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©  Proceaa  for  treating  a  substrate  with  a  radiation  curable  coating  composition. 

A  method  is  provided  for  treating  a  substrate  with  a 
radiation  curable  coating  composition  based  on  a  poly- 
ester  resin  esterified  with  acrylic  acid  or  methacrylic  acid 
and  having  a  hydroxyl  number  in  the  range  of  from  50  to 
250  and  an  ethylenic  insaturation  equivalent  weight  of 
from  200  to  10,000  grammes  and  on  a  polyisocyanate  that 
is  present  in  an  amount  of  0.7  to  1.3  equivalents  of  iso- 
cyanate  per  equivalent  of  hydroxyl  contained  in  the  com- 
position. 

The  curing  of  the  coating  composition  is  effected  in  a 
first  stage  by  subjecting  the  composition  to  ultraviolet 
radiation  having  a  wave  length  of  200  to  600  nm  and  in  a 
second  stage  by  reaction  between  the  isocyanate  groups 
of  the  polyisocyanate  and  the  hydroxyl  groups  of  the  poly- 
ester  resin. 



Process  for  t r ea t ing   a  subs t ra te   with a  radia t ion  curable  c o a t i n g  
composit ion.  

The  invention  re la tes   to  a  process  for  t r ea t ing   a  subst ra te   with  a 
radiat ion  curable  coating  composition  based  on  a  polyester   r e s i n  
e s t e r i f i e d   with  acryl ic   acid  and/or  methacrylic  acid,  a  vinyl  com- 
pound  and  a  p h o t o i n i t i a t o r ,   the  coating  composition  being  d r i e d  
under  the  influence  of  u l t r a v i o l e t   l ight   having  a  wave  length  o f  
200  to  600  nm. 
A  process  of  the  type  indicated  above  is  known  from  Britsh  P a t e n t  

Spec i f ica t ion   1  286  591,  in  which,  however,  the  coating  composit ion 
i s  sub jec t ed   to  ionizing  radiat ion  by  means  of  an  electron  beam  and 
the  presence  of  a  p h o t o i n i t i a t o r   is  not  r equ i r ed .  
When  the  ionizing  rad ia t ion   is  carr ied  out  with  the  aid  of  u l t r a -  
v io le t   l ight ,   the  man  sk i l led   in  the  art  with  usually  i n c o r p o r a t e  
a  p h o t o i n i t i a t o r   into  the  coating  composit ion.  

The  present  invention  has  for  i ts  object  to  provide  a  process  which 
is  t echnica l ly   feasible   with  the  aid  of  simple  devices.  According 
to  the  invention  use  may  further   be  made  of  a  so lvent - f ree   compo- 
s i t ion   which,  a f ter   having  been  applied  to  a  subs t ra te ,   will   be  dry  
to  the  touch  upon  being  exposed  to  a  few  minutes  radia t ion  with  a 
UV  lamp,  so  that  the  coated  subs t ra te   can  immediately  be  s u b j e c t e d  
to  fur ther   treatment.   In  spite  of  the  short  duration  of  the  exposure 



the  coating  layer  will  have  the  same  hardness  as  a f ter   being  baked.  

A  further   important  advantage  consis ts   in  that  the  coating  l a y e r  
combines  good  hardness  with  s a t i s f a c t o r y   f l e x i b i l i t y .  

The  process  according  to  the  invention  is  now  charac ter ized   in  t h a t  

the  polyes ter   resin  e s t e r i f i e d   with  (meth)acrylic  acid  has  a  hydroxyl  
number  in  the  range  of  50  to  250  and  an  ethylenic  u n s a t u r a t i o n  

equivalent  weight  in  the  range  of  200  to  10,000  grammes,  and  in  t h a t  

the  coating  composition  also  contains  a  polyisocyanate  in  an  amount 

of  0.7  to  1.3  equivalents   of  isocyanate  per  equivalent   of  hydroxyl  
contained  in  the  composit ion.  

It  should  be  added  that  from  Br i t i sh   Patent  Specif icat ion  1  493  134  a 

photopolymerisable  ink  or  varnish  is  known  which  is  based  on  a 

polyurethane  compound  free  of  an  isocyanate  group(s)  which  is  ob ta ined  

by  react ing  a  p a r t i c u l a r   di-  or  polyisocyanate  with  a  d i -or   p o l y -  
acrylate   having  at  least   one  free  hydroxyl  group.  Curing  the  p o l y -  
ure thane-conta ining  composition  exclusively  takes  place  by  means  o f  
u l t r a v i o l e t   l ight .   Moreover,  the  German  Patent  Application  P 26  08  835 
describes  the  curing  of  a  photopolymerisable  coating  composit ion 
based  on  the  reaction  product  of  an  e thy len ica l ly   u n s a t u r a t e d  

polyester   and  (meth)acrylic  acid  or  a  der iva t ive   thereof  by  means of  

a  pulse  beam  from,  for  instance,   a  xenon  pulse  lamp.  It  is  also  s t a t e d  
that  the  use  of,  for  instance,   a  high-pressure  UV-mercury  lamp  does 
not  lead  to  a  hard,  s c r a t c h - r e s i s t a n t   coating  f i l m .  

The  unmodified  polyester   resin  may  be  prepared  in  any  convenien t  

manner  and  is  general ly  bui l t   up  from  one  or  more  a l ipha t i c   and /o r  

cyc loa l ipha t i c   mono-,  di-  and/or  polyvalent   alcohols  and  one  or  more 
a l ipha t i c ,   cyc loa l ipha t ic   and/or  aromatic  divalent   or  p o l y v a l e n t  
carboxylic  acids  and,  opt ional ly ,   one  or  more  monovalent  ca rboxy l i c  
acids  and/or  es ters   t h e r e o f .  

As  examples  of  sui table   alcohols  may  be  mentioned  benzyl  a l c o h o l ,  
ethylene  glycol,  propylene  glycol,  neopentyl  g lycol ,   h e x a n e  d i o l ,  

dimethylolcyclohexane,  2 ,2-propane-bis(4-hydroxycyclohexane) ,   2 , 2 -  

bis(p-phenyleneoxyethanol)-propane,   diethylene  glycol,  g l y c e r o l ,  

t r imethylo l  e thane , t r imethylo lpropane ,   p en t ae ry th r i t o l   and /o r  



d i p e n t a e r y t h r i t o l . I n s t e a d   of  or  besides  the  alcohol  compound(s)  one 
or  more  epoxy  compounds  may  be  used,  for  instance  ethylene  oxide ,  

propylene  oxide,  epoxy  propanol  and  isodecanoic  glycidyl  e s t e r .  
As  examples  of  sui table   di-  or  polyvalent  carboxylic  acids  may  be 
mentioned  maleic  acid,  fumaric  acid,  i taconic  acid,  c i t raconic   ac id ,  
malonic  acid,  succinic  acid,  g lu ta r ic   acid,  adipic  acid,  a z e l a i c  

acid,  sebacic  acid,  t e t r ahydroph tha l i c   acid,  hexahydrophthalic  ac id ,  

phthal ic   acid,  d ichlorophthal ic   acid,  i sophthal ic   acid,  t e r e p h t h a l i c  
acid  and/or  t r i m e l l i t i c   acid.  The  carboxylic  acid  also  may  be  used  i n  

the  form  of  an  anhydride,  for  instance  maleic  anhydride  or  p h t h a l i c  
anhydride.  It  is  preferred  that  as  dicarboxylic   acid  phthal ic   a c id  
should  be  used.  Optionally,   the  polyester   resin  may  fur ther   con ta in  

monocarboxylic  acids  such  as  synthet ic   and/or  natural   fa t ty   a c id s  

having  4  to  36  carbon  atoms  or  esters   of  these  carboxylic  acids  and 

polyvalent  alcohols  such  as  glycerol .   As  examples  of  sui table   mono- 
carboxylic  acids  may  be  mentioned  fat ty  acid  precondensates  having  5 

to  10  carbon  atoms,  heptanoic  acid,  pelargonic  acid,  isonoanoic  a c i d ,  
lauric  acid,  s tear ic   acid,  oleic  acid,  l ino le ic   acid,  l inolenic   a c i d ,  
cerot ic   acid,  benzoic  acid  and/or  t e r t . bu ty lbenzo ic   acid.  The  f a t t y  
acid  content  of  the  polyester   resin  may  generally  be  in  the  range  o f  
0  to  60,  and  preferably   in  the  range  of  0  to  35  per  cent  by  weight ,  
based  on  the  polyester   resin.   It  is,  of  course,  also  possible  t o  

employ  mixtures  of  2  or  more  polyester   r e s i n s .  
The  hydroxyl  number  of  the  polyester   res in(s l   not  e s t e r i f i e d   wi th  

acryl ic   acid  and/or  methacrylic  acid  is  general ly  in  the  range  o f  
55  to  550,  and  preferably   in  the  range  of  100  to  400. 

The  polyester   resin  may  be  prepared  in  any  convenient  manner,  f o r  
instance  by  the  so-cal led  melting  process  in  which react ion  of  t h e  

components  takes  place  with  evaporation  of  the  water  evolved  i n  
the  react ion.   If  desired,  however,  use  may  be  made  of  the  s o l v e n t  

process,  in  which  the  water  is  removed  azeo t rop ica l ly   with  the  a id  

of,  for  instance,   an  organic  solvent  such  as  toluene  or  xylene  and 

generally  the  vo la t i l e   cons t i tuents   are  to  the  desired  extent  removed 
in  vacuo. 
E s t e r i f i c a t i o n   of  the  polyester   containing  hydroxyl  groups  may  be 
effected  in  some  convenient  manner.  Usually  f i r s t   of  all  a  p o l y e s t e r  



resin  is  prepared  which  has  such  a  high  hydroxyl  number,  f o r  
instance  a  hydroxyl  number  in  the  range  of  55  to  550,  that  a f t e r  
e s t e r i f i c a t i o n   the  modified  polyester   resin  has  the  desired  hydroxyl  
number  in  the  range  of  50  to  250.  E s t e r i f i c a t i o n   can  be  effected  i n  

an  organic  solvent,  for  instance  toluene  or  xylene,  use  being  made 

of  an  e s t e r i f i c a t i o n   ca ta lys t ,   for  instance  p-toluene  sulphonic  a c i d ,  

naphthalene  sulphonic  acid  and sulphuric   a c i d .  

If  desired,   however,  the  polyester- forming  components  together   wi th  

acryl ic   acid  and/or  methacrylic  acid  may  be  subjected  to  polyconden-  
sation,  so  that  the  preparat ion  of  the  modified  polyes ter   resin  can 
be  effected  in  one  s t e p .  

According  to  the  invention  the  m o d i f i e d p o l y e s t e r   resin  has  an 
ethylenic  unsaturat ion  equivalent   weight  in  the  range  of  200  t o  

10,000  grammes,  and  preferably  in  the  range  of  250  to  3,500  grammes. 
By  ethylenic  unsaturat ion  equivalent   weight  of  the  polyes ter   is  t o  

be  understood  here  the  number  of  grammes  of  polyes ter   cor responding  
to  1  equivalent  of  the  e thy len ica l ly   unsaturated  groups  in  t h e  

polyester .   It  is  preferred  that  this  unsaturat ion  should  for  35  t o .  

100%,  and  preferably   for  45  to  100%,  be  caused  by  the  presence  of  t h e  

acryl ic   acid  and/or  methacrylic  acid  groups.  

The  radia t ion  curable  coating  composition  general ly  also  c o n t a i n s  

one  or  more  vinyl  compounds  for  instance  in  amounts  of  5  to  1900, 
and  preferab ly   of  25  to  900  parts   by  weight  per  100  parts   by  weight  
of  the  modified  polyeater   resin.   As  examples  of  su i table   v i n y l  
compounds  may  be  mentioned  styrene,  divinyl  benzene,  d i a l l y l p h t h a l a t e  
and  acryl ic   or  methacrylic  (hydroxyl  es ters   of  alcohols  having  1  t o  
12  carbon  atoms,  such. as  methanol,  ethanol,  butanol,  ethylene  g l y c o l ,  
propylene  glycol,  neopentyl  glycol,  butane  diol,   hexane  d i o l ,  

polyethylene  glycol,  glycerol ,   t r imethylol   ethane,  t r imethylo l   propane 
a n d  p e n t a e r y t h r i t o l .  

The  rad ia t ion   curable  coating  composition  further   contains one  o r  
more  p h o t o i n i t i a t o r s   in  a  usual  amount  of  0.1  to  10%  by  we igh t ,  
based  on  the  modified  polyester   resin  and  the  vinyl  compound(sl. 
As  examples  of  sui table   p h o t o i n i t i a t i o r s   may  be  mentioned  a romat ic  



carbonyl  compounds  such  as benzoin and  ethers  thereof,   such  as  t he  

methyl  ether,   the  ethyl  ether,   the  propyl  ether  and  the  t e r t . b u t y l  
ether,   benzil ,   benz i ld imethylke ta l ,   acetophenone,  subs t i tu ted   a ce to -  

phenones  such  as  diethoxyacetophenone,  benzophenone,  s u b s t i t u t e d  

benzophenones,  Michler 's   ketone  and  chlorothioxanthone.   It  i s  

prefer red   that  use  should  be  made  of  benz i ld imethylke ta l .   Op t iona l ly ,  
coloured  compounds  such  as  aromatic  azo  compounds  may  be  employed. 

According  to  the  invention  the  coating  composition  s t i l l   c o n t a i n s  

one  or  more  polyisocyanates ,   by  which  are  to  be  understood  he re  

compounds  having  at  least   2  and  not  more  than  10,  and  p r e f e r a b l y  
2  or  3  isocyanate  groups  per  molecule.  The  polyisocyanate  may  be  o f  

a l i pha t i c ,   cyc loa l ipha t i c   or  aromatic  nature  and  general ly  con t a in s  
6  to  100  carbon  atoms  and  preferably   20  to  50  carbon  atoms.  As 

examples  of  su i table   ( a r ) a l i pha t i c   or  cyc loa l ipha t ic   d i i s o c y a n a t e s  

may  be  mentioned  tetramethylene  di isocyanate ,   hexamethylene  d i i s o -  

cyanate,  ω ,ω ' -d ip rony le the  d i i socyana t e ,   thiodipropyl   d i i s o c y a n a t e ,  
cyc lohexy l -1 ,4 -d i i socyana te ,   isophoron  d i isocyanate ,   d icyc lohexyl  
methane-4 ,4 ' -d i i socyana te ,   dicyclohexyldimethyl  m e t h a n e - 4 , 4 ' - d i i s o -  

cyanate,  xylylene  di isocyanate ,   1,5-dimethyl  (2 ,4 -w-d i i socyana to-  
methyl)benzene,  1 ,5 -d imethyl - (2 ,4-w-d i i socyana toe thy l lbenzene ,   1 , 3 , 5 -  
t r imethyl - (2 ,4-w-di i socyanatomethyl lbenzene   and  1 , 3 , 5 - t r i e t h y l - ( 2 , 4 -  

w-diisocyanatomethyl)benzene.  As  examples  of  sui table   aromatic  

di isocyanates   may  be  mentioned  toluene  d i isocyanate ,   diphenylmethane- 
4 , 4 ' - d i i s o c y a n a t e ,   naphthalene  di isocyanate ,   3 , 3 ' - b i s t o l u e n e  

di isocyanate  and  5 ,5 ' -d ime thy ld ipheny lmethane-4 ,4 ' -d i i socyana te .   As 

examples  of  sui table   t r i i socyana t e s   may  be  mentioned  the  adduct  o f  
3  molecules  of  hexamethylene  di isocyanate  and  1  molecule  of  wa te r  
(marketed  by  Bayer  under  the  trade  name  Desmodur  N),  the  adduct  of  1 
molecule  of  t r imethylol   propane  and  3  molecules  of  t o luene  

di isocyanate  (marketed  by  Bayer  under  the  trade  name  Desmodur  Ll 
and  the  adducts  of  1  molecule  of  t r imethylol   propane  or  1  molecule 
of  water  and  3  molecules  of  isophoron  di isocyanate .   As  an  example 
of  a  su i tab le   t e t ra i socyana te   may  be  mentioned  the  adduct  of  1 
molecule  of  p e n t a e r y t h r i t o l   and  4  molecules  of  hexamethylene 
di isocyanate .   Use  also  may  be  made  of  mixtures  of  two  or  more  of  t he  
above -  envisaged  polyisocyanates .   More  p a r t i c u l a r l y ,   use  may  be  made 



of  the  adducts  based  on  hexamethylene  d i i socyanate ,   toluene  d i i s o -  

cyanate  or  isophoron  d i i s o c y a n a t e .  

According  to  the  invention  the  polyisocyanate  is  present  in  t h e  

radiat ion  curable  composition  in  such  an  amount  that  per  e q u i v a l e n t  
of  hydroxyl  not  more  than  1.3  equivalents   of  isocyanate  are  a v a i l a b l e  

in  the  composition.  As  a  r u l e , ' p e r   equivalent   of  hydroxyl  at  l e a s t  
0.7  equivalents  of  isocyanate  should  be  ava i lab le .   It  is  p r e f e r r e d  
that  per  equivalent  of  hydroxyl  0.9  to  1 .1   equivalents   o f  

isocyanate  should  be  a v a i l a b l e .  

The  coating  compositon  may,  if  desired,   s t i l l   contain  other  a d d i t i v e s ,  
for  instance:   pigment  d ispers ing  agents,   l eve l l ing   agents,  f i l l e r s ,  
colourants ,   solvents ,   polymerization  i nh ib i to r s   such  as a  quinone  o r  
a  hydroquinone  or  alkyl  ether  thereof ,   p . t e r t . - b u t y l   c a t e c h o l ,  

phenothiazine  and  copper,  acce le ra tors   for  the  UV-curing  step,  f o r  
instance  t e r t i a r y   amines  such  as  t r ie thanolamine  and  N-methyld ie thanol -  
amine  and  ca ta lys t s   for  acce lera t ing   the  react ion  between  t h e  

polyester   and  the  polyisocyanate  a f ter   the  composition  has  been 

applied  to  the  desired  s u b s t r a t e .  

Application  of  the  coating  composition  to  the  subst ra te   may  be 
carried  out  in  any  convenient  manner,  for  instance  by  c a l e n d e r i n g ,  
ro l l ing ,   spraying,  brushing,  spr inkl ing,   f low coat ing,   d ipp ing ,  
e l e c t r o s t a t i c   spraying  or  by  some  pr in t ing   process  such  as  o f f s e t  

pr in t ing .   It  is  prefer red   that  the  composition  sbould  be  applied  by 

ro l l ing ,   spraying,  flow  coating  o r  o f f s e t   p r i n t i n g .  

The  coating  composition  may  with  advantage  be  applied  to  a  s u b s t r a t e  
of  a  synthet ic   material   such  as  polyvinyl  chlor ide,   p o l y s t y r e n e ,  
polyester   and  to  metal  subs t ra tes ,   for  instance  as  automobile  p a i n t  
or  automobile  repair   paint ,   and  as  coil  coating  or  can  coating.  The 

composition  may  fur ther   be  applied  as  lacquer  to,  for  i n s t a n c e ,  
timber  and  plywood,  wood-like  mater ia ls   such  as  chipboard,  ha rdboard ,  
softboard  and  veneered  core  board;  and  to  cardboard  and  pape r .  

According  to  the  invention  hardening  of  the  rad ia t ion   cu rab le  

coating  composition  is  effected  i n   s t ages . In   the  f i r s t   stage  t he  



composition,  af ter   it  has  been  applied  to  a  pa r t i cu l a r   s u b s t r a t e ,  
is  subjected  to  u l t r a v i o l e t   radia t ion   having  a  wave  length  o f  

200  to  600  nm,  and  preferably  of  300  to  400  n-m.  As  UV-radiat ion 

source  there  may  serve,  for  instance,   a  mercury  or  xenon  lamp, 
which  works  at  high,  medium  or  low  pressure.   Lamps  that  are  commonly 
used  are  those  of  the  Hannovia  and  HOK  types,  having  a  r a d i a n t  

energy  of  BOW/cm  and  HTQ  lamps  with  a  radiant   energy  of  29W/cm. 
If  desired,  also  lamps  of  a  lower  or  higher  energy  may  be  employed, 
such  as  lamps  having  an  energy  of,  for  instance,   20W/cm  or  of  200W/cm 

or  250W/cm.  The  composition  needs  to  be  exposed  to  u l t r a v i o l e t  
radia t ion  only  for  a  f rac t ion  of  a  second  up  to  a  few  seconds  i n  
order  to  ensure  such  drying  that  the  coating  layer  is  t ack- f ree   and 

already  displays  some  degree  of  hardness.  In  the  second  curing  s t a g e  
the  coating  layer  is  given  i ts   f inal  hardness  as  a  resul t   of  t h e  

progressing  reaction  between  the  isocyanate  groups  of  the  p o l y -  

isocyanate (s) and  the  hydroxyl  groups  of  the  polyester   resin  and  the  

vinyl  compound(sl,  provided  that  i t ( they)   contain(s)  a  hydroxyl  group.  
The  second  curing  step  may  take  place  at  a  temperature  in  the  range 
of,  say,  130°  to  200°C  over  a  period  of  5  to  10  minutes.  It  is  a l s o  

poss ible ,   however,  for  this   curing  to  take  place  over  a  period  o f  

several  days  at  ambient  temperature.  It  is  found  that   a f te r   t h e  

coating  has  been  cured  for  seven  days  at  ambient  temperature,  t h e  

coating  layer  generally  has  about  the  same  hardness  as  a f te r   a  cu r ing  
treatment  of  10  minutes  at  160°C.  Carrying  out  the  second  cu r ing  

step  at  room  temperature  offers   the  considerable  advantage  that  i t  
does  not  require  any  energy  nor  any  capi ta l   expend i tu re .  

The  invention  will  be  further   described  in  the  following  examples 
which are  not  to  be  considered  to  l imit  the  scope  of  the  p r e s e n t  
invention.  In  them  the  hardness  is  determined  in  accordance  w i th  

Köning  (DIN  531571  and  is  expressed  in  seconds.  The  f l e x i b i l i t y   i s  
determined  in  accordance  with  Erichsen  (DIN  53156)  and  is  expressed  
in  mm. 

Preparat ion  of  (meth)acrylated  p o l y e s t e r s  

Examples  A -  G 

In  a  reactor  provided  with  a  s t i r r e r ,   a  d i s t i l l a t i o n   column,  a  



water  ou t le t ,   a  thermometer  and  a  gas  in le t   tube  there  were  f i r s t  

of  all   prepared  the  non-modified  polyes ters   by  polycondensation  o f  
the  compounds  in  the  amounts  mentioned  in  Table  1.  The  p o l y -  
condensation  mixture  moreover  contained  toluene  in  an  amount  of  5% 

by  weight,  based  on  the  polycondensation  mixture.  The  po lycondensa t ion  

was  carr ied  out  over  a  period  of  5-10  hours  at  a  temperature  o f  
200°-230°C,  the  water  evolved  in  the  react ion  being  removed  azeo-  

t rop i ca l ly   unt i l   an  acid  number  of  20  was  reached.  The  hydroxyl  
numbers  and  the  number  average  molecular  weights  of  the  unmodified 

polyes ters   obtained  are  l i s t ed   in  Table  1.  After  the  polyes ter   had 

been  cooled.to  80°C,  it  was  d i luted  with  toluene  to  an  80%  by 
weight  s o l u t i o n .  

In  a  second  stage  the  polyes ters   obtained  were  e s t e r i f i e d   w i t h  
1.1-5.9  moles  of  acryl ic   acid  per  mole  o f -po lyes te r   at  a  t empera ture  
of  100°-130°C  in  the  presence  of  4  mmoles  of  p-toluene  su lphonic  
acid  per  mole  of  acryl ic   acid  and  hydroquinone  in  an  amount  of  0.2% 

by  weight,  based  on  the  to ta l   react ion  mixture.  Upon  t e r m i n a t i o n  
of  the  e s t e r i f i c a t i o n   0.18  grammes  of  l i thium  carbonate  per  mole  o f  

o r ig ina l ly   present  acryl ic   acid  were  added  and  the  toluene  and  t h e  

excess  acryl ic   acid  were  removed  by  d i s t i l l a t i o n   in  vacuo.  The 

hydroxyl  numbers  and  the  number  average  moleculare  weights  of  t h e  

modified  polyes ters   obtained  are  given  in  Table  1.  The  acryl ic   a c i d  

content  (in  molesl  of  the  polyesters   is  also  given  in  Table  1. 



Examples  I-XIV 
The  coating  compositions  according  to  the  invention  were  p repared  
by  admixing  the  compounds  given  in  Table  2  in  the  amounts  mentioned, 
in  addit ion  to  4  parts  by  weight  of  benzi ld imethylketa l   as  
p h o t o i n i t i a t o r .  



The  vinyl  monomer  used  in  the  examples  I-VII  and  X-XIV  was 

polyethylene  glycol  d i ac ry la t e ,   the  glycol  having  a  number  average  
molecular  weight  of  200;  in  Example  VIII  hydroxyethyl  acryla te   was 
used  and  in  Example  IX  a  mixture  of  d i a l l y l   succinate  (25%),  d i a l l y l  

g lu ta ra te   (50%)  and  d i a l ly l   adipate  (25%). 
The  polyisocyanate  used  in  the  Examples  I-X  was  the  adduct  of  3 
molecules  of  hexamethylene  di isocyanate  and  1  molecule  of  wa t e r .  
In  the  Examples  XI-XIV  there  were  respec t ive ly   used  the  adduct  of  1 
molecule  of  t r imethylo l   propane  and  m o l e c u l e s   of  toluene  d i i s o -  

cyanate;  isophoron  di isocyanate;   the  adduct  of  3  molecules  o f  

isophoron  di isocyanate  and  1  molecule  of  water,  and  f ina l ly   t h e  
adduct  of  3  molecules  of  isophoron  di isocyanate  and  1  molecule  o f  
t r imethylol   propane.  The  polyisocyanates  in  the  Examples  I-X  were 
used  as  a 75%  by  weight  solution  in-a  mixture  of  equal  par ts   by 

weight  of  e thylglycol   acetate  and  xylene,  the  one  in  Examgle  XI  as  a  
75%  by  weight  solution  in  ethyl  ace ta te ,   and  the  one  in  Example  XIII  

as  a  70%  by  weight  solution  in  a  mixture  of  equal  parts   by  weight  o f  

e thylglycol   acetate  and  toluene,  whereas  in  the  Examples  XII  and 



XIV  the  polyisocyanate  was  used  as  such.  

The  r e su l t ing   coating  compositions  were  applied  to  t i n p l a t e  
and  glass,   respec t ive ly ,   to  a  layer  thickness  (measured  in  t h e  

wet  state)  of  10  µm  in  Example  I  and  of  60  µm  in  the  o t h e r  

examples.  The  coating  layers  were  then  exposed  to  r a d i a t i o n  
with  a  UV  lamp  of  the  HOK  5  type  manufactured  by  Philips)  over  
the  periods  given  in  Table  2  (in  seconds) .  

After  radia t ion   with  the  u l t r a v i o l e t   l ight   the  coated  s u b s t r a t e s  

were  le f t   at  a  temperature  of  20°C  over  the  periods  mentioned  i n  

Table  3,  af ter   which  the  hardness  values  were  measured.  The 

f l e x i b i l i t y   was  determined  af ter   the  samples  had  been  kept  a t  
20°C  for  7  days  af ter   r a d i a t i o n .  

Furthermore,  some  other  part  of  the  coating  layers  were  baked 
for  10  minutes  at  a  temperature  of  160°C  to  find  out  whether 
the  r esu l t ing   hardness  deviated  considerably  from  the  hardness  
obtained  af ter   about  3  weeks  at  20°C.  This  was  found  not  to  be 
the  case .  



Comparitive  Examples  XV  and  XVI 

For  comparison  Example  II  was  repeated,  with  the  exception  however 

that  e i ther   the  p h o t o i n i t i a t o r   was  l e f t   out  and  the  coated  o b j e c t  

was  not  exposed  to  rad ia t ion   (Example  XV)  or  the  po ly i socyana te  
was  l e f t   out  and  the  coated  object  was  radia ted  for  1.5  seconds 

(Example  XVI). 
Of  the  r esu l t ing   coating  layers  the  values  of  various  p r o p e r t i e s  

were  measured  and  mentioned  in  Table  4. 



1.  A  process  for  t r ea t ing   a  subst ra te   with  a  rad ia t ion   cu r ab l e  

coating  composition  based  on  a  polyester   resin  e s t e r i f i e d   wi th  

acryl ic   acid  and/or  methacrylic  acid,  a  vinyl  compound  and  a 

p h o t o i n i t i a t o r ,   the  coating  composition  being  dried  under  t h e  

influence  of  u l t r a v i o l e t   l ight   having  a  wave  length  of  200  t o  
600  hm,  character ized  in  that  the  polyester   resin  e s t e r i f i e d  
with  (meth)acrylic  acid  has  a  hydroxyl  number  in  the  range  o f  
50  to  250  and  an  ethylenic  unsaturat ion  equivalent  weight  i n  

the  range  of  200  to  10,000  grammes,  and  in  that  the  c o a t i n g  

composition  also  contains  a  polyisocyanate  in  an  amount  o f  
0.7  to  1.3  equivalents  of  i socyanate  per   equivalent  o f  

hydroxyl  contained  in  the  composit ion.  

2.  A  process  according  to  claim  1,  character ized  in  that  t h e  

polyester   resin  has  an  ethylenic  unsaturat ion  e q u i v a l e n t  
weight  of  250  to  3500  grammes. 

3.  A  process  according  to  claim  1,  character ized  in  that  t h e  
unsatura t ion  of  the  polyester   resin  is  for  35  to  100%  caused 

by  the  presence  of  acryl ic   acid  and/or  methacrylic  acid  groups.  

4.  A  process  according  to  claim  1,  cha rac t e r i zed , i n   that  the  po ly -  
isocyanate  is  present  in  an  amount  of  0.9  to  1.1  e q u i v a l e n t s  

per  equivalent  of  hydroxyl .  

5.  A  process  according  to  claim  1,  character ized  in  that  the  p o l y -  
isocyanate  has  2  or  3  isocyanate  groups  per  molecule.  

6.  A  process  according  to  claim  1,  character ized  in  that  the  p o l y -  

isocyanate  used  is  an  adduct  based  on  hexamethylene  d i i s o c y a n a t e ,  
toluene  di isocyanate  or  isophoron  d i i s o c y a n a t e .  
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