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ABSTRACT

The influence of the content of cobalt naphthenate accelerator on the crosslinking process
of the curable system on the base of vinyl ester of epoxy-diane resin and styrene system has been
studied. It was determined by IR — spectroscopic study that acrylate and styrene double bonds
sharply decreased during the curing process. The participation of the double bonds to the
crosslinking polymerization led to the gelation and change of physico — mechanical properties of
the viny] ester — styrene system. The change ofmass ratio of the accelerator / resin system from
0.025 to 0.1 % resulted in decrease of the gelation time, swelling degree and increase of the gel
fraction, hardness of the cured coatings.

Keywords: cobait naphthenate accelerator, crosslinking, vinyl ester, styrene, IR, gel fraction,
swelling degree, hardness.

1. INTRODUCTION

As one of the types of unsaturated polyester resins, vinyl ester resins (VE) are often
produced by the rcaction of epoxy resins such as diglycidyl ether of bisphenol-A: N N,O-
triglycidyl amino-phenol with acrylic or methacrylic acid, and combines the excellent
mechanical, thermal properties of epoxy resins with easy processing, fast curing of VE resins.
That's why the products of crosslinking polymerization are widely used in many fields [1].

The properties of the cured products on the base of VE resins depend on various factors
such as the chemical nature, content of the VE resin and the curable system constituents
(diluents, initiators, accelerator, etc) [1 - 8]. Therefore, it is necessary to determine the optimal
conditions for crosslinking polymerization of the VE resins based system to obtain cured
products with desired properties.
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At present there has been only a few research results concerning of VE resins, in general,
and curing of the coatings on the base of the resins, in particular, in Vietnam [9-12].

This work presents the influence of cobalt naphthenate accelerator on the crosslinking
polymerization of the curable system on the base of a VE of epoxy-dianc resin and styrene.

2. EXPERIMENTAL
2.1. Materials

Vinyl ester resin on the base of diglycidyl ether of bisphenol A deluted by styrene (St) with
the weight ratio VE/St = 60/40 was obtained from Polymer Technologies PTE Ltd (Singapore).
Methyl ethyl ketone peroxide initiator (B) was purchased from Singapore. Cobalt naphthenate
accelerator on the base of cobalt naphthenate salt (C) was prepared at the Institute for Tropical
Technology (ITT). Chloroform of PA grade from China.

2.2. Analysis
2.2.1 Determination of the thickening point

Thickening point of a curable system was determined by the duration of the time needed for

the change of the investigated system from flowable liquid to unpourable state at the ambient
temperature [13].

2.2.2. IR analysis

The Infrared spectra of the sample, before and after curing, were recorded by means of an
FTIR spectrophotometer (NEXUS 670 from Nilolet) at the Institute for Tropical Technology
(ITT), Vietnam Academy of Science and Technology (VAST). The changes of the reactive
functional groups during the curing were monitored quantitatively by following the variation of
their chacteristic IR absorption bands using the absorption band at 700 ¢m’™ charateristic for the
C-H bond of benzene ring, which should be unchanged during the curing, as the reference.

2.2.3 Determination of the gel fraction and the swelling degree

The gel fraction was determined by soaking the UV cured sample in chloroform for 24 h at
room temperature. The insoluble part of the coating was recovered by filtration and dried at 40
°C to a contant weight. The gel fraction was evaluated from the weight ratio of the insoluble part

to the mitial sample. The swelling degree was calculated from the weight ratio of the swollen
polymer to the dry polymer.

2.2.4. Determination of the relative hardness
Persoz hardness of the cured polymer, coated on a glass plate, was measured by means of a
pendulum damping tester (model 300) according to the standard Persoz (NF T 30-016) at the

ITT, VAST. The relative hardness of a coating was evaluated by making the ratio of its Persoz
hardness to the Persoz hardness of a standard glass plate which was measured to be 425 s.
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3. RESULT AND DISCUSSION
3.1. Study of the crossliking reaction of the VE- styrene system by FTIR spectrometry
3.1.1. IR spectra of the materials and VE-styrene system before and afier curing

The IR spectra of the coatings on the base of VE, styrene, B, C compounds before and after
24 h - curing at ambient temperature are presented in Fig. 1. In can be seen in the spectra the
absorption bands at 1630, 1411, 992 cm eharaetenstle for acrylate double bonds of VE resin,
absorption bands at 1630, 1411 922 and 910 cm™ characteristic for styrene double bonds and
abserptlen band at 700 cm™ characteristic for C-H bend of benzene ring. Absorption band at 910
cm’ almost disappeared, absorption band at 700 em™ was unchanged after 24 h of the reaction.
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Figure 1. IR spectra of VE — styrene coatings before (a) and after 24 h of curing (b).
B content: 0.75 %, C content: 0.1 %.

So, absorption band at 910 cm™' was chosen for study of the variation of the styrene double
bonds during the curing and absorption band at 700 cm™ was used as the reference.

3.1.2. Change of styrene double bonds during the crosslinking

The variation of the styrene double bonds in the VE-styrene system containing 0.75 % B
and 0.1 % C is presented in Fig. 2. It is shown from the figure that the styrene double bonds have
markedly reduced in the beginning stage of the curing process. There have been only 40.4 %
styrene double bonds remained after 120 min of the reactton. After 1440 min the double bonds
were almost converted with the residual content of 7 %.
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Figure 2. Variation of the styrene double bonds in the VE-styrene system containing 0.75 % B and 0.1 % C.

3.2. Influence of the ratio accelerator / (VE-styrene system) on the crosslinking process

Influence of accelerator content on the crosslinking process have been investigated with the
ratio of B/{VE-styrene system) = 0.75 %.

3.2.1. Influence of the ratio promoter/(VE-styrene system) on the gelation point

The thickening time is a parameter needed for processing. So, the influence of the ratio
accelerator / (VE-styrene system) has been investigated with the values accelerator / (VE-styrene

system) of 0.025, 0.05, 0.075, 0.1, 0.2, 0.3 % at 25 °C in this work. The dependence of the
thickening time on the ratio accelerator / (VE-styrene system) is shown in Fig. 3.
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Figure 3. Influence of the ratio accelerator / (VE-styrene system} on the thickening time.
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It is indicated from the figure, that increase of the accelerator / (VE-styrene system) ratio
from 0.025 to 0.1 % speeds up the curing process and shortens the thickening time from 75 min
to 36 min. However, the thickening time is almost unchanged at higher accelerator / (VE-styrene
system} value. This can be explained by the fact, that the increase of the promoter/(VE-styrene
system) value favors the formation of free radicals leading to increase of the crosslinking rate.
However, the initiator amount in the investigated system is limited. When it has been totally
converted to free radicals, the further increase of the accelerator can not affect on the change of
free radicals in the system and as the consequence, the reaction rate as well as the thickening

time. So, the accelerator / (VE-styrene system) ratio chosen for further study was not higher than
0.1 %.

3.2.2. Influence of the ratio accelerator / (VE-styrene system) on the variation of the gel fraction,
swelling degree and relative hardness

The influence of the ratio accelerator / (VE-styrene system) on the variation of the gel

fraction, swelling degree and relative hardness have been investigated with the values of the
accelerator / (VE-styrene system of 0.025, 0.05, 0.075, 0.1 %).

- Influence of the accelerator / (VE-styrene system) ratio on the variation of the gel
fraction.

Figure 4 shows the influence of the accelerator / (VE-styrene system) ratio on the vanation
of the gel fraction. It can be seen from the figure, that the higher accelerator / (VE-styrene
system) ratio, the faster the gel formation in the investigated systems. However, the final gel
fractions were 99 %, 1.¢. the same for all studied samples.
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Figure 4. Influence of the accelerator / (VE-styrene system) ratio on the variation of the gel fraction
Accelerator / (VE-styrene system): 9 0.025 %, 0 0.05 %, & 0.075%, @ 0.1 %.

. Influence of the accelerator / (VE-styrene system) ratio on the variation of the swelling
degree.

The influence of the accelerator / (VE-styrene system) ratio on the variation of the swelling
degree is presented in Fig. 5. As is shown from the figure, the swelling degrees of the
investigated samples are reduced during the curing up to the curing time of 480 min, reaching
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the values of 400, 340, 290, and 290 % for the samples with the accelerator / (VE-styrene
system) ratio of 0.025, 0.05, 0.075, 0.1 %), respectively. Then, the swelling degree of samples
insignificantly change, reaching the final values of 244 — 220 % after 1440 min. So, in the
experimental conditions conducted, the accelerator / (VE-styrene system) ratios have almost no
affect on the final swelling degree of the studied samples.
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Figure 5. Influence of the accelerator / (VE-styrene system) ratio on the variation of the swelling degree
Accelerator / (VE-styrene system): 9 0.025%,0 0.05%, & 0.075%,@ 0.1 %.
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Figure 6. Influence of the accelerator / (VE-styrene system) ratio on the relative hardness
Accelerator / (VE-styrene system). ® 0.025 %, 00 0.05%, & 0.075%,® 0.1 %,
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- Influence of the accelerator / {(VE-styrene system) ratio on the relative hardness.

The influence of the accelerator / (VE-styrene system) ratio on the relative hardness is
shown in Fig. 6. It can be seen from the figure that the relative hardness of the investigated
samples increased during the curing and reached the highest value after 96 h. The difference in
the relative hardness of the samples with various accelerator / (VE-styrene system) was

insignificant. After 96 h curing, the relative hardness of the samples having the accelerator
content of 0.025, 0.05, 0.075 and 0.1 % were 0.58, 0.61, 0.62 and 0.64, respectively.

4. CONCLUSION

Based on the FTIR research results, the absorption band at 910 c¢cm” was chosen for
quantitative determination of the variation of styrene double bond during the crosslinking of the
VE-styrene system containing initiator methyl ethyl ketone peroxide. The absorption band at 700

cm’ characteristic for C-H bond of benzene ring, unchanged during the curing, was used as the
reference.

Under conducted experimental conditions, the styrene and acrylic double bonds were

Involved in the crosslinking copolymerization leading to the significant changes of the physical,
mechanical properties of the investigated system.

It was shown that the increase of the accelerator / (VE-styrene system) ratio from 0.025 to
0.1 % speeded up the copolymerization, the thickening, gel formation, the increase of the
relative hardness and raised the final relative hardness from 0.58 to 0.64. The optimal value of
the accelerator / (VE-styrene system) ratio was determined to be 0.1 %. At the conditions, the
investigated coating reached the gel fraction of 99 %, swelling degree of 220 %, relative
hardness of 0.64 after 96 h curing.
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TOM TAT

ANH HUONG CUA HAM LUONG CHAT XUC TIEN NAPHTENAT COBAN DEN
QUA TRINH KHAU MACH CUA HE PONG RAN TREN CO SO VINYLESTE CUA
NHUJA EPOXY DIAN VA STYREN

Lé Xuan Hién', Nguyén Thién Vuong', Nguy&n Thj Viét Triéu', Ngé Hanh Thuong®”

'Vién Ky thudt nhiét dsi, Vién Hon lém Khoa hoc va Cé ong nghé Viét Nam,
18 Hoang Québc Viét, Cdu Gidy, Ha Noi

‘Hoc vién Y Diegc hoc c6 truyén Viét Nam, 2 Trdn Phy, Ha Dong, Ha Noi
"Email: hanhthuong1209@gmail.com

Nghién cuu anh hudng cia chat xdc tién cobalt naphlenate dén qua trinh khdu mach ciia hé
dong ran trén co s vinyleste cia nhira epoxy dian va nhua styren dua trén phuong phap phd IR.
Trong qua trinh nghién ciry, lién két d6i cua acrylat va styren giam dan Su tham gia ctia lién két
d6i dén qua trinh trang hop khau mach lam anh huong t&1 sir dong rdn va thay d6i tinh chat co i
cua hé thung vinyleste — styren. Khi thay d6i ti 1& khoi lugng cia chat xic tién / nhura tir 0,025 —
0,1 % dan t&i 1am giam thoi gian ddng rin, d6 chuong, tang phin gel, 46 cimg cta lép ngoal.

Tir khda: chét xic tién coban naphtalen, qua trinh khaai mach, vinyl este, styren, IR, phﬁn gel,
do truong, d6 cing.
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