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Summary

Diethyleneglycoldivinylether (DVE2) and triethyleneglycoldivinylether (DVE3) were
photopolymerised together with monoviethers anchydroxyalkylvinylethers, inorder

to study the curingeraction and to evaluate tipeopeties of the films obtained. In the
presence of the monovilgthers, the flexibility of the cured films increased and the Tg
values decreased. In the presence of a hydroxyalkylvinyl ether, a strongeigalasn
effect was obtained and attributed to a chain transfer reaatiotving -OH groups.

Introduction

The cationic polymerisation of vinyl ethers is wkflown; a number of furadinentals
papers were published by Japanese researchers focussed on the reactivity of the
monomers and on the kinetics aspects of ghecess, on the living polymerisation
conditions and on the structure of the polyrierEhe reaction can be initiated also by
radiaton, in the presence of theitsble photoiritiators: Crivello and co-arkers were

the first to photopolyméze vinyl ethers andpoxy compountf using diaryliodoniurn

or sulfonium alts. Thisroute is more recent than the radipalotopolymeriation, but

is obtaining increasing iportance for the combation of the great reactivity of the
curable systems, the absenceogygen inhilition and the goodnechanicalpropeties

of the cured films, together with the low toxicity and the limited irritation effects of the
reactive nonomers.

Several reviews are reported on this techrfijum this field we investigated the
photopolymeriation of vinyl ether systems in the presencénadroxy compoundsand
studied the effect of the chain transfer reactiovoiving the -OH groups, previously
described by Crivell8

Pursuing this research, we have taken into accountterags containing
hydroxyvinylether nonomers: in this paper we evaluate the reactivity of these
compounds during the photopolymetion and the propges of the obtained films.
As a comparison some mono vinyl ethers were used édsvadd
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Experimental

Materials

The following products were used:

» diethylene-glycol-divinyl-ether (DVE2)
diethylene-glycol-monovinyl-etheHDVE?2)

dodecyl-vinyl-ether (DDVE)

triethylene-glycol-methyl-vinyl-ether (MDVES3)

triethylene-glycol-divinyl-ether (DVE3)

DVE2, HDVE2, DDVE and MDVES3 wer@urchased from Aldrich, DVE3 was kindly
supplied by ISP &rope (Guildford).

The photoiitiator, triarylsulfonium hexafluorophospte (50% w/w solution in
propylene-carbaaie, Cyracure UVI-6990) was kindly given by Union Carbide. The
concentration of the pure photdiator in the polymeric mixture was always 2% wi/w.

Curing procedure

Films of the curedproducts were dhined following the procedure previously
reported. The film thickness wasbaut 100 um.

The light intensity was about I@W/cnf; the curing was performed over 50 seconds
in the presence of air. After curing, théms were peeledff the polypropylene
substrate.

Analyses

FT-IR analysis was performed on the product before and after the UV-curing, using a
Spectrometer Genesis Series ATl Mattson: the reactive mixture was put between two
polypropylene thin ifms. The FFIR spectrophotomneter operated in the abance

mode and the residual unsaturations (R.U.) weakeulated by the decrease of the
1620 cnt vinylether bandipon UV exposure.

Dynamic-mechanical thermal analysis (DMTA) wagsfpened by using a Polymer
Laboratories Instrument MK 1l at the frequency of 1 Hz in the tensitéiguration.

E' and tand were measured asfanction of temperature in the rangg0/+100C. The

size of the specimen strips wasat 20x40x0.1mm.

DSC measurements wererfmemed with a Mttler DSC 20 instrument, with a low
temperature equipment.

The gel content of the cured films was determined by measuring the weight loss after a
16 h treatment with CHCI The sol fraction contains low M.W. vinylether oligomers,

as revealed by FIR: the sgctra exhibited a complex patte in which one can
distinguish the intense ether band at 1130 amd small signals of thphotoiritiator
fragments in the range 1500-1600 crfihe double bond band was absent.

Results and discussion

In Table 1 the propé&es of UV cured films containinddDVE2 as an adtlve are
reported and compared with the films obtairfeain pure divinyl ethers, DVE2 or
DVE3.

The presence of the HDVEZ2 haglear influence on the Tg of the systems: the higher
the concentration of the additive the lower the Tg. On the agntreptwithstanding
the addition of the HDVEZ2, thdouble bond conversion eimost completdor all the



643

mixtures, as determinedirbugh FT-IR analyses: the esgra show the disappearance
of the vinyl ether band at 1620 ¢mpon UV exposure.

TABLE 1: Properties of the UV-cured films containing hydroxymonovinylether

Film % wiw' | % mol’ |RU. %°| Tg Tg Gel
(°C)* (°C)* |Content %

DVE2 0 0 53 41.0 88.6 98.0
DVE2/HDVE2 10 11.8 0.0 23.2 54.7 92.5
DVE2/HDVE2 20 23.0 3.0 7.6 48.8 90.0
DVE2/HDVE2 40 44.5 38 -183 25.3 78.5
DVE3 0 0 6.7 31.0 58.2 98.0
DVE3/HDVE2 10 14.2 0.0 -5.7 30.2 95.8
DVE3/HDVE2 20 27.0 43 -33.2 13.0 90.0
DVE3/HDVE2 40 49.5 4.1 -52.7 | -10.0 71.3

a: weight of hydroxyvinylether / total weight, b: moles of hydroxyvinylether / total moles, c: Residual
Unsaturations obtained by FT-IR, d: by DSC, e: by DMTA

Examining the spectra fore and after photopolymeason, other interestingeitures

are revealed. As typical examples, the spectra of the UV cured films obteonedhe
mixture DVE3/HDVE2 90:10 and 80:20 w/w arepeeted in Fig. 1: at 3500 chit is
evident the decrease of the hydroxy group bandgcanichg that the OHgroups are
consumed during the process. These results can l&ireegh on the basis of the chain
transfer mechanism, which can take place in the presence tifytinexy coraining
monomers",

The mechanism is outlined in Scheme 1, wheredhmation of the polyvinyl chain as

a consequence of the polyaddition process is sketchedhyiiexy group, present in

the HDVEZ2, inteacts with the cdoocationic species, giving rise to tf@mation of an
ether bondHDVE2 behaves like a chain transfer agent and reduces the polyvinyl chain
length, introducing flexible ether groups. At thanse time the polarOH groups
disappear.

It is well known that in thecationic polymerisation also a chain transfer to the
monomer is present, which reduces the polyvinyl chain length. Whenever this reaction
takes place, we can assume that the twmamers have a similar reactivity. Thine

the higher flexibility of the opolymer can be eXpined on the basis of the chain
transfer of Scheme 1. This is the only reaction able to modify the structure of the
network of the copolymer with regspt to the horpolymer. The structure was
investigated by NMR and will be perted in a forthcoming wotk
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Figure 1: FT-IR spectrum of the UV cured film obtained from the mixture
DVE3/HDVE 90:10 w/w (1a) and DVE3/HDVE2 80:20 w/w (1b)
before (a) and after (b) photopolymerisation
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Scheme 1: Chain transfer mechanism

The DMTA analyses confirm the moabétion of the cured films when thdDVE?2
monomer is added to the divinylether. As an example, we can compageii@ # the
thermodynammechanical rggonse of the pure DVE3Ii and of the DVE3ADVE?2

80:20 w/w mixture.



646

10! | .50

2a
.45
E Tan delta
-.40

.38
1010

Tensile E* (Pe)
Tensile tan &

.20

.45
\ . 10

10 H0.00

107 o

s-
g
B

60
Teaperaturs (°C)

101 4 .55

2b

.45
Tan deits

10 3 .40

. 35
-,30

10° 5
1 .25

Tensile E' (Pa)
Tensile tan £

.20

7 .48
-, 10

.05

I t ¥ 1 1 T

0 20
Temperature (°C}

Figure 2: DMTA spectra of the cured films:
DVES3 (2a) and DVE3/HDVE2 80:20 w/w (2b)

The Tg value, expressed by the maximum of thedtaurve, isclearly shifted to lower
temperatures in the presenceRiDVE2. Moreover the E' values of the hopolymer
are at least onerder of magnitude higher than the copolymeraih the range
investigated.
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In order to evalate the influence of a emofurctional vinyl ether on the propess of

the difunctional system and toomfirm the role of the-OH group in the e@action
mechanism, we investigated thghotocopolymerigtion with dodecyl-vinyl ether
(DDVE3) and trethylen-glycolmethyl-vinyl-ether (MDVES3) at different conceatron
ratios. The main results obtained are collected in Table 2.

Changing the content of the monoftional monomer in the mixture, from 0 to
40%w/w, the Tg value decreases and the fiésdiion of the netwrks is achieved.
Similar results were obtainedovking on acrlic UV-curable systent§and the effect
can be attributed to the decrease of the crosslinking density of therketw

Comparing the results of Table 2 with those obtained with films contaidgE2
(Table 1), we can see that the flakgation effect is sbnger in the presence of the
hydroxy vinyl ether monomer. This behaviour is surprisiegduse the hoopolymers
containing -OH groups in the regating unit have a higher Tg value than their
homologues withoutOH groups. In thditerature many examples arepoeted, e.g.
the Tg of poly-n-propynethacrylate and pgi2-hydroxypropymethacrylate are 3&

and 78C respectiveli. The effect observed iour sysems can beinderstood only by
considering the structure formed after the chain transfer reaction of Scheme 1: the
polyvinyl chain is shortened, theOH groups are consumed and flexible ether bonds
are introduced in the network.

TABLE 2: Properties of the UV-Cured films containing monovinylethers

Film % w/w’ | % mol” |RU. %°| Tg Tg | Gel Content
O’ | oy %
DVE2 0 0 5.3 41.0 88.6 98.0
DVE2/DDVE 10 7.61 0.0 343 80.3 95.3
DVE2/DDVE 20 15.6 2.0 25.6 72.8 93.0
DVE2/DDVE 40 33.1 43 -12.4 43.2 90.5
DVE3 0 0 6.7 31.0 58.2 98.0
DVE3/MDVE3 10 10.3 0.0 26.2 47.6 97.0
DVE3/MDVE3 20 20.5 2.3 8.3 34.0 92.8
DVE3/MDVE3 40 40.5 4.7 -41.6 0.5 90.3

a: weight of monovinylether / total weight, b: moles of monovinylether / total moles, c: Residual
Unsaturations obtained by FT-IR, d: by DSC, e: by DMTA

Conclusions

The divinylether systemphotopolymerised through eationic mechanism are made
more flexible when a monofational vinylether is added to the reactive mixture. Also

the hydroxy termiated nonovinylethers have this effect:usprisingly the obained

films show a Tg even lower than the hoogus copolymers withoutOH groups.

The plasticisation due to the iatluction of a monofuational monomer is attributed

to the decrease of the crosslinking density. The betteiorpgance of the -OH
terminated additives can be explained on the basis of a chain transfer mechanism
involving the —-OH groups. As a consequence of tleaaton, the -OH terminated
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monomer decreases the vinyl chain length and at the same timnducds flexible
ether bonds in the network.
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