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Influence of the unsaturated benzophenone photoinitiators 
on shrinkage of acrylic pressure-sensitive adhesives

RAPID COMMUNICATION

S u m m a r y  —  This com m u nicate presents a n ew  class o f the unsaturated p h o 
toinitiators containing ben zop h en on e grou ps and their influence on  shrink
age o f acrylic pressure-sensitive adhesives (P SA ) coated on  p o ly v in y l chloride  
(P V C ) film . The m ain  em phasis is g iven  to the influence o f this n ew  class of 
co p o lym erizab le  photoinitiators on  shrinkage process o f acrylic P S A  after 
cross-linking w ith U V -la m p . M oreover, the influences o f variou s factors such  
as cross-linking tim e and  concentration o f cop olym erizable  photoinitiators on  
very  relevant P S A  properties such as viscosity, m olecular w eig h t and  shrink
age on P V C  film  w ere discussed .
K e y  w o r d s : unsaturated photoinitiators, U V -cross-lin k in g , pressure-sensitive  
adhesives, acrylates, shrinkage.

U V -in d u c e d  cross-linking is a rap id ly  w id en in g  tech
n o lo g y  in pressure-sensitive adhesives (P SA ) area d u e to 
its m ain  advan tages such as solven t free process, effi
cient and  econ om ical energy u sed and n ew  properties 
and qu ality  o f ch em ically  cross-linking b o n d in g  [1]. This 
cross-linking process fou n d  interesting application for 
p ro d u cin g  photoreactive P S A  system s w ith  high  per
form an ce u sed  in the coating o f P V C  surfaces.

The idea o f replacing the conventional tw o-part ther
m a lly  cross-lin ked  system s w ith  sin gle-com p on en t room  
tem perature U V -activated  P S A  becom e very  attractive 
for the indu stry  [2].

T h e  m o s t  im p o rta n t featu res o f th e c ro ss -lin k e d  
polyacrylate P S A , such as tack, adhesion , cohesion  and  
o f course sh rinkage can be controlled b y  the U V  dosage. 
C ross-lin k in g  o f P S A  w ith  ultraviolet light can be don e  
directly after the application. M ercury  lam p s (low , m e 
d iu m , h ig h  p ressu re) o f p o w e r  b etw een  80 and  120  
W /c m 2 are u sed . U V  stations include six and  m ore U V  
lam ps w ith  a p o w e r  120 to 250 W / c m 2.

N o rm a lly  polyacrylates absorb the entire light b elo w  
300 n m . In order to accom plish  acceptable cross-linking  
w ith  transparent P S A , on ly  U V  w avelen gth s above 300  
n m  are im portant. In general, en ergy 350— 410 k j /m o l  is 
required for stim u lation  o f ben zop h en o n e derivatives, 
w h ich  correspond to U V  w avelen gth  range about 300 to 
410 n m .

Increasing attention is g iven  to a n ew  class o f un satu 
rated co m p o ly m e riza b le  photoinitiators, their co p o ly 

m erization  w ith others acrylic m o n o m ers , and investiga
tion o f the properties (e.g., shrinkage) o f syn th esized  P SA  
containing these photoinitiators after U V  cross-linking

[3].
T h e cross-lin king m e ch an ism  o f U V  photoreactive  

acrylic P S A  containing ph otoreactive b en zop h en o n e d e 
rivatives has been  th orou gh ly  investigated [see reaction

D u rin g  U V  exposition  the interm olecular b en zo p h e
none derivatives, sh o w in g  H -accep tor structures, are ex
cited and react w ith  the n eigh bou rin g C -H  positions of 
p o ly m e r  s id e  ch ain s. U V  c r o ss -lin k a b le  acrylic P S A  
sh o w  excellent oxidation  resistance, w h ich  let w orkin g  
w ith ou t inert gas atm osphere [5].

T h e aim  o f present stu d y  w a s to investigate the influ 
ence o f the kind and  a m o u n t o f unsaturated ph otoinitia
tors based  on b en zo p h e n o n e  an d  U V  cured tim e on  
shrinkage o f acrylic P S A , as w e ll as their viscosities (m o 
lecular w eights).
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EXPERIMENTAL

Materials

2-E th ylh exyl acrylate (2 -E H A ), m eth yl acrylate (M A ), 
acrylic acid (A A ) , ethyl acetate (E A ) and  2 ,2 '-a zo -d iiso -  
b u ty r o n itr ile  (A I B N )  w e r e  p u r c h a se d  fr o m  T o k y o  
C h em ical In d u stry  C o . (Japan).

U n satu rated  b en zop h en o n es such as 4-acry loy loxy  
b en zop h en o n e (A B P ) (I), 4 -(2 -acry loyloxy -oxyeth yIen e) 
b e n z o p h e n o n e  (A E B P ) (II), 4 -(2 -a c ry lo y lo x y -o x y b u ty -

( I )

( 11)

( H I )

О

I ь с=  11C- C - O -  (Cl 12) ( о k l (IV)

lene) b en zop h en o n e (ABBP) (III) and  4 -(2 -acry lo y lo xy -  
-o xy h exy len e) b en zop h en o n e (A H B P ) (IV) are synth e
sized  b y  C h em itec G m b H  (G erm an y).

T h e viscosity  o f syn th esized  so lven t-b ased  P SA  w as  
m e a su r e d  w ith  v is c o m e te r  R M  1 8 0  R h e o m a t fro m  
R heom etric Scientific C om p an y . M o lecu lar  w e ig h t (M ,„) 
w a s  d e te rm in e d  u s in g  H P L C -s y s te m  w ith  Isocratic  
P u m p  &  D R I-D etector from  H P  C om p an y .

RESULTS A N D  DISCUSSION 

Viscosity and molecular weight

T h e influences of the concentration o f different copo- 
lym erizable  b en zop h en o n e  photoinitiators on  the v is
cosity and m olecu lar w eig h t o f the syn th esized  P SA  are 
illustrated in Fig. 1 and 2, respectively.

Fig. 1. Effect of photoinitiator kind and concentration on PSA 
viscosity; 1 —  ABP, 2 —  AEBP, 3 —  ABBP, 4 —  AHBP

Synthesis of PSA

T h e basic P SA  w as syn th esized  as a result o f A IB N  
(0 .1  w t. % )  in itiated  co p o ly m e riza tio n  o f 6 2 — 64.9°/)
2 -E H A , 3 0 %  M A , 5 %  A A  in the presence o f 0 .1— 3 %  
cop o lym erizab le  b en zop h en o n e photoinitiators [(I), (II),
(III) or (IV)] in E A . C op o lym eriza tio n  process carried out 
2 h ours at b oiling  tem perature o f the solven t [6]. This 
w a y  so lven t based P S A  w ere syn th esized  w ith solid  con 
tent 50 w t. % .

Curing

T h e  in v e s t ig a te d  p h o to r e a c tiv e  U V -c r o s s -lin k e d  
P S A s w ere cured w ith  ultraviolet light lam p (U  3 5 0 -M -I -  
-D L  fr o m  1ST C o m p a n y )  w ith  U V - A  w a v e le n g t h  
3 1 5 — 380 n m  a n d  at con stan t U V  d o se  100 m j /c m 2. 
C ross-lin k in g  carried o u t at room  tem perature. C urin g  
tim e d id  not exceed 180 s.

Assessment methods

Shrinkage presents the percentage change o f d im en 
sion s of the film  covered w ith U V -cross-lin kab le  P SA  
and attached to the glass after keepin g it 1 w eek  at tem 
perature o f 7 0 °C .

0.0 0.5 1.0 1,5 2.0 2.5 1.0
Pholoinilialor concentration. wt. %

Fig. 2. Effect of photoinitiator kind and concentration on PSA 
molecular weight M w; curves descriptiori as in Fig. 1

The fo llo w in g  conclusions can be inferred from  ex
perim ental results:

—  the increase in unsaturated b en zop h en o n e am ou n t  
corresponds w ith  the increase in P SA  viscosity,

—  the increase in unsaturated b en zo p h en o n e  am ou n t  
increases the m olecu lar w eigh t o f P SA ,

—  from  the investigated unsaturated b en zop h en on es  
the h igh est valu es o f P S A s viscosities and m olecu lar  
w eights w ere g iven  b y  ben zop h en o n es w ith shorter or
ganic chain (ABP, A E BP ).
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Shrinkage

T h e influ en ce o f the concentration o f different u n 
saturated b en zop h en o n e photoinitiators on  P S A  shrink
age, at the sa m e cross-lin king tim e (60 s), is sh o w n  in Fig. 
3. Figure 4  sh o w s the influence o f cross-linking tim e on

Photoinitiator concentration, wt. %

Fig. 3. Shrinkage dependence on photoinitiator kind and con
centration (cross-linking time 60 s); curves description as in 
Fig. 1, dotted line —  low shrinkage level

Fig. 4. Shrinkage dependence on cross-linking time (concen
tration of photoinitiator 1 wt. %); curves description as in Fig. 
1, dotted line —  low shrinkage level

shrinkage o f P S A  b y  the selected concentration o f u n 
saturated ben zop h en o n es (1 .0 w t. % ) . So w ith  the in

crease in photoinitiator concentration and  curing tim e, 
shrinkage at the begin n in g rap id ly  decreases and then  
stabilizers on the level far low er than initial one.

In general the u se o f unsaturated ben zop h en o n es as 
photoinitiators offers an interesting alternative to the 
other m eth od s o f redu cing the sh rinkage o f P S A  coated  
on P V C  film s. The best results w ith  respect to shrinkage  
are observed in the case o f ABP. For the sam p le  w ith  
about 0 .75 w t. %  o f A B P  the sh rinkage o f P S A  w as low er  
than 0 .5 %  and exactly sh rinkage < 0 .5 %  is a criterion re
quired b y  consignee o f syn th esized  P S A  w ith  high per
fo r m a n c e  for P V C  su rfa ce s . S im ila r ly  lo w  v a lu e  o f  
shrinkage is obtained in the case o f u sin g  1 w t. %  o f A B P  
for curing tim e 30 s.

CONCLUSIONS

From  the in v estig a ted  u n satu rated  b e n zo p h en o n e  
photoinitiators, the best results concerning the shrinkage  
w ere obtained for 4 -a cry lo y lo x y  ben zop h en o n e. U sin g  
o f this photoinitiator in the a m o u n t as lo w  as 0 .75 w t. %  
guarantees the satisfying v a lu e  o f sh rinkage reaching  
just for curing tim e 60 s. For the other photoinitiators  
u sed , higher concentrations o f them  are n eed ed  to reach 
sim ilarly  lo w  shrinkage valu e for curing tim e 60 s. H o w 
ever, for their concentrations equ al to 1 .0 w t. %  the pro 
lon gation  o f curing tim e u p  to 180 s is not sufficient to 
reach shrinkage v a lu e  < 0 .5 % .
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