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PET o} o] fiiuibd 4 ¥ a1 s
= FEAIEEEST SadiRe s UE 4 glon,
35K model o) Fig. 1] E£Rslo] 9ok,

Figure 1. Schematic model for the mosaic block struc-
ture in PET.
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Figure 2. Viscosity~average molecular weight vs. the
gquare root of the annealing time for solid state
polycendensation of PET for different anneal-
ing temperatures: A, 254.2°C; VvV, 252.0°C;

@, 246.0°C; O, 232.6°C; [, 219.0°C
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Table . Variation of Rate at 180°C with Particle
Size

10° Rate at 50 minutes,

Mesh size of PET mole 11 st

36-52 4.8
52-72 6.5
72 87

|
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|
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Melt polycondensation FZiES] A fEiEe] #&E¥H
ol WZ EEHEE S Table § ol Fotsly owlsis
kel B et BEHEE ME OG5S o
T Sl .

—El = #ggEe] 4 Eo] solid state polyconden-

Table 1. Effect of Catalyst on the Polycondensation

Rate*

L Tt U

Catalyst | Intrinsic Viscosity,
¥y ! di/gr
Mn(OAC); 2H0 | 0. 551
Co(0AC); 2H,O0 | 0.643
Zn(OAC)» ! 0.720
Zn Cl, 0.715
Sb(OAC); ' 0.595

* Polycondensation conditions: temp., 273°C: time,
90min; pressure, 0.(2mmHg; catalyst, 0.02 m mol/

mol BHET.

[

B + log (raty)

250 €2 P 2€E 268 270

i s w

Figure 2. Arrhenius plots for polymerization of DHET
in the solid phase. Catalyst Ti(OBu)4.
O, 0.1%w/w; @, 0.01%w/w
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PET & solid state polvcondensationA]7]w{
LB BRG] A GRIITE whet 2o carboxyl
Fig#Esr alcohol HimHiol FKHESted carboxyl
Aol Fol WistAl 2 Flolch. Table Mol
4] solid state polycondensation €] (RS} FHrfi
o wke} carboxyl Eugke] GiEol WA= A
T FRfyEre 2Tk

Table J[. Variation of Carboxyl End Group During
Sold State Polycondensation

Polycondensation Conditions*| Intrinsic | EC;ér’té)xyl
- Viscosity, | End Group,
Vacuum/ U 6,
Temperature | Time, hr \ dl/gr eq/10°gr
0.1 Torr/220°C 0 0. 58 22
4 1.13 14.5
i 6 1.27 ; 13
0.1 Torr/240°C 0 0.54 23
4 1.66 10
6 1. 80 11

*Catalyst : 0.019% Sb
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PET & solid state polycondensation & o
chip 9] Z7]oll whe} maMEsF 2, K]
el whEh L EIRS] HEe] FinstrE
chipe] #E= WS mARES] #71 #BES
). w}ebA] melt process 2 #li5%l PET &} Jig

11



Table NV. Molecular Weight Distribution of PET

o . [S tarting Solid State

Properties Polymer llzgglc;l):rdensed
Intrinsic Viscosity, dl/gr 0.65 0.75
Crystallinity % * 5 54
Polydispersity** 1.89 2.00

*Percent by density
**Determined by Gel Permeation Chromatography
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3.2.3. #hi fEEOl L
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chip € solid state polycondensation 3t5 ¢ ¢}

A 5T A ] ST

St
Figure 4. Thermograms of PET. (a) Before solid
(b) After solid state

o

polycondensation at 200°C for 7. 5hr.

state polycondensation,

12

Sold state polycondensation ¥ chip < differ-
ential scanning calorimeter & 44473} Fig. 4
8l 7+2. thermogram & o =t}

Fig. 4ol 4 3 solid state polycondensation
317] §7¢] PET chip(a)-& glass #BiLE (Tg)
7F 80°C F-Eoll A} vebite]  145~175°C Abo] o]
A RS E7Y o] Fol A BEL peak ol fE ML E
B (Te) & vebict. Al FEAA scanning &
W RE peak o EIEE(To)o] Yebte HE &
T Ak,

Solid state polycondensation & chip(b)e} A
ol slejAl Tg A9 A7 fi@gel et
Ak Tezb golA, FH8 ®# peak (T,
To')7b viebde,

w}2}A PET chip 2 DSC 2 #4#73l4  solid
State polycondensation ¢l £x] HES 44 <
+ vt

Solid state polycondensation & =] A]7}-¢] #&
kel w2 DSC 4#71 #5RE Fig. 50 Zmstd
o},

Fig. 59 A} solid state polycondensation 8%
o] Hhntell et ®Ek peak Tm'= =77} A
S AAH 2 HEZ BEHEE 9d Tm'"+
—ERE @Rl A Ve 2717 et 2
I HEEH] HE A &2 4 ok

Figure 5. DSC fusion endotherms of PET annealed
at 220°C for (1) 0 (2)5 (3)30 (4)60 (5)90(6)
180 (7)240 (8)400 (9)1000 (10)2600 minutes.
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Figure 6. The temperature position Ty of the d.s.c.

peaks in dependence on the annealing tempera-

ture T, for the PET samples.
@ T.; O Taleeees indicates T,=T,

EZei As59 A 1% 19814 2¢

b Ty e —ESE 2 & o

240°C P B A= BEAA = Ta'wt et
2 To'o) Wa= AL golA M solid
state polycondensation ¢} WflF 4y {:E2
el FUTE 2 F Qe

3-2-4. &Rt

BOT7 RaReE W eibE e Bt
7 mechanism 2, —Ee s IR, X-ray diffr-
action, NMR, #EHIE &< FAst 7=
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Solid state polycondensation o giojAl B
E5ol wl& PET chip o] #ifi#ssE s 2
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£ Fig. 7] vehi g
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BEZL #ingtel whet peak o BEE AA R
e WA BIT ¥ F dors @t A
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dehte ERENE Bt 988 ey a
1k,

Solid state polycondensation [HE f&E{f:o] u}
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Figure 7. X-ray diffractometer scans of PET samples
which had been crystallized at various tempera-
tures: (A) amorphous. (B)177.5°C, (C)201°C,
(D)220°C, (E)240°C.
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Figure 8. Dependence of density on annealing time
at different annealing temperatures.
V¥, 95°C; Vv, 110°C; W, 125°C; X, 179°C;
@, 200°C; [0, 215°C; O, 230°C; +, 255°C
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fEa ol ofste] maHS @AW 9 BEESL
E T = 4 9 aldehyde %¢] {E57 #ES
AROE EaYWE RMA AREA BESEd
HlRE = 471 drh

—fry o2 PET o] Ty ®khkez4E
STiE 20,000, [EF¥EE (intrinsic viscosity)
0.65d//gr A =72 = melt process of &3 i3
s, o] LlE o] ks E 7 = solid
state polycondensation of 2]} #iiE= o},

= oF&Ee PET/F #ks e #itezA,
B EHE 0.80~1.20d0/gr, ERIIH, e &
EHeZAE 0.70~1.00d]/gr o} EHHEF B
E S

HAE THEMS 2 solid state polycondensation
Jigel Sshel BiEH 3 sle REN WES
BElIAREE 3 EEEnke] #1E &9 Table Vel
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Table V. Applications of High Molecular Weight

PET
Intrinsic i
Uses Viscosity, Producer ! Ref.
di/gr :
High Tenacity 0.81 | Teijin Co., Ltd.! (22)
yarn 1.00 | Teijin Co., Ltd.; (23)
1.00 | Toray Co., L o(20)
Film 0.82 | Du pont E (25)
Bottle 0.95 | Akzo plastic j (11)
0.70 | Owens-Illinois ' (26)

8 3 i AR @itol A solid state polycon-
densation o ¢ 3}¢] %ﬁiﬁﬂl 9= #AL s melt
process off 2] 3te] Adolx] = BLLS] kS L

Table VI. The Properties of PET Yarn

Melt Poly- 1 Solid State

Process
Propert\ condensation | v‘ E’;)tllxocsnden-
Intrinsic Viscosity, di/gr | 0.65 } 1.00
Denier 75 1000
Tensile Strength, gr/De 4.5 : 9.2
Elongation at Break, 9% 31 ‘ 12

Carboxyl End Group, 30 ‘ 20
eq/108gr ;
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A @ el Ao MES RKENA  ARE
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A KRS fERR SUREEC Be F2E g
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