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Abstract: The copolyester was prepared by melt polycondensation varying the amount of ethylene glycol(EG) and

pentanediol from terephthalic acid(TPA), EG and pentanediol isomers were.used as the third monomer. The chemical

structure and the compositions of the copolyester were determined by nuclear magnetic resonance spectroscopy. Thermal

properties were investigated with the aid of differential scanning calorimetry and thermogravimetric analyzer.
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$9ER FA $4% PETS) AAE slald
Wbl Aojshe Fojol ekl A7 Ash, trans
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acetate, sodium acetate 5o] £33} v}z 77} 5
o1, o]F &uje &3 zinc acetate>manganese
acetate>calcium  acetate>sodium  acetateg}i
Yoda[6]7} E.23c}. polyesterification &wjZ =
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t}. Ugbolve$} Ekpenyon$[10]& PET ¢A$-E
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2 54 A A7) e b, Az A
HAuEs 7S @ dbSE R g d7 e
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A B I AdHT glev, branchE 7}
i Sle diolg PETWe F583t A9 Fx9 £4
o] #g A7 obA mlnjsith weld £ dATE A
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Copolyester2-  3tAsl7]  ¢3le] AF AlRo

terephthalic acid(TPA : Mizushima Aroma Co.) &
FA%E 50T AF3bellA calcium chloride® 484]
7t FG FEE AAF F A}gslF, ethylene
glycol(EG : Janssen Chem. Co.)¢ 3}2h}jEgoz
TEE AAYR F AT FFHsl] AHgegn 439
gk 2 AM-EE 1,5-pentanediol(1,5-PD : Al-
drich Chemi. Co.)& EFA|FS U2 AM3lge
™, neopentyl glycol (NPG : Aldrich Chemica)& &
FAkE AFAZ7|WNA calcium chloride® 43

& AAS F gtk

TPA (Therephthalic acid)

Mw=16.13
HOOC= ®— COOH m.p>300°C
EG (Ethylene glycol)
Mw=62.07
m.p=-—13.0C

'bp=196~198C

HOCH,CH,OH

NPG  (Neopentyl glycol)

CHs Mw=104.2
HOCHZ%;:{ZOH m.p=123~127C
1,5-PD  (1,5-pentanediol)
HOCH,(CH,):CH,OH =~ Mw=104.2
m.p=—18C

uhg- HAFe 2= M&TAS Fascat 41019
esterification  catalyst®}  antimony triacetate
polycondensation catalystg &FA|¢k 1) A3}

et

2. 2. Copolyester®| &tA

| CATALYST ] | ACID—‘ | ALCOHOL
NS | J
T
1st REACTOR CONDENSER
ESTERIFICATION
200~230C
Reflux 5H,0+EG
2nd REACTOR CONDENSER
POLYCONDENSATION
~280¢C, 0.1 torr %EG
\l/ Reflux
PRODUCT

Fig. 1. Synthetic method of copolyester.
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1. Electric mantle, 2. 4-Neck resin flask, 3. Gas sparge,
4. Thermometer, 5. Agitator, 6. Ceramic saddle,

7. Partial condenser, 8. Motor, 9. Total condenser,

10. Receiver, 11. Trap, 12. Insulation

Fig. 2. Melt polycondensation apparatus.

2. 3. Copolyester?| £M

Phenol#} 1,1,2,2-tetrachloroethane & 60/40(v/v)
o &z Egste 0.3~06 g/dl9 FxEg Xgs
A z8 ¥ Ubbelohde HEAE o]83led 25.0+0.05
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2.3.1. NMR £M

Copolyestertle NPGe} NPG¢} 1,5-PDe &3

-5 #2187 43t homopolyesters] PET$} u]
23te]  dAxrlgy AHEE  dqrh. AE:
trifluoroacetic acid®} chloroforme 1:39 ulg¢=2
g 4ol 1g/ml9) $EZ =of Brukerrhe] H
-NMR (100-NHZ)& o] 43} NMR 2|33} o
P24 Ak
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+£0.0lmg< A3t d£ SEIKOAFS] DSC 200
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3. 1. Copolyestere] £
TPAS} EGel9o| A39 wtaail2 1,5-PDs} 2
o] dAA L NPGE AHg-se] o} 9 copolyesterg
At
TPA+EG+1,5-PD——+——> PEP
TPA+EG+NPG ————> PEN

3.1.1. NMR
Copolyester] 9] 1,5-PDg} 1 o] " el NPG)
EHE g<ls7] sisted PETS} 37 NMR AdE
H2 Fig 3ol vehigleh (1)~de3e PET 7
24 4.7 ppmo J& EG —CH,~ }Az} 5=
7} btz 8.1ppmel M= TPAS A4 =9
—CsHi— <347k 537} eyl (2) 28 EH A4
+ L.2ppmelA] NPGe] —CH; <}4#} =z} Jept
I 4.8ppmell A —CH,— <44 a7t Jepds %
4 9ler, PETWHd| 1,5-PDE =347 A%, (3)
2HEG] 1.4~2.1 ppmol| A FYA —(CH,);—
A2 #l=7F Jehta 44ppmellq 1,5-PD9] —
H,— A7 932& Jepdlz gloh

_1

<>

(D)

(1) l
() 5/

ppm(d)

Fig. 3. NMR spectrum of ( I)PET, (1I)PEN ,and
(IN)PEP.
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8.1ppme| WakE A} 3 A9) Highe w]gE 1}
Ebd o2 4 copolyester?] AL stetsldy, 2 A
3 A 39 HFAS vlge] F25F5 NPGY 15-
PD9] E4 gz} b2 YAu| &9 oAzl 3|
a4 71Ee & 7 ek =8 NMR3 IRE
%ffﬂ A& copolyester?] zAJo] T Yubdel &

TTUHEEN ALsA FHo] ol FojHvt it
%‘_5}[24].

3.2. 85 y3

Copoyester= A 3 49 £F 9 2 24 o}
Ao wisldir}, g4 A F 53] felde]
E, 8 9 48 2xe $EY 249 A7)
Zow thermal analyzer(SEIKOA}, SSC 500
series) & o]&4-3fo] A4S 7 Eslec)

3.2.1. /e ¥ 0|2

dubdo 2= A3 AR FARES] Frlo] et
Tg7} #aste, oh&9 Gordon-Taylor[ 18]+ t}e
AoA Tge A3A4EY 27 2 FALS 923
o] Wslgicla B g}

Ma(Tg-Tg,) +kMb(Tg-Tg,) =0 (1)
o, Ma, Mb: 2 ¢ 2349 74 Hg
k:ZFHA9 54 A

gk A 39 Aol diolal A$ A% 49 Ho]
7b BojRelate}t Tgrb ztaghvba &bo, Gibbs-Di
Marzio[ 19]¢] A% FZgAe 7} &9 4 fod
Aol Tgell v|A= S ez gl

M\((I.«/W,\)(Tg—Tgx) +MB<aB/WB) (Tg*Tgn) =0(2)

&, My, Mg 3349 74 B8
Wi, Wi dd ¢ 9] uhE gheg 74
+&
Ter, Tgs: T 584 ABY #2o)
L=
Tg: 3FEA 9 frejdo] &=

@y sl WA S e g e 5

Diacid®] 73$-elli= o]eid 2 o] wher) Aeishe
AL ohw, Tgd 7taish= diolkt} diacids} =
the 237} gle}. Fig 4% 1,5-PDs} NPG7} PET
TN TFF Hde e} Teo) wWakE Jepi

Aol FAAH A 8E 28004 1587 £547)
FoodA Ax deld FYAA W) 2AA
copolyester AYel9} A|2EZ 5.0+0.0lmg s}
DSCuWell A HWAlA vl A-A copolyester At 2]
AEE 50+£00lmg A3t DSCUelA] 5¢C /min
oS58 FEAFHA dgauste) FkAHe] &
52 oo] 2z ehholr).

110
100
90
80t
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Fig. 4. Effect of PD unit on the glass transition
temperature of copolyester.

NPGe| ool 2% dl Terh oh2b 7boh: 4
48 Yehligst oF 100mol% & 7)& 0 2 5ol °~F7}
H Aadte AFE Jehz)e s Ao gs
a7 & zbolE by A] gkl

NGP7} &8 #7159E Afdle —C-C— 4g
ol H Al —CHy7} 7] ol 22 Fzulo] 9j4)
bl )3} Tz F7keAAn, NPG} ok 37hs)
" H A —CH, 9 w5477} Bolx|7] aj&ol| Tg
< AxA7le 235 Jepn[20], 99 F7HA) 9
Aol HZ g2 dsjol 4H5lo] Tge w3}
7} A& Aog AP 21]. 22, 1,5-PD7} A
#e= Afde EGY CHY 80 %) i)
A Ael7t AojAxm Y F20]7] wio] $o3A
o] S} webx Tgrl ZA 7Hasn, olejdt A
3-8 EGUl4l hexamethylene[11]e] x|gt% 7A%-9}
1,4-butanediol[ 16]0] A #=5& 739 HudAE
W e Bolx ook
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v ZAA A RS DSColl4 5C/ming £5 8 &g
Al FE9ae FHAHS KPR Hosia A3
diol9] gepwistel w}E Tme WskE Fig. 5ol £A|
stgich. diol®] mol% 7} £713tel| wal Tmo| 7443
< 94 4 9ok =& PENo|] PEPe| H]3l] Tm¢)
2 718717 o A AL 4§ gl o= 15
-PD7} A 3t5l 2% 49 fadAde] Frste wba,

300
264
220
O
£
= \\\
180 <
o
140 RN
N @® PEN
O PEP
10 20 30 40

PD units mol1%
Fig. 5. Effect of PD unit on the melting tem-
perature of copolyester.

O PEP
1.8
0.1 0.2 0.3
—1nX
Fig. 6. Relation of melting temperature with

copolyester composition. Slope=R/AH;.

43, A3 A 35, 1992

AR sy 3 A9 wido] £olal7) “ﬂ:‘f‘
o] kit NPG7 X35 A$-d)
Aol 5= ddr|7) H3e J'EH 547 ]
ol AL 31k 27kl 34 74
‘4-“’]‘313} +d49] Wsto] g °] AR
equation[ 23]

1 1 _ R
Tm Tm'~  aH X 3)

714, Tm’=PETY] §3
Tm=Copolyester2] ¢
X =Copolyester2] ethyene terephth—
alate® &

o 984 (1/Tm) vs. InXZ =A|3}9 Fig. 69} 7
o] A4S e, o] A9 7)¢7]al R/AH,
9 zroz Mg zF Zen|9 %8 o (heat of fusion :
AH)E 78 4 9tk £4% PETY $sd9 5,
5009] cal/mol du, PEP9] §-ajd& oF 1,154 cal/
mol, PEN-& oF 2,260 cal/mol2] 7}2 o4}, 23
of ¢&h, 1,3-propanediol[17]¢} X% A$-o) L,
7,100 cal/mol, 1,2-propanediol[17]¢] #A-%-o] 2,
500 cal/mol, hexanediol 11]2] 7A%-ol= 1,463 cal
/mol®] §ade Jepdcky B sty g)ch

3.2.3. 98§ 2=

100
@ PEP 1
80 W PEP 2
= O PEP 3
&
2 60 ¥ PEP 5
E [ PEP6
@ 40
[
R
20
0
200 300 400 500
Temperature(C)

Fig. 7. Thermogravimetric trace of coplyester PEP
(PET+1,5-PD).
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Fig. 8. Thermogravimetric trace of copolyester PEN

(PET+NPG).
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Fig. 9. The effect of PD unit on the thermal stability
of copolyester.

1,5-PDe} MPG2 745l PETS] dgAAE =
#Zst7] 98t TGA(thermogravimetric analyzer)
Z AR2-38lgir}. Thermogravimetric tracesE N, gas

100ml/ming 2A3}e A 20T/ mnl2 $£&A)7|4

N Fozagel M4 2 AelA A4S 1%E o
7143} shle A< Tdebz Aelsich. Fig 75 Fig.
gol4] Lhehd wpsh o] PEPS] Aol 15-PD]

¥l FHE5S Tah 4aeE & 4 9l PEN

9 A%elE NPGARC] 271855 93 &57}
A5ee & 4 gtk beb PETFue] frdAd
A e £l mEAY A HAAE oA
= AL o gz, ol3d A= PETF el
hexamethylene S =3¢ we Addodx dAI
o

3.2.4. 233l 2%

A8E 280CoA 1587 4§47 ¥
Well o FPA1A & u|AA4 Fel9 PEN
2 5C/minl 2 $A7E o vehts
A A AAS 52 A 39 whuk ek wis
o] w2 #3}E Fig. 100 EA8}¢ic}. & PENS
% NPG9) mol%7} 37} &5 A& AAs}t &
7} %745t PEPS A$oE 15-PD7}F oF 15~
20mol% 7HAl= ZA&sithrl oAl F7hgiet ol
A= NPGY ¢ daAdes —CH77F £71
HEZ oA Aofol] sl AA3} L=} Fast,
1,5-PD2] A% A3 Fzo] 93] copolyesters]
AXE ZF7MAAN AAS 57t 276 Sl
ofo] F7} &5F 1,5-PDY| #Zo|7t EGel uste]
ARl A Foslr] Fo g AA3} S} 7
A},

12
B>

A
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Fig. 10. The effect of unit on the crystallization

temperature of coplyester.
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Copolyesters] 723} @4 £49 BA= 24
o] =7} A¥ T2& 2 waEAlY Eelge] 27}
g5 Zadd. A48 2= 15-PD7} o
20mol% M= 4 w7 Fasiha 3 &
He bk, =8 $49 4 s 3.
Flory equationel] ¢& Copolyester?] §sld vjgle
PEN®| 7¢ AH;=2,260 cal/mino]x, EPE2] 7%
ol AHf=1,154 cal/min o|c}. TGAS o]&s}o]
i 22 viws £ A3 498 2249 x9]
Fo] ST dtHAle Aasqc).
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