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1-Propenyl ethers of butanediol as effective modifiers of UV-cured 
epoxy coatings in cationic polymerization

RAPID COMMUNICATION

Summary — Models mono- and di-l-propenyl butane-1,4-diol ethers (MoPnE 
and DiPnE respectively) have been used as modifiers of coatings on the basis 
of epoxy resin Epidian 6, UV-cured at room temperature in the presence of air 
and cationic initiators (triarylsulfonium salts containing either SbFó” or PFó” 
anions). The effects of the type and amount of the ether used as a modifier as 
well as curing time on glass transition temperature, flexibility, hardness and 
drying time of coatings investigated have been determined. MoPnE appeared 
to be most reactive modifier because of the presence of two reactive points in 
the molecule: double bond and primary OH group. This ether can be included 
into a new class of the monomers active in cationic polymerization of so called 
monofers.
Key words: epoxy resins, cationically UV-cured coatings, propenyl ethers of 
butanediol, modification, flexibility, curing time.

Photoinitiated polymerization (radiation curing) is 
a technologically important process which has found 
manifold industrial applications for paints, varnishes, 
inks, negative photoresists (stereolitography of forma­
tion of three-dimensional objects), adhesives (used in 
welding and sealing in electronic circuit boards) and 
fast-drying protective coatings (for paper, wood, board, 
tapes, CDs and holograms) [1—3].

The multifunctional liquid monomers undergo very 
rapid photopolymerization to cross-linked solid poly­
mers, specifically by using photoinitiated cationic po­
lymerization [4]. Cationic UV curable coatings have bet­
ter adhesion for various substrates than the free radical 
cured coatings, and also are not subjected to oxygen in­
hibition [3, 5]. The heterocyclic compounds with oxygen 
atom, in particular epoxides (e.g. cycloaliphatic epo­
xides) and oxetanes, are the most important reactive 
monomers/oligomers used for cationic UV-cured coat­
ings [3, 6— 8]. The epoxy cured coatings have many use­
ful properties (i.e. excellent adhesion, chemical resis­
tance and mechanical properties) but, in general, their
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toughness is not satisfactory [6, 9]. Recently, the cationic 
polymerization of epoxides is accelerated by the addi­
tion of different alcohols [6, 8,10]. The epoxy resins con­
taining alcohol groups in the same molecule were also 
used. This type of monomers containing both poly­
merizable groups as well as moieties that induce chain 
transfer were described by Goethals et al. [11], who 
named them — monofers.

Propenyl ethers of polyols containing double bonds 
as well as OH groups can play the role of such monofers. 
Such compounds are easily prepared, and economically 
attractive classes of rapidly and efficiently cationically 
photopolymerized monomers [12].

In the present work, we have described the use of the 
modelling 1-propenyl ethers (PnE) of 1,4-butanodiol, i.e.
l,4 -di(l-propenyl)oxybutane (DiPnE) and 4-(l-pro- 
penyl)oxybutane-l-ol (MoPnE) as cationically polyme­
rizable modifying agents of epoxy coatings UV-cured in

н о -  (CH 2)4-  o -  C H = C H - C H 3 

M oP nE

C H 3-  C H = C H - O -  (CI-I2) 4 -  O -  C H = C H - CMj 

D iPnE

the presence of cationic photoinitiators. Unrefined 1,4- 
di(l-propenyl)oxybutane including homogenized ruthe- 
nium(II) complex [RuClH(CO)(PPh3)3] (see Materials) 
was also applied as a modifier.
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EXPERI MENTAL

M a teria ls

The ep o xy  B isphenol A  —  based resin Epidian 6 w as  
purchased from  Z C h  N o w a  Sarzyna (Poland). T h e ca­
tionic initiators (C l), i.e. triarylosulfonium  salts w ith  ani­
ons either PF6~ (Ch) or SbFó” (Ch) (as 5 0 %  solu tion  in  
p ropylen e carbonate) w ere su p p lied  by A ldrich  C h e m i­
cal C o. (G erm an y). The synthesis o f m o n o - and  m u lti-1 - 
-p rop en y l ethers o f d io ls and triols via isom erization of 
correspondin g allyl ethers catalyzed b y  ruthenium  com ­
p lexes {particularly b y  [R u C lH (C O )(P P h 3 b ]} w a s  d e ­
scribed in details p reviou sly  [13, 14]. 1 -P ropenyl ethers 
w ere isolated from  the post-reaction m ixtures b y  distilla­
tion un der reduced pressure. In our investigations both  
purified m o n o -1 -p ro p e n y l (M oP nE ) and d i-l-p r o p e n y l  
(DiPnEpure) ethers o f b u ta n e -1 ,4 -d io l as w e ll as unre­
fin e d  d i - l -p r o p e n y l  m o n o m e r  in c lu d in g  v e r y  lo w  
a m o u n t (0 .0 5  m o l % )  o f h o m o g e n iz e d  ruthenium (II) 
com p lex  (DiPnE[RU]) w ere applied.

M e th o d s

T h e p ro cesses o f p h o to p o ly m e riz a tio n  w ere co n ­
d u cted  b y  p la c in g  p repared  m ixtu res o f  r e s in /e t h e r /  
initiator, u se d  in d efin ite  ratios, on to  g lass p lates at 
a typ ical th ickness o f 90  p m  u n d er 180 W  m e d iu m  —  
pressu re arc la m p  (/.max —  366  n m , F a m e d -1 , typ e V P  
60) at a d istan ce 10 cm  an d  irradiatin g  th em  at room  
tem peratu re. W e  h av e  d eterm in ed  h ardn ess accordin g  
to P ersoz ( P N - 7 9 /C -8 1 5 3 0 ) , d ry n ess (P N -7 9 /C -8 1 5 1 9 )  
a n d  fle x ib ility  ( P N -7 6 /C -8 1 5 2 8 )  o f  ra d ia tio n  cu red  
coatin gs d ifferin g  in c o m p o sitio n s . T h e g lass transi­
tion tem p eratu re (Tg) w a s  d eterm in ed  u sin g  d y n a m ic  
m ech an ica l a n alysis  (D M T A , M K I I  P o ly m er L aborato ­
ries, h eatin g  rate o f 3 ° C /m i n )  u n d er n itrogen  a tm o ­
sph ere [15].

The ethers w ere incorporated system atically into the 
lacquer form u lation s from  0 to 20 w t. % ; Cli and Ch 
initiators w ere applied  in a range 0 .5— 7 w t. % . The m in i­
m u m  irradiation tim e to produce a cross-linked solid  
p o ly m er film , u sefu l for further assessm ent, w as deter­
m in ed  as 2 m in , in dep en den tly  on  the type and am oun t  
o f initiator u sed .

RESULTS A N D  DI S CUS S I ON

A ll  coatings obtained w ere colorless, transparent, in­
so lu ble  in w ater and organic solvents (i.e. ben zen e, tolu ­
ene, xylen e, acetone, m eth an ol, ethanol, d iethyl ether), 
and h ad  g o o d  qu ality  and very g o o d  adhesion  to glass, 
w o o d , m etal and plastics (e.g. Estrofol film ). T h e applica­
tion of such system s seem s to be very  attractive and in­
teresting from  chem ical and  econom ical point o f view , 
because in a very  short irradiation tim e very g o o d  pro­
perties o f the coatings can be achieved.

T a b l e  1. Glass transition temperature (T s ) o f  the selected coat- 
*)mgs

Composition

U0f-7

Epidian 6/Ch  * 58.0 137.9
Epidian 6 /DiPnEpUre/Cf2 57.6 107.6
Epidian 6 /DiPnE[Rui/C/2 62.1 111.4
Epidian 6/МоРпЕ/С1г 58.1 99.9

* Weight content of component Epidian 6/PnE/Ch = 100/5/3.
* Ch  is a mixture in 1 ,2 -propenediol cyclic carbonate.

The Ts valu es o f the selected film s prepared o f epoxy  
resin E pidian  6 w ith M o P n E , DiPnEpure and DiPnE[RU] 
are presented in Table 1. U n expectedly , w h en  u n m o d i­
fied resin E pidian  6 w as cured in a presence o f Ch, the 
tw o  distinct TgS w ere determ ined (perhaps it m a y  be  
caused b y  presence o f the photoinitiator solven t —  pro­
p y le n e  carbonate). T h e  sa m e appears also  in case o f  
m odifier containing system s. From  tw o Tss w h ich  w ere  
m easu red , the higher one is taken for the discu ssion  of 
results. T h e  introduction  o f 1 -p ro p e n y l ethers to the 
epoxy coating E pidian  6 /Ch causes appreciable drop  in 
the secon d Tg (Table 1) and sim u ltan eou sly  substantially  
im proves the flexibility o f the cured coatings (Table 2). It 
w a s observed  from  the Tg and  flexibility results that 
M oP n E  sh ow s the best plasticizing effect. It is also clear 
from  Table 2 that C li initiator m akes eviden t the a d van ­
tageous m odifiers effect m ore effectively.

T a b l e  2. Flexibility 1 of Epidian 6-based coatings modified by 
1-propenyl ethers in the presence of cationic initiators Cli or C h  
(Epidian 6/CI = 100/3)

1-Propenyl modifiers
Flexibility

initiator Ch initiator Ch

DiPnEpure 5 20

DiPnE[Ru| 3 10
MoPnE 1 5

’ Flexibility is defined by the amount of 1-propenyl ethers sufficient to 
get not cracking coatings in the whole range of pins (2 — 2 0  mm).

L o w  m o lecu la r  w e ig h t e p o x y  resins as E pidian  6 
form  very hard, tack-free but very  brittle coatings. W e  
h ave fou n d  that 3 w t. %  o f cationic initiators and 10 m in  
o f U V -cu re (for E pidian  6 /CI com p osition s 1 0 0 /3 )  ap­
peared sufficient to obtain coatings w ith  h ighest degree  
o f dryin g (i.e. 7). The addition  o f 1 -p rop en yl m on om ers  
u p to 20 w t. %  did  not deteriorate this property. The  
exceptions are coatings m o d ified  DiPnE[RU] and initiated  
b y  PF6-  su lfon iu m  salts. For them  considerable decrease  
o f dryness extent (from  7 to 3) w as observed , especially  
w h e n  h ig h er  a m o u n ts  (15  w t. %  a n d  2 0  w t . % )  o f  
DiPnE[RU] w ere a d d ed .

The Persoz hardness data of the selected U V  coatings 
are sh ow n  as a function o f the content o f PnE (Fig. 1) and  
photocuring tim e (Fig. 2). N o t  surprisingly, the hardness
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o f film s m o d ified  b y  M oP n E  (Fig. 1, curve 1) w a s m uch  
higher than those in cases o f DiPnEpurc (curve 2) and  
DiPnE[Ru] (curve 3). G enerally, w h en  the concentration  
of the ethers in the lacquers increased, the coatings be­
com e softer a n d , consequently, hardness w as reduced.

0 4  8 12 16 20
CM., pbw/100 pbw of resin

Fig. 1. Persoz hardness of the coatings as a function of modifier 
(PnE) amounts (С р п е ) in cationic photopolymerization cata­
lyzed by Ch (Epidian 6/Ch = 100/3); 1 —  MoPnE, 2 —  DiPnEpure, 3 —  DiPnEfRul

0 4  8 12 16t, min

Fig. 2. Persoz hardness of the modified coatings as a function 
of the photocuring time (t) in cationic photopolymerization 
catalyzed by Ch (Epidian 6/PnE/Ch = 100/5/3); for symbols 
see Fig. 1

T h e  c o m p a r iso n  o f  reactiv ity  o f u sed  1 -p ro p e n y l  
m o n om ers cou ld  be indirectly discu ssed u sin g  the h ard­
ness results, especially  those from  the d epen den ce o f the 
p h otocu rin g tim e (Fig. 2). It w as fou n d  that, in case o f  
u sin g o f D iP nE  as a m odifier, the p h otopolym erization  
process initiated b y  Ch and Ch  runs faster in the pre­
sence o f h o m o g en ized  ruthenium  com p lex  (curves 2 and  
3). For the DiPnEpure m odifier the induction period w as  
o b serv e d  (cu rv e  2). S u m m a riz in g , the m o st reactive  
m od ifier is M o P n E  (curves 1 on both Figures). This fact 
co u ld  be co n n ected  w ith  the presence o f 1 -p ro p en yl  
g ro u p  an d  prim ary h yd ro x yl grou p . It is generally ac­
cepted that the presence o f alcohols has a considerable  
effect o n  the cationic rin g -op e n in g  p olym erization  o f  
epoxides [6, 7 ,1 0 ] .  T h e m o n o -1 -p ro p en y l ether seem s to

be the h igh  reactive m odifier in cationic p h oto p o ly m eri­
zation because M o P n E , containing d o u b le  b o n d s as w ell 
as OFI grou p s, surely p lays the role o f m en tion ed  m o n o -  
fer.

CO N CLU SIO N S

O n  the basis o f ou r in vestigation s it w a s  d e m o n ­
strated that 1 -p rop en yl ethers are very  attractive m o d ifi­
ers for epoxide U V -cu red  coatings. The results of m eas­
urem ents sh o w  that M o P n E , DiPnEpure and  DiPnE[RU] 
m a y  im prove flexibility o f the U V -cu red  p olym er. M o re ­
over, the film s can be readily cured b y  a short U V  irra­

diation in the presence o f air and at roo m  tem perature.
From  the results o f investigations it has been also  

con clu ded  that m o n o -1 -p ro p en y l ethers containing both
1-propen yl and h yd ro x yl grou p s cou ld  be u sed  as novel 
class o f cationically activated p o ly m erizab le  m on om ers  
w ith  enhanced reactivity. T h ese potentially  inexpensive  
m o n om ers m a y  h ave m a n y  potential applications.
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