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Research Article

Abstract

In this work, the initiating efficiency of zinc(ll) chloride (ZnCl,) in the ring-opening polymerization (ROP)
of E-caprolactone (E-CL) was firstly investigated by the non-isothermal differential scanning calorimetry
(DSC) and model fitting techniques. The results showed that ZnCl, could initiate the polymerization of €-CL
with the polymerization exotherm around 160 - 280 °C at a heating rate of 10 °C/min. From n-order reaction
model fitting (Q() = (1-A)"; n = 0.1-1.0), it was found that the monomer conversion (X) obtained from 0.5
order rate equation (dQ/dt = Aexp(-E/RT)(1-0)*°) was in agreement with the experimental results.
Furthermore, it could be used to predict the polymerization of E-CL at the heating rates of 5, 15 and
20 °C/min. The results demonstrated that the polymerization occurred and completed faster at high heating
rate and the polymerization rate increased with increasing heating rate. Moreover, the activation energy (E,)
and frequency factor (A) were determined from Kissinger-Akahira-Sunose (KAS) isoconversional method.

The average values of E, and A were 73.6 kJ/mol and 4.7x107 s, respectively.

Keywords : Ring-opening polymerization, DSC, E-Caprolactone, Zinc(ll) chloride, Model fitting, Kinetics
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nmsvhlutaaflads

Tuiaaflans
1nuanInansslugUil s uazanaunian (s)
snsnin il Flunsviwsmaifed fAsonq
mMfweilndifoanuy mimaaamnﬁqﬁvﬁ gasnaslitaaudeudug la nswuaas
wraslilusumsi (5) uazwarnmalmasfiafs  aaFuRuisznduenaiasaawaa st fu
gounqil VI,@TLLamvlﬁ"Lugﬂﬁ 6 IMNANIINANDI L

lauaaslilu gﬂﬁ 5

AAUITNIIRUNANENT LAUA AE, URZ n 31N
NAMINARBINLINFNMIB AR aNLaL 1A NE

3U7 5 wohiflaindannslianasaud fasen

da - (7600 y
— =17x10"exp| — |(1-a)" 5) Py Py
RT Nneaduilguwnniigidudisanadasny

dt

TENAY
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o
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317 10 NNWUEAIANVFUNUTIZR TS I(B/T?)
AU 1000/T NNAWLNATABHIIDITAN § NI
luiaailads

NRITWIIBVBY Limwanich azame [22] vald
nudanisrintanuidnlaidainnisiduuniw
LRAIANFNNUTITHININOUDLNDTABULIDTTY
Auaan anufiuaadlilugda 7 wudndaly
Q v v d’ J o v aaa
ganislianuieufigeduazyin iy fATen
Aa v a X 2 v A o
waRwe lituiaduussiugaldiiidiraandad
aaa3ln 8

aaa a

ONIBUN

nugasnsiadfisendiuaml
IMNEANIINAFBINLINAAIINTNAY
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837 %@l’l&lﬂ(ﬂi’m’lﬂv\ ANNIDY
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ﬁ]’m"ﬂ'”aga“m\‘ﬁlauwaﬂﬂamfﬁvlﬁaﬂmﬂinﬁﬂua WA
E, uaz A lalasltat lalonauiassunaauad
Kissinger- Akahira- Sunose (KAS) a4 a&m’liﬁ(B)
(Akahira L& Sunose, 1971; Kissinger, 1956)
[23,24]

_E @
RT E

a

In (6)

B _
TZ
sEimunsnltlunisdiaanunis s wudasves
E, fizeiudng guaansifial §Asenle (Limwanich
LazADLy, 2015) [25] Tuaudsiiazyinmsdwa o
i Elutrinanaiuesnanaastuaiug 0.2-0.8
lapd1ma9 U8z A 81300 LA NANNTHLAZ
ﬁ;@@”@maaanmmé‘uw”uﬁ“s:ij nB/T) Nu
1000/T @"hLLamlugiJ'ﬁ' 9
A28819n178 %I mAIG LY TN
IRAUNRAIRASANAUALNATAONLIDSTU 0.2
lauaaslilua1s19f 2 129 Epaz A 7
NOUALNASABWIBSTHAYY 9 AinnldaniTaes
KAS "L@Tgml,amvlﬂumiwﬁ 3 IINNANTNARDY
dnaduuad E, W8z A #@11vi1AY 73.7 kd/mol
uae 4.7x10” ' @wdeU uwaliuvesdn £ nu
vouawainaunaitulduansliluzil 10 d g,
#'lea1n35ves KAS derlndidnsnuniani
Tuiaaflads IR £, waznswaes
AMIANBAIMNUTBUNLINTZUY ZnCl, Fanudasa
Indidpanuszuusisulasiafianu (v) sananloed
(BuySnOR) (Limwanich Uazamue, 2015)[25] ¢ E,
ﬁ"l,@‘fmnmia‘haaaﬁLLmMmﬂ'wgﬁumw:Lﬁ@
ﬁ]'mmil,ﬁau‘uaaq]”aQamué‘m']mﬂﬁmw%’auﬁ
laidwlauanusuwnsLuuEuass Lanws

' A oA 4, ' o
VI E, na’rmm“nvl&ll,wmm\‘mu



Ny naNIAY uazane, MIasTeemaluladuianTsy, avud 1 (anA 1, launi 27 — 38, 2560.

= R &l o , A & & o o
MN199N 2 ﬂ’l@’JLLUiﬂ’mﬁJauwaﬂ?ﬁﬂiﬂi‘lﬂ%ﬂ’liﬂ’lu’anm’] EaﬂuﬂuaLNaiﬂauLjaiﬁu 0.2 37NN1INN

Tulaaflada
8 (°C/min) T(°C) -In(BIT?) 1000/, (K" E, (kJ/mol)
5.0 191.6 10.674 2.152
10.0 207.2 10.046 2.082
69.1
15.0 218.0 9.685 2.036
20.0 226.4 9.432 2.002

@13190 3 A1wad E, uaz A idwmleain ROP 1ad €-CL nusagaz 1.0 mol 184 ZnClL,7 vaualuasna

NasTua 97 laan3tuas KAS annmavnluaailads

o E, (kJ/mol) A(s™) R?

0.2 69.06 1.42x107 0.998
0.3 70.95 1.79x10” 0.997
0.4 70.11 1.22x10” 0.997
0.5 72.51 2.17x107 0.998
0.6 78.09 9.03x107 0.998
0.7 77.13 7.71x10" 0.993
0.8 77.09 9.31x107 0.979

4. gyduaniInaaay

UszAnFawves zncl, luwadiva lsiaotu
wuniasvas €-CL ldgnamaravatnimaii
laginafiaunau-laloinesuea DSC uazn13vin
TuLaaflafa 9NWaNNINARBINLIN ZnCl, 813130
azanpldadsanysnilunenainad andaya
N199auNAAIEa TN e 931nLnaila DSC 818170
Wldlglunrsasrsuuydtaesnsadiamaas
(dQ/dt =1.7x107exp(-7600/RT)(1-A0)*%) 1t a1t 1u
mswgmaiedfisewedwe lsistues €-CL
wazwuiaeaudsmesaunamaasigwi oleain
wuusiaasit Selndidpsnunannaasefilaan
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A Fdi v dy v
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Fd‘ v ) L7 o
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WRZEANLUUANNE N RNITRNEIRTUNITRILATIZR
wad (1avlvaau-anlnwsuanlnw)lilaiinin
A o ' Ada) o
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5. inanssadsena
ATV VDA DI UN U U DAY
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