Tap chi Khoa hoc va Cong nghé 53 (5) (2015) 663-670

INFLUENCE OF THE CONTENT OF COBALT NAPHTHENATE
ACCELRATOR ON THE CROSSLINKING OF THE CURABLE
SYSTEM ON THE BASE OF A VINYLESTER OF EPOXY-DIANE
RESIN AND STYRENE

Le Xuan Hien', Nguyen Thien Vuond, Nguyen Thi Viet Trieu®,
Ngo Hanh Thuond’

Ynstitute for Tropical Technology, Vietham Acadesh$cience and Technology,
18 Hoang Quoc Viet, Cau Giay, Hanoi

2\/ietham University of Traditional Medicine, 2 TrBhu, Ha Dong, Hanoi
"Email: hanhthuong 1209@gmail.com
Received: 6 June 2014; Accepted for publicatioAu@ust 2015

ABSTRACT

The influence of the content of cobalt naphtheraieelerator on the crosslinking process
of the curable system on the base of vinyl estepoky-diane resin and styrene system has been
studied. It was determined by IR — spectroscopidysthat acrylate and styrene double bonds
sharply decreased during the curing process. Thtcipation of the double bonds to the
crosslinking polymerization led to the gelation a@nge of physico — mechanical properties of
the vinyl ester — styrene system. The change ofmed&s of the accelerator / resin system from
0.025 to 0.1 % resulted in decrease of the geldiine, swelling degree and increase of the gel
fraction, hardness of the cured coatings.

Keywords: cobalt naphthenate accelerator, crosslinking, lvasger, styrene, IR, gel fraction,
swelling degree, hardness.

1. INTRODUCTION

As one of the types of unsaturated polyester resiimgyl ester resins (VE) are often
produced by the reaction of epoxy resins such glyalilyl ether of bisphenol-A: N,N,O-
triglycidyl amino-phenol with acrylic or methacryliacid, and combines the excellent
mechanical, thermal properties of epoxy resins wiby processing, fast curing of VE resins.
That’s why the products of crosslinking polymeriaatare widely used in many fields [1].

The properties of the cured products on the basébofesins depend on various factors
such as the chemical nature, content of the Vihraed the curable system constituents
(diluents, initiators, accelerataricd) [1 - 8]. Therefore, it is necessary to deterntime optimal
conditions for crosslinking polymerization of theEVresins based system to obtain cured
products with desired properties.
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At present there has been only a few researchtsesoicerning of VE resins, in general,
and curing of the coatings on the base of the segirparticular, in Vietham [9-12].

This work presents the influence of cobalt naphtiberaccelerator on the crosslinking
polymerization of the curable system on the bas®e\ of epoxy-diane resin and styrene.

2. EXPERIMENTAL
2.1. Materials

Vinyl ester resin on the base of diglycidyl etheébsphenol A deluted by styrene (St) with
the weight ratio VE/St = 60/40 was obtained frontyRmr Technologies PTE Ltds{ngaporg
Methyl ethyl ketone peroxide initiator (B) was phiased fronSingapore Cobalt naphthenate
accelerator on the base of cobalt naphthenat€Gpivas 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 determimethe duration of the time needed for
the change of the investigated system from flowdilieéd to unpourable state at the ambient
temperature [13].

2.2.2. IR analysis

The Infrared spectra of the sample, before and aftang, were recorded by means of an
FTIR spectrophotometer (NEXUS 670 from Nilolet) thé Institute for Tropical Technology
(ITT), Vietnam Academy of Science and TechnologyA81). The changes of the reactive
functional groups during the curing were monitoge@ntitatively by following the variation of
their chacteristic IR absorption bands using theogttion band at 700 cheharateristic for the
C-H bond ofbenzeneing, which should be unchanged during the curasgthe reference.

2.2.3 Determination of the gel fraction and the ling degree

The gel fraction was determined by soaking the Wkéd sample in chloroform for 24 h at
room temperature. The insolubpert of the coating was recovered by filtration and diré 40
°C to a contant weight. The gel fraction was evalddtom the weight ratio of the insoluble part
to the initial sample. The swelling degree was wated 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 ¢asa glate, was measured by means of a
pendulum damping tester (model 300) according ¢ostiandard Persoz (NF T 30-016) at the

ITT, VAST. The relative hardness of a coating wesleated by making the ratio of its Persoz
hardness to the Persoz hardness of a standardotféessvhich was measured to be 425 s.
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3. RESULT AND DISCUSSION
3.1. Study of the crossliking reaction of the VE-tgrene system by FTIR spectrometry
3.1.1. IR spectra of the materials and VE-styrerstesn before and after curing

The IR spectra of the coatings on the base of Wese, B, C compounds before and after
24 h - curing at ambient temperature are present&dg. 1. In can be seen in the spectra the
absorption bands at 1630, 1411, 992 arharacteristic for acrylate double bonds of VEmes
absorption bands at 1630, 1411, 922 and 91% dnaracteristic for styrene double bonds and
absorption band at 700 €nsharacteristic for C-H bond of benzene ring. Apsion band at 910
cm* almost disappeared, absorption band at 70bwas unchanged after 24 h of the reaction.
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Figure 1 IR spectra of VE — styrene coatings before (a) aret 24 h of curing (b).
B content: 0.75 %, C content: 0.1 %.

So, absorption band at 910 ¢was chosen for study of the variation of the stgrdouble
bonds during the curing and absorption band atchddwas used as the reference.

3.1.2. Change of styrene double bonds during tbestinking

The variation of the styrene double bonds in thestiEene system containing 0.75 % B
and 0.1 % C is presented in Fig. 2. It is showmftbe figure that the styrene double bonds have
markedly reduced in the beginning stage of thenguprocess. There have been only 40.4 %
styrene double bonds remained after 120 min ofehetion. After 1440 min the double bonds
were almost converted with the residual contenm .
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Figure 2.Variation of the styrene double bonds in the \ieste system containing 0.75 % B and 0.1 % C.

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

Influence of accelerator content on the crosslighirocess have been investigated with the
ratio of B/(VE-styrene system) = 0.75 %

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

The thickening time is a parameter needed for @ing. So, the influence of the ratio
accelerator / (VE-styrene system) has been inagstigwith the values accelerator / (VE-styrene
system) of 0.025, 0.05, 0.075, 0.1, 0.2, 0.3 %P in this work. The dependence of the
thickening time on the ratio accelerator / (VE-styg system) is shown in Fig. 3.
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Figure 3 Influence of the ratio accelerator / (VE-styresystem) on the thickening time.
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It is indicated from the figure, that increase lo¢ taccelerator / (VE-styrene system) ratio
from 0.025 to 0.1 % speeds up the curing procedsshartens the thickening time from 75 min
to 36 min. However, the thickening time is almosthianged at higher accelerator / (VE-styrene
system) value. This can be explained by the fhet, the increase of the promoter/(VE-styrene
system) value favors the formation of free radida#sling to increase of the crosslinking rate.
However, the initiator amount in the investigatggtem is limited. When it has been totally
converted to free radicals, the further increasthefaccelerator can not affest the change of
free radicals in the system and as the consequémeeeaction rate as well as the thickening

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

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

The influence of the ratio accelerator / (VE-st@gesystem) on the variation of the gel
fraction, swelling degree and relative hardnesshaeen investigated with the values of the
accelerator / (VE-styrene system of 0.025, 0.05/%.0.1 %).

- Influence of the accelerator / (VE-styrene sy3teatio on the variation of the gel
fraction.

Figure 4 shows the influence of the acceleratdE-$tyrene system) ratio on the variation
of the gel fraction. It can be seen from the figuteat the higher accelerator / (VE-styrene
system) ratio, the faster the gel formation in itneestigated systems. However, the final gel
fractions were 99 %, i.e. the same for all studiachples.
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Figure 4 Influence of the accelerator / (VE-styrene systeatio on the variation of the gel fraction
Accelerator / (VE-styrene systen® 0.025 %[ 0.05 %,.A 0.075 %® 0.1 %.

- Influence of the accelerator / (VE-styrene systeatio on the variation of the swelling
degree.

The influence of the accelerator / (VE-styrene @ygtratio on the variation of the swelling
degree is presented in Fig. 5. As is shown from figare, the swelling degrees of the
investigated samples are reduced during the cunntp the curing time of 480 min, reaching
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the values of 400, 340, 290, and 290 % for the $ssnpith the accelerator / (VE-styrene
system) ratio of 0.025, 0.05, 0.075, 0.1%), respelgt Then, the swellinglegreeof samples
insignificantly change, reaching the final valuds2d4 — 220 % after 1440 min. So, in the
experimental conditions conducted, the accelerafgE-styrene system) ratios have almost no
affecton the final swellingdegreeof the studied samples.
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Figure 5 Influence of the accelerator / (VE-styrene sy3teatio on the variation of the swelling degree
Accelerator / (VE-styrene system)® 0.025 %/ 0.05 %,.A 0.075%@® 0.1 %.
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Figure 6 Influence of the accelerator / (VE-styrene sy3teatio on the relative hardness
Accelerator / (VE-styrene systen® 0.025 %[ 0.05 %,.A 0.075 %® 0.1 %.
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- Influence of the accelerator / (VE-styrene sy9teatio on the relative hardness.

The influence of the accelerator / (VE-styrene eygtratio on the relative hardness is
shown in Fig. 6. It can be seen from the figure tha relative hardness of the investigated
samples increased during the curing and reachedighest value after 96 h. The difference in
the relative hardness of the samples with variooselarator / (VE-styrene system) was
insignificant. After 96 h curing, the relative hagss of the samples having the accelerator
content of 0.025, 0.05, 0.075 and 0.1 % were @48, 0.62 and 0.64, respectively.

4. CONCLUSION

Based on the FTIR research resuttse absorption band at 910 ¢rmvas chosen for
guantitative determination of the variation of stye double bond during the crosslinking of the
VE-styrene system containing initiator methyl etkgtone peroxide. The absorption band at 700
cm’* characteristic for C-H bond of benzene ring, undeanduring the curing, was used as the
reference.

Under conducted experimental conditionBe styrene and acrylic double bonds were
involved in the crosslinking copolymerization lerglito the significant changes of the physical,
mechanical properties of the investigated system.

It was shown that the increase of the acceleraf@E/styrene system) ratio from 0.025 to
0.1 % speeded up the copolymerization, the thiclggngel formation, the increase of the
relative hardness and raised the final relativelfiess from 0.58 to 0.64. The optimal value of
the accelerator / (VE-styrene system) ratio wasrddhed to be 0.1 %. At the conditions, the
investigated coating reached the gel fraction of%9 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 COBANDEN

QUA TRINH KHAU MACH CUA HE PONG RAN TREN Q0 SO VINYLESTE CUA

NHUA EPOXY BIAN VA STYREN
Lé Xuan Hén', Nguyén Thién Mrong', Nguyén Thi Viét Triéu', Ngd Hanh Throng® "

ién Ky thudt nhiét doi, Vién I—]an lam Ighoa@c va Cbéng nghViét Nam,
18 Hoang Qduc Viet, Cau Giay, Ha Ni

Hoc vién Y Dot hpc o truyen Viét Nam, 2 Tan Pha, Hapong, Ha N

"Email: hanhthuong1209@gmail.com

Nghién gu anh hréng aia chit xuc tén cobalt naphlenatéén qua trinh khau ach aia b

d6ng #n trén o s vinyleste @a nhra epoxy dian va nta styren ¢a trén plrong phéap pb IR.
Trong qua trinh nghiénia, lién Iét d6i cua acrylat va styren gin din. Sy tham gia aa lién Kt
d6i dén qua trinh trang dp khau mach lamanh hrong i sw déng fn va thayddi tinh cHit co li
cua ¢ thdng vinyleste — styren. Khi thaidi ti I¢ khéi lwong aia chit xuc tién / nhra tir 0,025 —
0,1 % din t6i |am giam thoi giandéng in, &6 chueong, Eing phin gel,do cing aia I6p ngoai.

Tir khéa: chit x(c tén coban naphtalen, qua trinh khaaicin vinyl este, styren, IR, ph gel,
do6 truong, d6 cing.
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