS

2.2
22.1
(polystylene)
(enthalpy)
energy of mixing: G) 2.1
AG
H
2.2
2

solution temperature (LCST ~ UCST)

0]

(thermodynamics)

(polyphenylene oxide)
(entropy)

(free

AH - tAs (20)
AG

< 0 (22)

(AH < 0)
(TAS > Ah)

lower upper critical
21



8 1 1

W w PHASE

§ 5 SEPARATED

3 &

: |

F P

COMPOSITION
2.1 2 LCST UCST
LCST
2.2
PHASE A
PHASE B
GRAFT BLOCK

2.2



(ethylene-propylene

copolymer: EP) EP

(polyethylene: PE)
(polypropylene: PP) - [ - (styrene-ethylene/butene-
styrene triblock copolymer: SEBS) PE
PE (high density polyethylene: HDPE)
2.2.3

(maleic anhydride) \

2.2.4



2.3

(1)

o) [
(condensation polymer)

3)

@

PET PC

PET  PC

(macroscopic)

PET

(free radical initiator)

PC



2
batch mixing) (banbury  mixer)
(continuous mixing) [21]
23.1 (internal batch mixing)

(complex shearing)
(elongational flow)
(carbon black)

23 ' ¢ ’

(internal



2.3.2 (continuous mixing)

(extruder) ( 24)

(hopper) (screw)
(arrel)
(band heaters)
1 (die)
(homogenous)
\ : " J Hopper Barel
=4 Cooling lines Screw
.‘ Band heaters Extrudate
i 1 2
Solids_conveying zone Transition zone Metering zone .
(Compaction) (Metting) (Pumping)

24



2
rotating twin screw extruder)
twin screw extruder) 2.5
Co-rotating Counter-rotating

7

(drag flow)

10

(co-
(counter-rotating

Counter-rotating

2] 21



24

21

(23]



Wl Tg- Ty)

24.1
(Differential Scanning Calorimeter: DSC)
DSC
DSC
(29
DSC
el
ity
W T -T,)
o— Tp —-0L~Ss —n
26 R

12



24.2 (Thermogravimetric Analysis: TGA)

TGA ,

2.1
TGA

\
Tx.._. MARARE] |

. Recorder
Transducer coil I i -

L X-axis
Weight c:libr.nor\) Time }

s

generator [

AN Y
. Lr'} Time
mple chamber~_ }--[*5 temperature
-]
pump ! }
i i Temperature control g
i : =
b Jie 3}
| | 2
i g Furnace <
Crucible [ : ~— Controller thermocouple
Sample 4
thermocouple

27() () TGA



243 m
Chromatography: GPC)

GPC
GPC
chromatography)

5-10
0.5-105

GPC

28)

14

(Gel Permeation

(iquid



15

Solvent
reservoir Recorder
S

Solyent | Sample Datector Lo
delivery injecfion

system

Column
1L

Fraction
collector

2.8

2.4.4 (Infra-red
Spectroscopy: IR)

IR (vibrational spectroscopy)

(ground vibrational state)



’l Sample area ’1

2.9
(electromagnetic  radiation)
2.5-25 ‘ 4,000-400 cm'L (
(cm)= 04 )
KBr

KBr 1%

0.001-0.05
(sodium chloride)
(potassium bromide) ,
(absorption band) PE

16
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2.5 (Polyethylene terephthalate: PET)

W.H. Carothers El du Pont de
Nemours and Co ( ) 1929
(linear aliphatic polymer)

2
1941 J.R. Whinfield J.T. Dickson The Calico Printers
Association Ltd. ( ) (aromatic polyester)
PET
1953 HE du Pont de Nemours and Co ( ) Imperial Chemical
Industries Ltd. ( ) PET Dacron®  Teryiene®
]
25.1 2]
PET (ethylene glycol) (terephthalic
acid) (dimethyl terephthalate)
1) (Ethylene Glycol)
(ethylene oxide)
2.3 197 °¢
h%A gt HO e HO-CHr CH-OH

ethylene oxide ethylene glycol ~2 3)



18

2) (Terephthalic Acid)
PET
(p-xylene) ( 2.4)
200 C 2 (20 )
100 °C
300 °c
CH; COOH
0,
chg cooh
p-xylene terephthalic acid (2 4)
3) (Dimethyl Terephthalate)
' ' 142 C
CH; COOH COOCH;
@ © CH,OH <j @ CH;OH ©
CH,4 COOH COOCH, COOCH,4 COOCH;
p-xylene p-toluic acid methyl p-toluate monomethyl dimethyl
terephthalate terephthalate 72 5)

25.2
PET



terephthalate:  BHET)

(L15 ) 250°c 0.4

(D)

)iH
he

UUH

alic acid

= C

terephtl ethylene glycol

BHET
(hexamer) 2.10

ho-hzc-hac-0- -CO----$

2.10
2.1
/@CHl
S
2 HO-CH-CH2COH
=
CUUCHs

dimethyl terephthalate ethylene glycol

(122 ) 140-220 °c

+ 2HOOHACHXOH

19

) (bis(2-hydroxyethyl)

(4 )

COOCHICHOH
/‘\
G

CUUCH2CH20H

bis(2-hydroxyethyl)terephthalate

+ 2H,0

(oligomer)

- CO-0-CH-CH-0j—H

BHET

COOCH.CHIOH

A

=

LUUCH-CH20H

bis(2-hydroxyethyl)terephthalate (27)

2CHOH



2.5.3

BHET
PET 2.8

HOHZCHZC0-OC- emmeereeeeeee- CO-0-CH2CH2CH
ho-hx-hz-o-oc- |V co o-ch2ch2o-oc< 'y -COM-CHACHA0H

poly(ethylene terephthalate)

BHET 290 C
01 (1 )

PET PET
(spinneret)

8 0
200 C

PET
PET

80 C

20



t1
( )
PET
2
(parison)
2
PET
PET 265 C PET PET
PET
2.2
22
138 138 1.30-1.34 1.32-1.38 1.36
690 170 55 76 120
( )
(%) 100,000 25,000 8,000 11,000 17,000
53 43
( )
2)
PET
(chlorinated or fluorinated acetate acid) (phenol)
(anhydrous hydrofluoric acid) PET
(anisole) (aromatic

ketone) (dibutyl phthalate) (dimethyl sulphone)



22

(chloroform) PET
0c PET
PET
PET
(acetaldehyde)
254
PET
2.6 (Polycarhonate: PC)
.. 1955 . Fox
Fox H.Schnell
Bayer 2
Farbenfabriker Bayer A.G. ( ) General Electric Co. ( )
PC 4.4

(4,4-dihydroxydiphenyl alkane) [5] 2.11

211 44~ !
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PC 22- (4~ ) (2,2-his(4*hydroxyphenyl)
propane) .. 1959
1960 PC
%
PC
(hydroxyl)
(phosgene) (diphenyl carbonate)
1) (Phosgene)
(carbonyl chloride)
(chlorine) (carbon monoxide) 200 °c charcoal
2.9 8°C
CO + Cl2 ~ COCI2 29)
) (Diphenyl Cartonate)

(agueous  sodium hydroxide)
(methylene chloride) 2.10

I
Qom + COCl, —>®—o—c—o + 2 NaCl

8 C



24

3 22- (4~ ) (2,2-Bis(4*-hydroxyphenyl)propane)
(bisphenol A)
50 C 1

211

CH, CH,
ZHO@ + (ITO —Hl HO-Q‘%*@OH + H,0O

(|?H3 CH;
2.6.2

2,2- (4~ ) (poly(2,2-his(4*
phenylene)propane carbonate) (bisphenol A
polycarbonate) 2 (direct phosgénation)

(ester interchange) (transesterification)

2.6.2.1 (Direct Phosgénation)

(bisphenol  A)

2.12
i " I
nH o Brt<_p 000, —2€., —fo—@fc~®»o—c
I =2n HC | n
CHy CH;

(2.12)

(solution method) (interfacial method)
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1) (Solution Method)
(pyridine)
(chloroform) (methylene chloride) — 1,1,2,2- (1,1,2,2-
tetrachloroethane)
25-35 C
(pyridine hydrochloride)
( 2.13)
(non-solvent)
PC

2©N + 00Cij AN Qr_@_gQ
"@r_i—§© +n»o—©»£j:—@ou —P POLYCARNONAT&-P- +2n( Y
(2.13)

) (Interfacial Method)

(methylene chloride)
(tertiary amine) (triethylaming)
(quaternary ammonium)
(tetramethyl ammonium hydroxide)
25 C

(218
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O % O I
nC T O—C—NRCT
Ch

(2.14)

AN

O—(—u + NRg

a—0o—0a

2.15

I =i
%}f{%—c—o@ g s

(2.15)
26.2.2 ? (Transesterification or
Ester Interchange)
PC
( 2.16)
CH, 0
~ORaTT-O
O—C—
—t POLYCARNONATE—— + 2n @-0}1
(2.16)
! (lithium hydride) (zinc oxide) (antimony
oXide) 150 C 210 C

1 3 (20 )



2

300 C 56 01
1 )
PC '
(equimolar)
1
150 °¢c (p-isopropanyl phenol)
2.17
CH,
I-IO—/\ >—g " \—OH HO—Q—I% + OOH
3 CH,
bisphenol A p-isopropenyl phenol phenol
(2.17)
PC '
A
2.18
cw, 0 0 cH,
~ OO IQM{% >
o M Lo O - (O
b \J |,

(219)



50,000

2.6.3
)
135 C
PC
(cracking) (crazing)
(ageing) ~ PC
PC
(149 C) PC 23
2.3
120
( ) 55-69
( ) 640-850
(%) 60-100
23°¢ (%) 0.35
(() 149
(<) 220-230

PC

180 C
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)
PC
- 2 (cis-1,2-dichloroethylene) (methylene chloride)
1,1,2- (1,1,2-trichl roethane) 1, 2 (, 12
tetrachloroethane)
(acetophenone) (cyclohexanone)
(dimethylformamide) (dioxan) (tetrahydrofuran)
PC (acetone)
(benzene) (carbon tetrachloride) (ethyl acetate)
(aliphatic hydrocarbon) (ether)
(alcohol) PC
PC
PC (environmental stress cracking)

PC
(oxidizing agent)

PC
PC

PC 1

(saponification)

15 C
(crosslinking)



264

PC

PC
PC

PC
PC

Bayer

PC

2.1

(compact disc)

125 C

(polybutylene terephthalaye : PBT)

2.12

30

PET PC



POLYCARBONATE

POLYBUTYLENEATEREPHTHALATE

L FURTHER P ED
TRANSESTERIFICATION TRANSESTERIFICATION TRANSESTERIFICATION

if 1 s | B EEEEE

cOPOLvER  COROLMEY  OPOLYWER

2.12

(1) (esterolysis) - 0
(direct ester-ester interchange) PET
PC 2.19

—OEO-OFO~ “ Ok
A O OO

219

e

a9 8

(2) (alcoholysis)
PET PC 2.20

\ - fr

|

O FO~OFO— oo
CH, o CH,

(e] o CH; —
< > i [~ | I <:> //"SJ;(’“\
e C O0—C——0—CH,—CH,—0—C v+ HO—{ 0 J—0
<|:H & S (I”H \\\Q
3 2l |

(2.20)

Pc PET
(22



32

7 I

CH3
CH,4 0
M@éOo—ﬂ@ + HO— CHEOR
b,
(2.21)
(3) (acidolysis) PET
2.22
o—~/—\— — o—(c)—o /_\‘——EHI /=\ O 4 Ho—ﬁ IE—()——CH..—CHﬁ’\
O

CHy

/_'\

CH, (e (o]
N\ D HO_C n "
s c o0—C —O—CHy;—CHy™~ + HO—C—O C— O~
_/ ] M L\

CH;

18]

(compatibilizer)

[

PC
(residual catalysts) PET PC [10, 24-30]
Kin  Bums (1990) PC  PET

2

Fiorini (1995) | PET

PC
Ti(0Bu)

HNMR  GPC
» Sml3> Eul3> Ca+Sh > CeAc3~ Er(N033B 2 4> Th(Acac)3diPy « 0 L



(o-formylphenolate) B1XC4

33

- 2- -4 (benzo-12-crown-4)

Acac (acetylacetonate) ~ diPy  2,2* (2,2-dipyridyl)
Cheng (1996) PBT
PC DMA  MDSC
2
PC
PC PBT
van Bennekom (1996) PC  PBT
PBT . (amide modified PBT: PBTA)
PC PBT PC  PBT
PC PC  PBT
Molinuevo, Mendez Muller (1998) PET
PC
PET PC
Zhang, Xie  Ma (2000) PC
(ethylene-caprolactone copolyester)
PC PET

Samios Kalfoglou (2000)
PC
DMA



Lee (2000) PET
(poly(estercarbonate): PEC) 2
PEC PET
[11-19]
Pilati, Marianucci Berti (1985) PC
PET Ti(OBu)4
PC ~ PET
PET Ti(OBu)4
Godard (1986) , PC  PET
2 (two-roll mill)
(tetrabutylorthotitanate:  TBOT)
TGA ,
PC  PBT

(ethylene carbonate)

Wilkinson, Cole  Tattum (1995) PC  PBT
(torque rheometer)
(tetrakis(2-ethyl-hexyl)titanate) DSC, DMA, FTIR ~ SEM
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Jacques (1996)
1IC-NMR PET  PBT (brabender)
(triphenyl phosphite) ’
(titanium butoxide)

|gnatov (1996) PET  PC
PET
Wilkinson, Tattum Ryan  (1997)
PBT PC
(tetrakis(2-ethyl-hexyltitanate) DSC
PBT PC
9 C

|gnatov (1997) PET PC

(samarium  acetylacetonate)

Fiorini (1997)
PET  PC (lanthanide)

12060 51T
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