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ABSTRACT

The effect of diane-epoxy resin (DE) and poly(tepdrofurane) divinyl ether (DVE)
content on photocrosslinking reaction of DE/DVE teys with triarylsulfonium salt (TAS) as
photo-initiator were investigated by IR spectraarmge of relative hardness and gel fraction. The
results showed that increasing DVE content impra@ude of physico-mechanical properties of
photocrosslinked coatings although relative harsireesd speed of photocrosslinking reaction
reduced. The changes of functional groups (IR spgctelative hardness and gel fraction as
well as the physico-mechanical properties of UVecucoatings based on DE/DVE/TAS system
illustrated that suitable mass ratio of constitsemas 80/20/5. The UV-cured coating based on
the system DE/DVE/TAS = 80/20/5 crosslinked conmglietfter 3.6 seconds UV-exposure and
having good physico-mechanical properties: impesistance reached 180 kg.cm; the flexibility
obtained 1mm; the adhesion and relative hardness pgént 1 and 0.7, respectively.
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1. INTRODUCTION

Diane-epoxy resin (DE) has been studied and usddlwin the industry such as paint,
varnish, composite... [1 - 3, 6]. However, due toirtléructure, cured diane-epoxy resin was
usually brittle, easy peeling and poor impact tesise and thus reducing the value and scope
application of diane-epoxy resin. There are mangra@gches to improve adhesion, impact
resistance of cured diane-epoxy resin like eithmxg resin modified by vegetable oils, or
adding the plasticizers, or curing with others lastiizer [1 - 3, 5 - 7].

Outstanding advantages of photocrosslinking metéad rapid crosslinking, saving the
energy, releasing no organic chemical pollutant emdslinked product having good physico-
mechanical properties. Therefore, the photocrdaslinhas attracted scientists studying [4, 5, 6,
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8]. Vinyl ether was harmless, active and low visigo£onsequently, vinyl ether usually used as
thinner lead to increasing mobility and crosslirdasity of UV-curing system and their curing
proceeded by a cationic mechanism [11 - 14]. C.kBeased the tri(ethylene glycol) divinyl
ether (TEDVE) as the thinner in UV-curable epoxicene system with a purpose to improve
reaction ability of epoxy resin. Due to presenc@ BDVE, the viscosity of system reduced and
created polymer had good plastic properties [11he©results of UV-curable rubber bearing
both epoxy and acrylate groups in its main chaird alivinyl ether showed that the
photocrosslinking rapidly occurred when the systeas irradiated by UV light (50 mW.cf
with the presence of 2% triarylsulfonium (TAS), itke double bond C=C of vinyl ether groups
in the system completely converted after 2s of expw UV [12]. In other study,
photocrosslinking of epoxidized natural rubber (BN&d di(ethylene glycol) divinyl ether
(DEDVE) system was investigated. The obtained tesudicated that the reaction occurred
fast. The product of UV-cured ENR/DEDVE experienteder hardness and higher flexibility
in comparison with ENR cured. In addition, the ENERDVE cured had good adhesion to metal
and plastic surface [13].

The photocrosslinking process of DE/DVE has beadistl with a desire using the DVE as
a thinner and improving physico-mechanical propertnamely improving the flexibility,
toughness of cured diane-epoxy resin meeting demiaed as decorative protective coating
materials, adhesives materials,... The previousarel indicated that the suitable content of
photo-initiator was 5 % wt. [9]. This work presemtsntinuously the effect of DE and DVE
content on the photocrosslinking process of thelME/TAS system.

2. MATERIALS AND METHODS
2.1. Materials

Diane-epoxy resin (DE) used was of type NEPL-128&t tmade in Taiwan. Poly
(tetrahydrofuran) divinyl ether (DVE) was supplicdy BASF Company (Germany).
Triarylsulfonium salt type UVI — 6990 (TAS) weremghased from Ciba Specialty Chemicals.
Chloroform used was of P grade from China.

2.2. Sample preparation
The photocrosslinking systems were prepared byngpixionstituents: DE and DVE with
various mass ratio DE/DVE = 75/25; 80/20; 85/15/100and 95/5 while content of TAS was

constant, at 5 % wt. The various mass ratios dgétdaents in this study were shown on the Table 1.

Table 1.The mass ratio of constituents in the photocroksisystem.

Constituents
No DE (% wt) | DVE (% wt) | TAS (% wt)
1 75 25 5
2 80 20 5
3 85 15 5
4 90 10 5
5 95 5 5
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The 30um thickness film were cast either on a KBr cry$talinfrared spectroscopy (IR)
analysis, on the glass plates for relative hardaedsgel fraction measurement, or on the copper
plate for flexibility determination, or on the stgmate for other physico-mechanical properties
determination. After that, the samples were expdedtie UV radiation of a medium pressure
mercury lamp from FUSION UV (model F 300S) in thegence of air at ambient temperature.
They were passed repeatedly under the lamp at spesy between 5 and 40 m/s. Each pass at
a speed of 5 m/s corresponds to an exposure tirh . The intensity of the UV light reaching
the sample was measured by radiometry to be 250cmtV/

2.3. Analysis

- IR analysis The infrared spectra of the sample, before aner &JV irradiation were
recorded by means of an FT-IR spectrophotometeX(NE670 from Nicolet). The changes of
the reactive functional groups upon UV exposureewmponitored quantitatively by following
the variation of their characteristic IR absorptiands. According previous studies showed that
the absorption bands at 1803 tfTAS), 914 crit (epoxy group) and 971 ch{(divinyl group)
were markedly reduced. As expected, the absorptima at 1510 cih(aromatic double bonds)
remained essentially unchanged upon UV irradiatitence, the absorption bands at 1803, 914
and 971 cmwere used for the quantitative evaluation of thengfes in the functional groups of
the coatings during UV exposure. The absorptiordlznl510 cil was used as a reference for
our quantitative evaluation of the reaction kine{@]. From the decrease of the structural bands,
the relative amount of remaining functional growazs determined by making the ratio of the IR
absorbance at the corresponding wavenumber affimea exposure time (Pto the absorbance
of the unexposed sampled))10]. Remaining group (%) ={Dx100.

Note: D = ¢.l.C = log (k1) = log [1+H/(100-U)]; (H and U value were given by IR
application as simulation was presented on schéme 1

A
100 f============----so-o-- -

Transmittance (%)

II
a ¥ >

Wavenumber (cm)

Scheme 1Simulation of IR spectra calculation [15].

- Determination of physic-mechanical propertid$e relative hardness of the UV-cured
coating was measured by means of a Pendulum Dampstgr (model 299/300), according to the
ISO 1522. The impact resistance of the coatings dedsrmined by means of an Impact Tester
(model 304) according to the ISO 6272. The adhesfdhe coatings on steel was evaluated by
using the Elcometer Cross Hach Cutter accordi§@2409. The flexibility was determined by
usingIlIl'-1 equipment according to ti®CT 6806-53.
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- Determination of the gel fractioThe gel fraction of the photocrosslinked polymeess
performed in a Soxhlet equipment according ASTM 182 Samples were held by a piece of
120-mesh stainless steel cloth, were weighed, lagd immersed in the chloroform solvent at
the ambient temperature in 24 hours. After extomctthe specimens were removed, dried, and
reweighed as directed. The gel fraction was evatuitom the weight ratio of the insoluble part
to the initial sample.

3. RESULTS AND DISCUSSION

3.1. Effect of DE and DVE content on functional grap changes in the process of
photocrosslinking DE/DVE/TAS system

The changes of epoxy and vinyl ether groups’ cdatanthe process of photocrosslinking
were presented on the Fig. 1 and Fig. 2, respdgtive

Remaining epoxy group (%)
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Exposurc time (s)

ED/DVE *:95/5 x:90/10 A:85/15 m:80/20 e :75/25

Figure 1.Effect of DE and DVE content on the change of gpgroup content in the photocrosslinking
process of DE/DVE/TAS system.

In general, the epoxy groups were reacting rapidigng in the first of 4.8 seconds UV-
exposure, after which reaction gradually slowed mlowfter the first of 3.6 second UV-
exposure, the remaining epoxy group contents irplieeocrosslinking systems at 80/20; 85/15;
90/10 and 95/5 of DE/DVE mass ratio were 11; 16;a88 32 %, respectively, and then the
epoxy group converted insignificantly. In companiseith other systems, the speed conversion
of epoxy groups of system at mass ratio DE/DVE R%Saw the slowest but conversion epoxy
group content experienced lowest content, at 7%ndans that when the content of DVE in
system increased, the content of epoxy group aongyegroup concentration reduced and thus
falling the speed of conversion of epoxy group. ldeer, the content of DVE increased leading
to the flexibility of system also grew. The UV lighould irradiate deeper inside coating and
thus the photocrosslinking being thorough.

As can be seen from Fig. 2, the UV exposure timevifoyl groups converted totally were
longer when increasing the DVE content. It tooke8mds UV-exposure for system having
DE/DVE = 75/25 and 2.4 second for system havingIDE = 95/5 to convert completely vinyl
groups. It means that the DVE content was, moréess, proportional to conversion vinyl
groups’ time. Up to a point, the content of DVE hasignificantly effect on the speed of vinyl
group converting.
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Figure 2.Effect of DE and DVE content on the change of Vgrnpup content in the photocrosslinking
process DE/DVE/TAS system.

The changes of TAS content in photocrosslinkingtiea were showed on the Fig. 3. Overall,
the speed of conversion TAS was sharp during tise df UV-exposure process, after which the
conversion of TAS gradually slowed down. When iasneg the DVE content, the speed of TAS
conversion reduced but the total of TAS convergi@w. It could explain that increasing the DVE
content as the DE content reduced, the compatibiliTAS with DE/DVE system, to some extent,
reduced because DE and TAS had similar structuraicing benzene rings. After 24 seconds UV-
exposure, the remaining TAS group in the phototndésg systems at 75/25; 80/20; 85/15; 90/10
and 95/5 of mass ratio DE/DVE were 44; 34; 26; &8 19 %, respectively.
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Figure 3.Effect of DE and DVE content on the change of Ted&tent in the photocrossliking process
DE/DVE/TAS system.

3.2. Effect of DE and DVE content on the changes afel fraction, relative hardness in the
photocrosslinking reaction

The changes of relative hardness value of UV-ceoedings with different DE/DVE mass
ratios were displayed in the Fig. 4.
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Figure 4.Effect of DE and DVE content on the change oftretahardness in the photocrosslinking
process of DE/DVE/TAS system.

From the Fig. 4, the times of appearing and maxevaif the relative hardness were, to
some extent, inversely proportional to DVE conté&air the system having DE/DVE ratio being
75/25, the relative hardness appeared after 2@hdedV-exposure and the max value reached
0.6 after 10.8 second UV-exposure. By contrast,tlier system having DE/DVE ratio being
95/5, there was first relative hardness, at Ot2r &.6 seconds UV-exposure and then the value
of relative hardness increased dramatically, levgloff at 0.9 after 1.8 seconds UV-exposure.
This rule also presented through the changes dfaion in the photocrosslinking process.
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Figure 5.Effect of DVE and DE content on the gel fractiorthie photocrosslinking process of
DE/DVE/TAS system.

The changes of gel fraction of photocrosslinkingtems were presented on the Fig. 5. Overall,
the gel fraction grew dramatically in the firstggteof UV-exposure process. All of samples reached
over 90 % of gel fraction. For the systems at 8088)15; 90/10 and 95/5 of DE/DVE mass ratio,
the value of gel fraction increased rapidly dur§ seconds UV-exposure, after which the gel
fraction became slow down and remained unchanged4B seconds UV-exposure. Especially,
for photocrosslinking system having DE/DVE massiorabeing 75/25, the gel fraction
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experienced the slowest increase but the gel dradted continuously upward trend to higher
point. The DVE content increased (it means the gpasin content reduced) leading to
flexibility increasing. As a result, the photocrirsiing probably occurred deeper.

3.3. Physico-mechanical properties of cured coatingased on DE/DVE/TAS system

From obtained results, the suitable UV-exposureetihad been selected for each
photocrosslinking system. The physico-mechanicap@rties were displayed on the Table 2.

Table 2.Physico-mechanical properties of UV cured coatiaged on DE/DVE/TAS system.

Impact I . .

No | ED/DVE/TAS QV exposure| . icionce Flexibility Adhgsmn Relative
time (second) (mm) (point) | hardness

(kg.cm)
1 75/25/5 12 >200 1 0 0.6
2 80/20/5 3.6 180 1 1 0.7
3 85/15/5 3.6 140 3 2 0.75
4 90/10/5 2.4 90 5 3 0.8
5 95/5/5 24 20 >5 5 0.9

From the Fig. 1 — 5 and the Table 2 showed thatnwB¥E increased, the physico-
mechanical properties of UV-cured coatings alsorowed but the speed of photocrosslinking
was slow down. The cured coating based on systeYEHTAS = 75/25/5 experienced the
best physico-mechanical properties but the slowpsed of photocrosslinking as to complete
UV-cured this coating needed 12 seconds UV-expositifee photocrosslinking system
DE/DVE/TAS = 80/20/5 having the conversion funcabgroup quickly, after 3.6 seconds UV-
exposure, cured coating having high gel fractiod good physico-mechanical. Therefore, the
suitable mass ratio of photocrosslinking based BfOWE/TAS was 80/20/5.

4. CONCLUSION

The DVE content was proportional to physico-mecbalnproperties of UV-cured coating
based on photocrosslinking DE/DVE/TAS system and we@nversely proportional to speed of
photocrosslinking reaction.

The suitable mass ratio DE/DVE/TAS was 80/20/5. Bhstem completely cross-linked
after 3.6 second UV-exposure. The UV-cured coatagng good physico-mechanical: impact
resistance reached 180 kg.cm; flexibility obtaidedm; adhesion and relative hardness were
point 1 and 0.7, respectively.
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TOM T AT

NGHIEN CUU QUA TRINH KHAU MACH QUANG QUA HE NHUA EPOXY
DIAN/POLY(TETRAHYDROFURAN) DIVINYL ETE

Il. ANH HUONG CUA HAM L UONG NHUA EPOXY VA POLY-

-(TETRAHYDROFURANE) DIVINYL ETE TGl QUA TRINH KHAU MACH QUANG AJA
HE NHUA EPOXY DIAN/POLY(TETRAHYDROFURAN) DIVINYL ETE

DPao Phi Hung Nguyén Anh Higp, Mac Van Phuc
Vién Ky thugt nhiét doi, VAST, 18 Hoang Qe Viét, Cau Gidy, Ha Noi.

"Email: dphung@itt.vast.vn

Anh hréng aia ham rong nhra epoxy dian (DE) va poly(tetrahydrofuran) divirgte
(DVE) t6i phan tng khau mach quang ¢a k¢ DE/DVE Wi chit khoi mao quang mai
triarylsulfonium (TAS)da dugc nghién ¢u thong qua ph IR, r bién doi o cang trong dbi va
ham gel. Kt qua cho thy khi ting ham rong DVE thi mang khau ach c6dd cang trong dbi
thip, tbc 46 khau mch clim nhrng ki nang cao it sb tinh chit co li. Sy bién d6i cAc nhém
dinh chre, d6 cing trong d6i, ham gel ang nhr cac tinh cht co Ii cia mang khau ath quang
trén @ sv DE/DVE/TAS cho thy ti 1¢ khdi lwvong thich kyp cho qué trinh khau aoh & 80/20/5.
Mang khau rach quang trén« sy hé nhya DE/DVE/TAS i ti 1& khéi lugng 80/20/5 khau
mach hoan toan sau 3,6 giay éhitia tr ngai va cé tinh cht co ly tét: do bén vadap dat 180
kg.com;do bén udn dat 1mm;do bam dinh vato cang trong ddi twong ung ladiém 1 va 0,7.

T khéa: nhra epoxy dian, poly(tetrahydrofuran) divinyl eteakhmach quang
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