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Abstract: In the current research, the curing kinetics of a mixture system consisting of a Bisphenol-A type vinyl ester resin
and styrene monomer was studied. Methylethylketone peroxide and cobalt octoate were used as the polymerization initiator
and accelerator respectively. Thermograms with several different heating rates were obtained using non-isothermal differ-
ential scanning calorimetry. Activation energy values analyzed by the Flynn-Wall-Ozawa isoconversional method showed
a three-step change with conversion a: a slight decrease initially for o < 0.1, a constant value of 47.9 kJ/mol in the range
0.1 <a <0.7, and a slow increase for 0.7 < a.. When assuming a constant activation energy of 47.9 kJ/mol, an autocatalytic
model of the Sestak-Berggren equation was considered as the proper mathematical model of the conversion function, indi-

cating an overall order of 1.2.
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Figure 1. Chemical structures of styrene monomer and vinyl-
ester oligomer resin.
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Table 1. Typical Formulation of Vinyl-Ester Cure System

Component Concentration [phr]
Vinyl-Ester Resin 100
(KRF-1001)
Initiator 10
(Butanox® M-60) :
Co-Octoate 0.4
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Results and Discussion
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Figure 2. DSC thermograms of the sample with several different
heating rates.
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Figure 3. Degree of conversion with temperature at several
different heating rates.
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Figure 4. Plot of Inf vs. 1000/T at given conversions.
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Figure 5. Changes of activation energy with conversion calculated
from FWO plot.
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Figure 6. y(a) as function of « at several different heating rates.

§ 0.6—_
N 1 Heating rate
014__ [OC/ngI’]]
] — 10
0.2 —®

Figure 7. z(a) as function of « at several different heating rates.
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Table 2. Values of ay, ¢, , and «, at Different Heating Rates

S [°C/min] (2573 o, a,
5 0.46 0.48 0.48
10 0.54 0.55 0.55
15 0.54 0.58 0.57
20 0.50 0.55 0.55
25 0.50 0.57 0.55
avg. 0.51 0.55 0.54

Table 3. Kinetic Parameters Calculated using Sestak-Berggren
Auto-Catalytic Model

B E,
[°C/min] [kJ/mol] In4 " "
5 18.26 0.55 0.64
10 18.90 0.82 0.70
15 17.23 0.62 0.57
47.9

20 19.54 0.61 0.51
25 17.07 0.52 0.54

avg. 18.20 0.62 0.59

& % Slek E& p=min2 BB, 4 (NE f@-[(-a)

dt
71 &7 25 & 4= 9lt}. Table 39]|= Sestak-Berggren A}
5 o) Whe 29 Agaio] A4kE S XA kinctic
parametere= e SiTh
wabA] o] S o835t £ Aol AREE Hd o AF
SA A2 gsEe AEHoR 0gol 4 @) 2
o] EAE 4 3k

47,900

2 & £ Qong pzre ln[@ex} vs. In[d’(1-a)] plot2]

da _ 1.2 x 10887—137—620.62(17(1)0.59 ®)
dt
Conclusion

golgt T4 23} B4 $X)9) $4% Besjaty 5
A A vEbd 5= Qls v 2dE-A B 9 v d oA HE
Q1 A K| 270 A spikgo] fale] H5-E DSC FEAY
2 olgstol 4w Mgkt ATE F3tol T Y ANE AL
& s

1) 2=H3lo] g FAA LS GBS T
o] FE& 7HAE BFo2A $24 =7} AR wat
Fo| IE AZFe = Q5 B 2 25 £O 2 shiftdh= &2
= 24th

2) &0 W Hge-2] H3l= Sigmoid curveF Bl 9] A3
29l A5 ES) B tehyglct.

3) FWO a|4& ol gsto] Al i Hehgo] B2 v
dsto|q A & WMk, HHg 270l= o RolAl= 7
Holthrt Ag8-0] 0.1~0.7 7o A= 47.9 ki/mol = 2]
o] g% g2 UEtliglen, I o] o= W3EY He 5
Tl wE BAASZ sk HA S| ZreHe BES U
W3l

4) g4 Ao TE b Wl A A Bste] 2 2
THe AFE B flaye Sestak-Berggren AH5 Zuf 1S &
o] At Ao R YElF o, o]of W kinetic parameter
S& ol gslo] MILEAL FFHOR ekl 4 Yglet

SiE]
oz lhy-
=

o

o2

oo
l

ol
e

X




Cure Kinetics of a Bisphenol-A Type Vinyl-Ester Resin Using Non-Isothermal DSC 5

References

1. D. R. Ashland, P. P. Fulay, and W. J. Wright, “Composites” in
The Science and Engineering of Materials, 6™ ed., Cengage
Learning, Ch. 17 (2010).

. T. Black and R. Kosher, “Non-Metallic Materials: Plastic,
Elastomers, Ceramics and Composites”, in Materials and
Processing in Manufacturing, 10" ed., John Wiley & Sons,
Inc., USA, 162 (2008).

. F. Mathews and R. Rawlings, “Polymer Matrix Composite”,
in Composite Materials: Engineering and Sciences, The
Alden Press, Oxford, UK, 168 (1994).

. M. Tuttle, “Introduction” in Structural analysis of Polymeric
Composite Materials, U. Washington, USA, 1 (2004).

. W. D. Cook, G. P. Simon, P. J. Burchill, M. Lau, and T. J.
Fitch, “Curing Kinetics and Thermal Properties of Vinyl Ester
Resins”, J. Appl. Polym. Sci., 64, 769 (1997).

. G. R. Palmese, O. A. Andersen, and V. M. Karbhari, “Effect
of Glass Fiber Sizing on the Cure Kinetics of Vinyl-Ester
Resins”, Composites: Part 4, 30, 11 (1999).

7. A. Mousa and J. Karger-Kocsis, “Cure Characteristics of a

10.

11.

12

13.

14.

Vinyl Eester Resin as Assessed by FTIR and DSC Tech-
niques”, Polymers & Polymer Composites, 8, 455 (2000).

.M. L. Auad, M. 1. Aranguren, G. Elicabe, and J. Borrajo,

“Curing kinetics of divinyl ester resins with styrene”, J. Appl.
Polym. Sci., 74, 1044 (1999).

. R. P. Brill and G. R. Palmese, “An investigation of vinyl-ester

styrene bulk copolymerization cure kinetics using Fourier
transform infrared spectroscopy”, J. Appl. Polym. Sci., 76,
1572 (2000).

S. Ziaee and G. R. Palmese, “Effects of Temperature on Cure
Kinetics and Mechanical Properties of Vinyl-Ester Resins”, J.
Polym. Sci., Part B: Polymer Physics, 37, 725 (1999).

T. Ozawa, “Kinetics of non-isothermal crystallization”, Poly-
mer, 12, 150 (1971).

. T. Ozawa, “Non-isothermal kinetics and generalized time”,

Thermochim. Acta, 100, 109 (1986).

J. Malek, “The kinetic analysis of non-isothermal data”, Ther-
mochim. Acta, 200, 257 (1992).

G. I. Senum and R. T. Yang, “Rational approximations of the
integral of the Arrhenius function”, J. Thermal. Anal., 11, 445
1977).



