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»*j  improvements  in  ink  drying  apparatus. 
§)  The  invention  relates  to  improvements  in  ink  drying 
ipparatus  of  the  type  in  which  a  conveyor  belt  (1)  on  which  a •rimed  substrate  may  be  placed  passes  beneath  an  infra  red 
adiation  emitting  surface  (3)  to  convey  the  substrate  from 
»ne  end  of  the  radiation  emitting  surface  (3)  to  the  opposite 
ind  of  the  radiation  emitting  surface  (3)  in  which  the  radiation 
mining  surface  (3)  comprises  a  plurality  of  discrete  radiation 
inits. 

In  a  first  aspect  of  the  invention  which  is  applicable  with 
articular  advantage  to  drying  plasticised  inks,  the  radiation 
mining  surface  (3)  is  arranged  such  that,  said  one  end  of  the 
adiation  emitting  surface  (3)  there  is  situated  a  bank  (7)  of 
adiation  units  (4)  arranged  contiguously,  the  number  of  rad- 
rtion  units  in  the  bsnk  (7)  being  sufficient  to  heat  the  printed 
ik,  but  to  a  temperature  above  its  triggering  temperature,  and 
djacent  the  bank  (7)  in  a  direction  from  said  one  end  to  the 
ther  a  gap  (8)  of  a  length  sufficient  to  allow  the  rate  of  tem- 
erature  rise  to  be  slowed  down,  and  adjacent  said  gap  (8) 
jrther  radiation  units  (9)  to  maintain  the  temperature  of  the 
lk  and  substrate. 

A  second  aspect  of  the  invention  is  applicable  equally  to 
rater-based  inks  and  white  spirit  emulsion-based  inks  and 
rith  this  apparatus  the  radiation  emitting  surface  includes  at 
Bid  one  end  a  first  radiation  zone  (4A)  comprising  at  least  one idiation  unit  arranged  to  emit  infra  red  radiation  predomi- 

nantly  with  a  wavelength  of  less  than  3.5  (im  and  in  the  peak absorption  range  of  the  substrate,  and  a  second  radiation rone  <4B)  spaced  from  the  first  radiation  zone  (4A>  in  a  direc- ion  from  said  one  end  to  the  other  end,  the  second  radiation :one  (4B)  including  at  least  two  discrete  radiation  units  (10 md  1  1  )  separated  by  a  gap  (12)  each  unit  within  said  second one  (4B>  being  arranged  to  emit  infra  red  radiation  predomi- lantly  of  a  wavelength  greater  than  3.5  urn  and  within  the »ak  absorption  range  of  the  ink. 
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i m p r o v e m e n t s   in  ink  d r y i n g   a p p a r a t u s  

Field  of  the  I n v e n t i o n  

The  i n v e n t i o n   r e l a t e s   to  i m p r o v e m e n t s   in  ink  d ry ing   a p p a r a t u s  

and  in  p a r t i c u l a r   to  a p p a r a t u s   where  a  s u b s t r a t e   p r i n t e d   w i t h  

ink  t r a v e l s   on  a  conveyor   belt  past  a  heat ing  surface   w h i c h  

emits  infra   red  r a d i a t i o n   to  cure  and  dry  the  i n k .  

One  example   of  such  a p p a r a t u s   is  d e s c r i b e d   in  p u b l i s h e d   UK 

Patent   A p p l i c a t i o n   No  2  141  072.  The  a p p a r a t u s   d e s c r i b e d   t h e r e -  

in  was  des igned   s p e c i f i c a l l y   for  d ry ing   p r i n t e d   ink  on  a  w o v e n  

fabr ic   a l though   it  is  a p p l i c a b l e   e q u a l l y   to  d ry ing   p r i n t e d  

ink  on  other   forms  of  s u b s t r a t e .   The  infra   red  emi t t e r s   a d v a n t -  

ageous ly   are  ceramic  r a d i a t i o n   e l emen t s .   The  i n v e n t i o n ,   w i l l  

be  d e s c r i b e d   with  p a r t i c u l a r   r e f e r e n c e   to  the  a p p a r a t u s   d e s c r i b -  

ed  in  UK  Patent   App l i ca t ion   No  2  141  072  but  is  a p p l i c a b l e  

e q u a l l y   to  any  a p p a r a t u s   in  which  an  object   compr i s ing   a 

s u b s t r a t e   p r i n t e d   with  ink  to  be  cured   is  past  in  the  p a t h  

of  an  infra   red  emi t t ing   sur face   compr i s ing   a  se r ies   of  d i s c r e t e  

infra  red  r a d i a t i o n   u n i t s .  

In  the  fo l lowing  s p e c i f i c a t i o n   the  conveyer   will  be  d e s c r i b e d  

as  t r a v e l l i n g   benea th   the  infra  red  emi t t ing   su r face .   T h i s  

will  be  taken  to  mean  that  the  conveyor   runs   pa ra l l e l   to  t h e  

sur face   and  b r i ngs   the  object   into  a  pos i t ion   where  its  p r i n t e d  

sur face   lies  in  the  path  of  the  infra  red  r a d i a t i o n   e m i t t e d  

by  the  su r f ace .   In  many  cases  the  conveyor   will  be,  in  f a c t ,  



-  2  -  
0 2 1   3 8 5 5  

v e r t i c a l l y   benea th   the  emi t t ing   s u r f a c e .  

As  an  objec t   p r i n t e d   with  ink  (the  s u b s t r a t e )   is  moved  a l o n g  
the  conveyo r   belt   from  one  end  of  the  inf ra   red  emi t t ing   s u r -  
face  to  the  o t h e r ,   the  t e m p e r a t u r e   of  the  ink  r i ses   e x p o n e n t -  
ia l ly   un t i l   it  has  r e a c h e d   a  given  d r y i n g   t e m p e r a t u r e   w h e r e -  

upon  the  r e q u i r e d   p h y s i c a l / c h e m i c a l   r e a c t i o n s   s tar t   to  o c c u r .  
The  t e m p e r a t u r e   will  be  r e f e r r e d   to  as  the  " t r i g g e r i n g   t e m p e r -  
a t u r e " .   It  will  be  u n d e r s t o o d   that   the  t r i g g e r i n g   t e m p e r a t u r e  
for  each  d i f f e r e n t   type  of  ink  will  be  d i f f e r e n t .  

In  o rder   for  the  d ry ing   and  cu r ing   of  the  ink  to  c o n t i n u e ,  
the  object   at  this   point   must  s t i l l   pass  benea th   more  u n i t s  
of  the  inf ra   red  emi t t ing   s u r f a c e ,   and  so  the  t e m p e r a t u r e  
of  the  ink  will  c o n t i n u e   to  r i s e .   Apart   from  the  fact  t h a t  
th is   t e m p e r a t u r e   r i se   is  not  n e c e s s a r y   and,   t h e r e f o r e   w a s t e s  

power ,   in  many  cases  this   can  be  d e l e t e r i o u s   to  the  ink  a n d /  
or  the  s u b s t r a t e .  

It  has  been  found  that   the  peak  a b s o r p t i o n   of  a  s u b s t r a t e  
which  is  a  t ex t i l e   is  in  the  range  of  0.5  -  3  pm  r a d i a t i o n .  
The  peak  a b s o r p t i o n   point   in  the  inf ra   red  spec t rum  for  mos t  
inks   w h e t h e r   water   based  or  p l a s t i c i s e d   lies  in  the  r a n g e  
4 - 5   jam.  Thus  in  the  a p p a r a t u s   of  the  type  d e s c r i b e d   i n  

p u b l i s h e d   UK  Pa ten t   A p p l i c a t i o n   No  2  141  072  the  infra   r e d  
e m i t t e r s   are  a r r a n g e d   to  emit  t he i r   infra   red  r a d i a t i o n   i n  
the  peak  a b s o r p t i o n   range  of  the  inks   and  not  the  s u b s t r a t e s .  
However  even  us ing  this   system  the  p r i n t e d   s u b s t r a t e  
s t i l l   has  to  be  hea ted   and  the  t e m p e r a t u r e   r i se   i s  
s t i l l   damaging  to  the  s u b s t r a t e   t h e r e f o r e   s c o r c h i n g ,   c h a r r i n g  
or  s h r i n k a g e   of  the  s u b s t r a t e   can  o c c u r .  

The  object   of  both  a spec t s   of  the  i n v e n t i o n   is  to  p r o v i d e  
improved   ink  d r y i n g   a p p a r a t u s   to  try  to  r educe   the  r i sk   of 
s u b s t r a t e   a n d / o r   ink  d e g r a d a t i o n .  
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Summary  of  the  I n v e n t i o n  

Accord ing   to  a  f i r s t   aspec t   of  the  i n v e n t i o n   there   is  p r o v i d e d  
an  ink  d ry ing   a p p a r a t u s   for  d ry ing   ink  p r i n t e d   on  a  s u b s t r a t e ,  

c o m p r i s i n g   a  conveyo r   belt   on  which  the  p r i n t e d   s u b s t r a t e  

may  be  p l aced ,   the  conveyor   belt   pass ing   benea th   an  i n f r a  
red  r a d i a t i o n   emi t t ing   su r face   to  convey  the  s u b s t r a t e   f r o m  

one  end  of  the  r a d i a t i o n   emi t t ing   surface   to  the  oppos i t e   e n d  
of  the  r a d i a t i o n   emi t t ing   s u r f a c e ,   the  r a d i a t i o n   emi t t ing   s u r f a c e  

c o m p r i s i n g   a  p l u r a l i t y   of  d i s c r e t e   r a d i a t i o n   un i t s ,   the  i n k  

d ry ing   a p p a r a t u s   being  c h a r a c t e r i s e d   in  tha t ,   the  r a d i a t i o n  

emi t t ing   sur face   is  a r r a n g e d   such  that ,   at  said  one  end  of 
the  r a d i a t i o n   emi t t ing   su r face   there   is  s i t u a t e d   a  bank  of 
r a d i a t i o n   uni ts   a r r a n g e d   c o n t i g u o u s l y ,   the  number   of  r a d i a t i o n  

uni t s   in  the  bank  being  s u f f i c i e n t   to  heat  the  p r i n t e d   i n k  
to  a  t e m p e r a t u r e   above  its  t r i g g e r i n g   t e m p e r a t u r e ,   and  a d j a c e n t  
the  bank  in  the  d i r e c t i o n   from  said  one  end  to  the  o t h e r ,  
a  gap  of  a  length  s u f f i c i e n t   to  allow  the  rate  of  t e m p e r a t u r e  
r ise  to  be  slowed  down,  and  a d j a c e n t   said  gap  a  f u r t h e r   r a d -  
iat ion  unit   to  ma in ta in   the  t e m p e r a t u r e   of  the  ink  and  s u b -  

s t ra te   . 

It  is  p r e f e r r e d   that  a d j a c e n t   the  f u r t h e r   r a d i a t i o n   unit  t h e r e  
is  at  least   a  second  f u r t h e r   r a d i a t i o n   unit   spaced  from  i t s  

ad j acen t   unit  by  a  f u r t h e r   gap.  When  the  s u b s t r a t e   p a s s e s  
benea th   a  gap  be tween  r a d i a t i o n   u n i t s ,   there   is  no  ex t ra   r a d -  
ia t ion  being  emi t ted   to  the  ink  but  there  is  a  r e s i d u a l   e f f e c t  

on  the  ink  and  its  t e m p e r a t u r e   c o n t i n u e s   to  r i s e ,   a lbe i t   a t  

a  much  slower  rate  than  du r ing   its  passage  benea th   the  b a n k  
of  r a d i a t i o n   un i t s .   When  the  s u b s t r a t e   then  passes   t h r o u g h  

a  f u r t h e r   d i s c r e t e   r a d i a t i o n   un i t ,   the  t e m p e r a t u r e   of  the  i n k  
is  p r e v e n t e d   from  fa l l ing   again  to  below  its  t r i g g e r i n g   t e m p e r -  
a ture   and  so  air  and  d ry ing   of  the  ink  c o n t i n u e s .  

Thus  the  ink  d ry ing   a p p a r a t u s   can  work  at  a  g rea te r   e f f i c i e n c y  
since  to  work  the  conveyor   at  the  same  speed  th rough   t h e  

a p p a r a t u s ,   fewer  r a d i a t i o n   uni ts   than  h i t h e r t o   are  r e q u i r e d .  
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impux  t i i i t iy   ,  a u n o u g n   tne  t e m p e r a t u r e   of  the  ink  h a s  
been  kept  above  its  t r i g g e r i n g   t e m p e r a t u r e ,   its  e x p o n e n t i a l  
r i se   in  t e m p e r a t u r e   is  i n t e r r u p t e d   and  the  h ighes t   t e m p e r a t u r e  
r e a c h e d   by  the  ink  in  the  a p p a r a t u s   is  c o n s i d e r a b l y   r e d u c e d .  
Thus  the  danger   of  heat  d e g r a d a t i o n   of  the  ink  or  the  s u b -  
s t r a t e   is  also  c o n s i d e r a b l y   r e d u c e d .  

This  i m p r o v e m e n t   in  the  cu r ing   of  inks  is  a p p l i c a b l e   to  a l l  
Inks  commonly  used  i n c l u d i n g   w a t e r - b a s e d   i nks ,   white   s p i r i t  
5mulsion  based  inks   and  p l a s t i c i s e d   inks .   However  an  i m p o r t -  
mt  a d v a n t a g e o u s   effect   is  no t iced   when  the  a p p a r a t u s   is  u s e d  
to  dry  p l a s t i c i s e d   i n k s .  

rhis   is  d e s c r i b e d   in  the  fo l lowing  p a r a g r a p h .  

3y  the  i n t r o d u c t i o n   of  the  gaps  between  some  of  the  d i s c r e t e  
r ad ia t ion   un i t s   of  the  r a d i a t i o n   emi t t ing   su r f ace ,   the  t o t a l  
ength   of  the  r a d i a t i o n   emi t t ing   sur face   for  a  given  n u m b e r  
>f  r a d i a t i o n   uni ts   can  be  s u b s t a n t i a l l y   i n c r e a s e d   and  t h e r e  
s  t h e r e f o r e   to  be  e x p e c t e d   an  i n c r e a s e   in  the  speed  at  w h i c h  
he  c o n v e y o r   may  pass  the  s u b s t r a t e   benea th   the  s u r f a c e ,  
lowever   it  has  been  found  that  in  the  ink  d ry ing   a p p a r a t u s  
he  speeds   may  be  r e m a r k a b l y   i n c r e a s e d ,   for  example  up  to  
ipeeds  equal   to  160%  of  the  speeds   used  in  c o n v e n t i o n a l   i n k  
t ry ing  a p p a r a t u s   which  means  that   the  a l t e r n a t e   cooling  a n d  
leat ing  of  the  ink  by  the  i n t r o d u c t i o n   of  the  gaps  s e r v e s  
o  d e c r e a s e   the  cu r ing   time  r e q u i r e d   to  dry  the  ink.   T h i s  
7as  a  ve ry   u n e x p e c t e d   r e s u l t .  

'he  l ength   of  the  s e r i e s   of  gaps  and  in  the  se r ies   of  d i s c r e t e  
a d i a t i o n   un i t s   which  s e p a r a t e   the  gaps  do  not  have  to  b e  
qua l .   However  in  o rder   to  ach ieve   a  cons t an t   heat ing  e f f e c t ,  
he  total  l eng ths   of  all  the  gaps  must  equal   the  total  l e n g t h  
f  all  the  s e p a r a t e   d i s c r e t e   r a d i a t i o n   uni ts   or  the i r   e f f e c t i v e  
a d i a t i o n   z o n e s .  

he  in f ra   red  hea t ing   un i t s   may  be  infra   red  ba r s ,   r o d s ,   b l a c k  
ody  r a d i a t i o n   pads  or  lamps  but  it  is  p r e f e r r e d   that  t h e  
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nea t ing   un i t s   are  ceramic  r a d i a t i o n   t i l es .   A  t yp ica l   t ile  m e a s -  
ures   125  mm  (5  i nches )   s q u a r e .  

In  the  case  where  the  r a d i a t i o n   unit  is  a  ceramic  r a d i a t i o n  

tile  it  has  been  found  that   an  e f fec t ive   a p p a r a t u s   is  c r e a t e d  
where   each  gap  has  length   equal   to  the  length  of  a  c e r a m i c  
r a d i a t i o n   t i le .   In  a  p r e f e r r e d   a r r a n g e m e n t   the  r a d i a t i o n   e m i t t -  
ing  su r face   c o m p r i s e s   a  bank  of  three   con t iguous   ceramic  t i l e s  
a d j a c e n t   a  gap  of  one  t i le  length  ad jacen t   a  f u r t h e r   s i n g l e  
tile  a d j a c e n t   a  second  gap  of  length  equal  to  a  tile  a d j a c e n t  
a  f inal   ceramic   t i le .   This  gives  an  a r r a n g e m e n t   which  i s  

e x t r e m e l y   e f f ec t i ve   e s p e c i a l l y   for  d ry ing   inks  which  h a v e  
been  si lk  s c r eened   onto  woven  f a b r i c s .  

Most  types   of  ink  have  a  s imi la r   t r i g g e r i n g   t e m p e r a t u r e   i n  
the  region  of  135°C  and  have  s imi lar   hea t ing   c u r v e s .   In  t h i s  

case  spacing  and  p o s i t i o n i n g   of  the  r a d i a t i o n   un i t s   can  s t a y  
f ixed  . 

However  in  some  cases  where   ex t r eme ly   d i f f e r e n t   types   of 
ink  are  to  be  used,   it  is  p r e f e r r e d   that  the  r a d i a t i o n   u n i t s  
are  mounted  so  that  they  can  be  eas i ly   moved  about  the  s u r -  
face  . 

In  the  case  where  the  r a d i a t i o n   uni ts   are  ceramic  t i les  i t  
is  p r e f e r r e d   that  the  t i les   are  mounted  in  pa i r s   upon  s t a i n l e s s  
steel  r e f l e c t o r s   which  are ,   in  t u rn ,   mounted  upon  s u p p o r t i n g  
r a i l s .   The  t i les   can  then  be  moved  about  on  the  s u p p o r t i n g  
r a i l s   so  that  the i r   spacing  may  be  changed  if  r e q u i r e d .  

It  has  been  found  that  the  most  e f f i c i en t   a r r a n g e m e n t   is  p r o d u c -  
ed  if  the  p e r c e n t a g e   of  the  total  length  of  the  heat ing  s u r f a c e  
occup ied   by  the  solid  set  of  heater   uni ts   at  one  end  of  t h e  
su r face   is  be tween  30%  and  60%. 

As  has  a l r e a d y   been  o u t l i n e d ,   the  a p p a r a t u s   in  a c c o r d a n c e  
with  the  f i r s t   embodiment   of  the  i n v e n t i o n   gives  a  r e m a r k a b l e  
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i n c r e a s e   in  the  speed  at  which  the  conveyo r   may  t r ave l   i f  
the  ink  to  be  cu r ed   is  a  p l a s t i c i s e d   ink .   Al though  the  d a n g e r  
of  heat  d e g r a d a t i o n   of  the  s u b s t r a t e   is  r e d u c e d   in  other   t y p e s  
of  ink  such  as  w a t e r - b a s e d   and  whi te   s p i r i t   based  inks ,   t h e s e  
do  not  give  the  same  speed  i n c r e a s e s .   The  objec t   of  the  s e c o n d  
aspec t   of  the  i n v e n t i o n   is  to  p r o d u c e   a p p a r a t u s   which  w i l l  
give  i n c r e a s e d   s p e e d s   with  d i f f e r e n t   t ypes   of  i n k s .  

According  to  a  second  aspect   of  the  i n v e n t i o n   there   is  p r o v i d e d  
ink  d ry ing   a p p a r a t u s   for  d ry ing   ink  p r i n t e d   on  a  s u b s t r a t e ,  
compr i s i ng   a  c o n v e y o r   belt  on  which  the  p r i n t e d   s u b s t r a t e  
may  be  p l a c e d ,   the  conveyor   belt   p a s s ing   benea th   an  i n f r a  
red  r a d i a t i o n   emi t t ing   sur face   to  convey   the  s u b s t r a t e   f r o m  
one  end  of  the  r a d i a t i o n   emi t t ing   su r face   to  the  oppos i t e   e n d  
of  the  r a d i a t i o n   emi t t ing   s u r f a c e ,   c h a r a c t e r i s e d   in  that  t h e  
r a d i a t i o n   emi t t i ng   sur face   i n c l u d e s   at  said  one  end  a  f i r s t  
r a d i a t i o n   zone  c o m p r i s i n g   at  least   one  r a d i a t i o n   unit   a r r a n g e d  
to  emit  in f ra   red  r a d i a t i o n   p r e d o m i n a n t l y   with  a  w a v e l e n g t h  
of  less  than  3.5  jim,  and  in  the  peak  a b s o r p t i o n   range  of 
the  s u b s t r a t e ,   and  a  second  r a d i a t i o n   zone  spaced  from  t h e  
f i rs t   r a d i a t i o n   zone  in  a  d i r e c t i o n   from  said  one  end  to  t h e  
other  end,   the  seond  r a d i a t i o n   zone  i n c l u d i n g   at  least   two 
d i sc re t e   r a d i a t i o n   un i t s   s e p a r a t e d   by  a  gap,  each  unit   w i t h i n  
said  second  zone  being  a r r a n g e d   to  emit  infra   red  r a d i a t i o n  
p r e d o m i n a n t l y   of  a  w a v e l e n g t h   g r e a t e r   than  3.5  um  and  w i t h i n  
the  peak  a b s o r p t i o n   range  of  the  i n k .  

rh i s   a p p a r a t u s   o p e r a t e s   by  hea t ing   the  s u b s t r a t e   up  q u i c k l y  
by  i r r a d i a t i n g   it  f i r s t   at  the  f i r s t   r a d i a t i o n   zone  with  i n f r a  
red  of  a  w a v e l e n g t h   which  heats   up  the  s u b s t r a t e   q u i c k l y ,  
rh is   c o n s e q u e n t l y   r a i se s   the  t e m p e r a t u r e   of  the  ink  q u i c k l y ,  
tn  the  second  zone  the  ink  cur ing   is  taken  over  by  the  r a d -  
iation  e l ements   which  act  p r e d o m i n a n t l y   on  the  ink  r a t h e r  
than  the  s u b s t r a t e .   Within  the  second  zone  there   is  at  l e a s t  
one  gap  which  s e rve s   as  in  the  f i r s t   aspec t   of  the  i n v e n t i o n  
to  control   the  t e m p e r a t u r e   r ise   w i th in   the  ink.   This  e n s u r e s  
that  the  t e m p e r a t u r e   wi th in   the  ink  is  r a i s e d   q u i c k l y   to  i t s  
t r igge r ing   t e m p e r a t u r e   and  then  is  m a i n t a i n e d   at  a  t e m p e r a t u r e  
above  the  t r i g g e r i n g   t e m p e r a t u r e   w i thou t   a l lowing  it  to  ge t  
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so  high  that  it  can  be  d e l e t e r i o u s   to  the  s u b s t r a t e .  

The  i n v e n t i o n   is  a p p l i c a b l e   with  p a r t i c u l a r   advan t age   to  t h e  

p r i n t i n g   of  inks  on  f a b r i c s .   Fab r i c s   are  much  more  e a s i l y  

and  s p e e d i l y   hea ted   by  a  r a d i a t i o n   with  infra   red  of  w a v e -  

length  1  -  3.5  um.  In  a  garment   si lk  s c r e e n e d   with  ink,   t h e  

ink  will  form  a  less  than  .1%  component   of  the  total  w e i g h t  

and  t h e r e f o r e   the  q u i c k e s t   way  to  heat  the  ink  will  be  to  

heat  the  ga rment .   This  is  done  by  i r r a d i a t i n g   the  g a r m e n t  

for  a  short   time  d u r a t i o n   with  infra   red  of  short   w a v e l e n g t h .  

This  can  heat  the  ink  and  s u b s t r a t e s   to  a  t e m p e r a t u r e   of 

a round   80°C  which  is  not  yet  the  t r i g g e r i n g   t e m p e r a t u r e   f o r  

most  i n k s .  

P r e f e r a b l y   the  spac ing   of  the  second  zone  from  the  f i r s t   zone  

is  s u f f i c i e n t   to  allow  the  rate  of  t e m p e r a t u r e   r ise  to  be  s l o w e d  

down  c o n s i d e r a b l y   before   the  garment   passes   under   the  s e c o n d  

r a d i a t i o n   z o n e .  

The  f i r s t   r a d i a t i o n   zone  may  compr ise   infra   red  r a d i a t i o n  

e lements   which  are  d i f f e r e n t   from  the  infra   red  r a d i a t i o n   e l e -  

ments  in  the  second  r a d i a t i o n   zone.  T y p i c a l l y   the  f i r s t   r a d -  

ia t ion  zone  e l ements   may  be  quar tz   glass  inf ra   red  lamps  b u t  

p r e f e r a b l y   the  r a d i a t i o n   un i t s   in  each  of  the  zones  c o m p r i s e  

ceramic  r a d i a t i o n   e l e m e n t s .  

In  ceramic  r a d i a t i o n   e lements   the  h igher   the  t e m p e r a t u r e   to  

which  the  e lement   is  heated  the  lower  the  wave l eng th   of  t h e  

infra   red  r a d i a t i o n   it  emits .   A  p r e f e r r e d   c o n f i g u r a t i o n   is  p r o d -  

uced  in  which  the  f i r s t   r a d i a t i o n   zone  is  one  ceramic  u n i t  

in  length  which  is  heated  to  about  540°C  to  emit  r a d i a t i o n  

of  a  w a v e l e n g t h   of  3.5  mic rons .   The  second  r a d i a t i o n   zone  

cons i s t s   of  a  f i r s t   block  two  ceramic  uni ts   in  length  s p a c e d  

from  the  second  block  one  ceramic  unit   in  l eng th .   The  s e c o n d  

ceramic  unit  of  the  f i r s t   block  i . e .   that  c loses t   to  the  s e c o n d  

block  is  connec t ed   to  a  t h e r m o s t a t   and  heat  is  s u p p l i e d   to  

all  three   un i t s .   The  second  ceramic  unit   is  ma in ta ined   a t  

a  t e m p e r a t u r e   of  370°C  which  means  that  it  emits  r a d i a t i o n  
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U1  w o v e i e a g m   *  .  o  um.  Because  the  f i r s t   ceramic  unit   of  t h e  
f i r s t   block  of  the  second  r a d i a t i o n   unit   is  c loses t   to  the  f i r s t  
r a d i a t i o n   zone,  it  will   be  heated  up  s l i g h t l y   by  the  h o t t e s t  
ceramic   uni t   and  so  will  be  hot ter   than  the  second  t h e r m o s t a t e d  

5  e lement   and  will  be  in  a  t e m p e r a t u r e   of  a round   440°C  w h i c h  
will  emit  r a d i a t i o n   of  a r o u n d   4.1  jim.  The  t h i r d   ceramic  u n i t  
forming  the  second  block  will  be  at  a  lower  t e m p e r a t u r e   of  
a r o u n d   350°C  emi t t ing   a  r a d i a t i o n   of  4.8  j i m .  

It  has  been  found  that   the  best  c o n f i g u r a t i o n   is  p r o d u c e d  
10  if  the  gap  be tween   the  f i r s t   and  second  zones  is  equal   to  

the  gap  be tween   the  f i r s t   and  second  b locks   wi th in   the  s e c o n d  
z o n e .  

P r e f e r a b l y   this   gap  is  equal   to  58  mm. 

It  is  found  that   the  speed  at  which  the  conveyor   belt  may  
15  move  the  p r i n t e d   s u b s t r a t e   t h rough   the  a p p a r a t u s   in  a c c o r d -  

ance  with  the  second  a spec t   of  the  i n v e n t i o n   can  be  i n c r e a s e d  
by  up  to  60%  with  p l a s t i c i s e d   inks  but  also  with  w a t e r - b a s e d  
and  whi te   s p i r i t   e m u l s i o n - b a s e d   inks .   To  ach ieve   th i s ,   u p  
to  25%  power  c o n s u m p t i o n   i nc rea se   is  r e q u i r e d   to  heat  t h e  

!0  f i r s t   row  of  ceramic   e l emen t s   to  a  h igher   t e m p e r a t u r e .  

The  r a d i a t i o n   unit   may,  as  in  the  f i r s t   a spec t   of  the  i n v e n t i o n ,  
be  mounted   for  movement   to  help  vary  the  spacing  b e t w e e n  
the  v a r i o u s   e l e m e n t s .  

Brief   D e s c r i p t i o n   of  the  D r a w i n g s  

5  Examples   of  a p p a r a t u s   in  a cco rdance   with  the  f i r s t   and  s e c o n d  
a s p e c t s   of  the  i n v e n t i o n   will  now  be  d e s c r i b e d   and  c o n t r a s t e d  
with  the  p r io r   a r t ,   with  r e f e r e n c e   to  the  accompany ing   d r a w -  
ings ,   in  w h i c h : -  

x-isuie  ±i\  is  a  s cnemat ic   view  oi  a  r a d i a t i o n   emit t ing  s u r f a c e  
0  of  a p p a r a t u s   ;  of  a  p r io r   a r t ;  
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Figure   IB  is  a  schemat ic   view  of  the  r a d i a t i o n   emi t t ing   s u r f a c e  

of  a  f i r s t   a p p a r a t u s   in  a c c o r d a n c e   with  the  f i r s t   aspect   of 

the  i n v e n t i o n ;  

Figure   1C  is  a  schemat ic   view  of  the  r a d i a t i o n   emi t t ing   s u r f a c e  

of  a  second  a p p a r a t u s   in  a cco rdance   with  the  second  a s p e c t  
of  the  i n v e n t i o n ;  

Figure  2  is  a  f ront   s ec t iona l   e l e v a t i o n   of  the  second  a p p a r a t u s ;  

Figure  3  is  a  side  s ec t iona l   e l e v a t i o n   of  the  second  a p p a r a t u s .  

Figure  4  is  a  s i m p l i f i e d   graph  showing  t e m p e r a t u r e   rise  a g a i n s t  

length  of  a p p a r a t u s   of  the  pr ior   art  and  of  the  f i r s t   and  s e c -  
ond  a p p a r a t u s ;  

Figure  5  is  a  s i m p l i f i e d   graph  showing  t e m p e r a t u r e   a g a i n s t  
c o r r e c t e d   time  base  of  a  p r i n t e d   s u b s t r a t e   pass ing   t h r o u g h  

a p p a r a t u s   of  the  p r io r   art  and  the  f i r s t   and  second  a p p a r a t u s ;  
and  , 

Figure   6  is  a  schemat ic   view  of  the  f i r s t   a p p a r a t u s   i d e n t i f y i n g  
the  uni ts   used  in  the  f o r m u l a .  

D e s c r i p t i o n   of  the  P r e f e r r e d   E m b o d i m e n t  

The  a p p a r a t u s   of  the  p r io r   art  and  acco rd ing   to  the  i n v e n t i o n  

is  of  the  genera l   type  d e s c r i b e d   in  p u b l i s h e d   Patent   S p e c i f i c -  
ation  No  2  141  072.  

The  a p p a r a t u s   shown  in  F igures   2  and  3  is  the  second  a p p a r -  
atus  of  the  pr ior   art  and  the  f i r s t   a p p a r a t u s   are  both  of  a 
s imi lar   s t r u c t u r e   apar t   from  the  a r r a n g e m e n t   of  the  c e r a m i c  

e lements   on  the  r a d i a t i o n   emi t t ing   s u r f a c e .  

In  each  a p p a r a t u s   a  flat  bed  conveyor   belt  1  is  pass ing   t h e  

p r i n t e d   s u b s t r a t e   from  a  loading  apron  into  a  d ry ing   h o u s i n g  

2.  The  conveyor   belt  1  is  an  open  weave  g l a s s f i b r e   P o l y t e t r a -  
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-uUiUCU„auC  ^ " ^ i   tod iea   oeiz  with  an  a n t i - s t a t i c   a d d i t i v e  
such  as  that  a v a i l a b l e   from  F o t h e r g i l l   Tygaf lor   of  M a n c h e s t e r  
Eng land .   The  c o n v e y o r   belt   1  is  d r i v e n   to  pass  the  o b j e c t  
from  one  end  of  the  hous ing   2  to  the  oppos i t e   end.  The  b e l t  
is  d r i v e n   by  a  motor  which  is  a  v a r i a b l e   speed  motor  w h i c h  
is  a  s ingle   phase   i npu t   to  DC  t h y r i s t e r   c o n t r o l l e d   e n g i n e ,  
such  as  that  sold  as  Model  118  WS  by  P a r v a l u x   Motors  L i m i t e d  
of  B o u r n e m o u t h   E n g l a n d .  

rhe  conveyor   belt   1  passes   the  p r i n t e d   s u b s t r a t e   which  i n  
this  case  is  p r e f e r a b l y   a  f abr ic   such  as  a  T - s h i r t   si lk  s c r e e n e d  
vith  ink  benea th   a  inf ra   red  r a d i a t i o n   emi t t ing   sur face   3. 
rhe  infra  red  r a d i a t i o n   emi t t ing   su r face   is  made  up  of  a  p l u r -  
i l i ty   of  d i s c r e t e   r a d i a t i o n   uni ts   4A,  4B, 

\  low  power  fan  5  is  p r o v i d e d   to  move  the  air  across   t h e  
na te r ia l   being  d r i ed   and  t h e r e b y   to  promote  uniform  ink  c u r i n g ,  
rhe  fan  5  p r o v i d e s   a  p o s i t i v e   f resh   air  flow  into  the  d r y e r  
icross  the  su r f ace   of  the  s u b s t r a t e .   The  effect   of  this  is  to  
emove  the  vapour   p r o d u c e d   from  the  e v a p o r a t i n g   solvent   f rom 
he  su r face   of  the  s u b s t r a t e   thus   p romot ing   f u r t h e r   e v a p o r a t i o n  
ind  d ry ing   of  the  p r i n t .   The  toxic  v a p o u r s   are  also  p r e v e n t e d  
rom  e scap ing   from  the  d rye r   into  the  s u r r o u n d i n g   work  s p a c e .  

v  cover  6  s u r r o u n d s   the  ceramic  un i t s   4A,  4B  to  p rov ide   a 
teat  sh ie ld   a round   t h e m .  

:he  conveyor   belt   1  is  s u p p o r t e d   the  length  of  the  h e a t e d  
hamber   by  s u i t a b l y   r e i n f o r c e d   and  s t i f f e n e d   p la te ,   a d v a n t -  
geous ly   m a n u f a c t u r e d   in  g a l v a n i s e d   steel  shee t ing   w h i c h  
u n c t i o n s   also  to  seal  the  heated  chamber   and  to  ensure   t h a t  
he  air  flow  is  p o s i t i v e l y   away  from  the  p r i n t e d   s u b s t r a t e ,  
nd  all  the  e x h a u s t   gases  and  nox ious   fumes  are  t h o r o u g h l y  
x h a u s t e d   . 

'he  r a d i a n t   ceramic   t i les   4  measure   125  mm  square   and  a r e  
lounted  in  pa i r s   on  a  s t a i n l e s s   steel  r e f l e c t o r   (not  s h o w n )  
rhich  is  in  tu rn   mounted  upon  a  s u p p o r t i n g   rail  formed  b y  
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c t rud ing   a  complex  snape  in  u u i a i u u m .   ~* 

can  be  mounted  on  th is   rail   to  form  hea t ing   s t r i p s   2  50mm 

)0  mm,  750  mm  and  1,000  mm  in  l ength .   At  least   one  tile  4 

;  t h e r m o s t a t e d   . 

n  a p p a r a t u s   of  the  p r io r   a r t ,   as  shown  in  F igure   1A,  t h e r e  

s  a  r a d i a t i o n   emi t t ing   su r f ace   which  is  500  mm  in  l e n g t h ,  

hich  is  e q u i v a l e n t   to  four  t i l es   4.  The  e f f e c t i v e n e s s   of  t h e  

p p a r a t u s   of  the  p r ior   art  will  be  c o n t r a s t e d   with  that  of 

oth  a spec t s   of  the  i n v e n t i o n   by  compar ing  the  hea t ing   c u r v e  

f  a  yard  s t ick  ink  w h i c h ,   in  this   case,   is  sold  under   t h e  

rade  mark  TEXICAL  by  Sericol  Limited  of  Pa r sons   G r e e n  

,ondon.   The  belt  speed  to  cure  this   ink  is  8i  -  9  ft  p e r  

ninute  (2.59  m  -  2.74  m  per  m i n u t e ) .   Tests  using  heat  s e n s -  

t ive  ma rke r s   and  p y r o m e t e r s   show  that  the  t e m p e r a t u r e   b u i l d -  

ip  on  the  ink  su r face   is  a  r i s ing   e x p o n e n t i a l   as  shown  i n  

Figures  4  and  5.  

Since  most  of  the  ink  is  cured   by  a  p rocess   of  c l ea r ing   t h e  

solvent   veh ic le   then  c r o s s - l i n k i n g   the  po lymer i c   p a r t i c l e s ,  

o v e r h e a t i n g   ( a c h i e v i n g   t e m p e r a t u r e s   in  excess   of  the  t r i g g e r i n g  

t e m p e r a t u r e   of  a round   135°C)  deg rades   the  ink  film  and  i s  

d e l e t e r i o u s   to  the  a p p e a r a n c e   and  mechanica l   s t r e n g t h   of  t h e  

p r i n t   a n d / o r   s u b s t r a t e .   In  th is   case  it  can  be  seen  from  F i g u r e  

5  that'  af ter   the  t h i rd   ceramic   tile  the  t e m p e r a t u r e   of  the  i n k  

has  gone  above  the  opt imum  135°C  and  this   t h e r e f o r e   has  a 

d e l e t e r i o u s   effect  on  the  i n k .  

The  a p p a r a t u s   in  a c c o r d a n c e   with  the  f i r s t   aspect   of  the  i n v e n -  

tion  is  a r r a n g e d   such  that  at  said  one  end  the re   is  a  b a n k  

7  of  r a d i a t i o n   e lements   4  a r r a n g e d   c o n t i g u o u s l y ,   the  n u m b e r  

of  r a d i a t i o n   uni ts   in  the  bank  7  being  s u f f i c i e n t   to  heat  t h e  

p r i n t e d   ink  to  a  t e m p e r a t u r e   above  its  t r i g g e r i n g   t e m p e r a t u r e .  

Adjacent   the  bank  in  the  d i r e c t i o n   from  said  one  end  to  t h e  

other   is  a  gap  8  of  a  length   s u f f i c i e n t   to  allow  the  rate  of 

t e m p e r a t u r e   r ise  to  be  slowed  down  and  a d j a c e n t   said  gap 

8  is  a  f u r t h e r   r a d i a t i o n   unit   9  to  main ta in   the  t e m p e r a t u r e  

of  the  ink  and  s u b s t r a t e .   In  th is   case  the  bank  of  u n i t s  
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i n c l u d e s   th ree   ceramic  r a d i a t i o n   un i t s   4  and  there   are  two  

gaps  8  one  unit  in  l e n g t h ,   and  two  s e p a r a t e   d i s c r e t e   u n i t s  
9,  each  one  ceramic  unit   in  l e n g t h .  

The  hea t ing   effect  on  the  ink  used  as  a  compa r i son   is  s h o w n  
5  in  F igu re s   4  and  5.  The  t e m p e r a t u r e   s t i l l   r i s e s   e x p o n e n t i a l l y  

but  the  rate  of  r ise  is  slowed  down  by  the  i n c l u s i o n   of  t h e  

gap  8.  Whilst   the  s u b s t r a t e   is  pa s s ing   b e n e a t h   the  gap  8,  
there   is  a  res id   ual  effect   on  the  ink  and  its  t e m p e r a t u r e   d o e s  
c o n t i n u e   to  r ise  but  at  a  much  s lower  ra te .   This  slows  d o w n  

10  the  ove ra l l   rate  of  i n c r e a s e   to  e n s u r e   that   the  t e m p e r a t u r e  
of  the  ink  and  s u b s t r a t e   never   r i ses   as  high  as  it  would  do 
in  a  s t a n d a r d   d ryer   and  so  there   is  a  much  d e c r e a s e d   r i s k  
of  f ab r i c   d e g r a d a t i o n   o c c u r r i n g .  

In  th is   p a r t i c u l a r   example ,   as  compared   with  the  pr ior   a r t ,  
15  the  ove ra l l   length  of  the  r a d i a t i o n   emi t t ing   su r face   3  has  i n -  

c r ea sed   by  75%.  The  i n s t a l l e d   power  in  the  r a d i a t i o n   s u r f a c e  
has  only  i n c r e a s e d   by  25%  since  in  the  a p p a r a t u s   shown  i n  

Figure   IB,  there   are  f i f t een   ceramic  t i les   as  opposed   to  t w e l v e .  

It  is  to  be  expec t ed   that   if  the  length  of  the  r a d i a t i o n   s u r f a c e  
20  is  i n c r e a s e d ,   that  the re   would  be  an  i n c r e a s e   in  the  b e l t  

speed  r e q u i r e d   to  ach ieve   cur ing   p e r h a p s   by  as  much  as  50%. 
However  tes ts   using  the  ink  use  the  compar i son   cured   at  b e l t  

speeds   up  to  14  ft  per  minute  (4.27  m  per  minute)   w h i c h  

gave  a  t o t a l ly   u n e x p e c t e d   i n c r e a s e   of  60%  in  the  belt  s p e e d .  
-5  Thus  the  cur ing   of  the  ink  is  much  more  e f f i c i en t   and  i s  

speeded   up  by  this   a l t e r n a t e   hea t ing   and  cooling  ef fect .   T h e  

e f f i c i e n c y   of  the  hea t ing   s u r f a c e ,   when  taking  into  a c c o u n t  
the  speed  of  the  cur ing   p r o d u c e d   for  a  unit  of  i n s t a l l e d   p o w e r ,  
is  i n c r e a s e d   by  100%  p l u s .  

'0  The  t i les   are  a r r anged   67  mm  from  the  belt  which  runs  f l a t  

on  a  g a l v a n i s e d   s u p p o r t   t ray   and  the  t e m p e r a t u r e   is  a c c u r a t e l y  
c o n t r o l l e d   by  a  v a r i a b l y   set  c losed  looped  t e m p e r a t u r e   c o n -  
t r o l l e r   giving  plus  or  minus  2°C  a c c u r a c y .  
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It  has  been  found  that  the  most  e f f i c i en t   r e s u l t s   are  a c h i e v e d  

if  the  fo l lowing  formula  is  s a t i s f i e d ]  

30  < s ^ p   x  100  <^  60 

Where  SR  equa l s   the  length  of  the  set  of  heater   uni ts   7  a n d  

1  is  the  overa l l   length  of  the  heat ing  su r f ace .   It  will  a l s o  

be  a p p r e c i a t e d   that  for  the  most  e f fec t ive   hea t ing   and  c o o l i n g  

effect ,   the  fo l lowing  formula  must  be  s a t i s f i e d ;  

/ • - / •  

w h e r e  

f G   -  Gj  +  G2  +  +  Gn 

Where  Gj  equa l s   the  length  of  the  f i r s t   gap;  G2  equa l s   t h e  

length   of  the  second  gap;  Gn  equa l s   length  of  nth  gap;  a n d :  

J s   =  sl  +  s2  +  ♦  s n  

Where  Sj  equa l s   the  length  of  the  f i r s t   d i s c r e t e   s epa ra te   h e a t e r  

unit  9  and  S2  equa l s   the  length  of  the  second  d i s c r e t e   h e a t e r  

unit   9;  and  S  equa l s   the  length  of  the  nth  d i s c r e t e   h e a t e r  
n 

unit   9 .  

The  r e s u l t s   o b t a i n e d   with  the  f i r s t   a p p a r a t u s   were  o b t a i n e d  

using  p l a s t i c i s e d   inks  such  as  the  yard  s t ick  ink.  With  i n k s  

which  are  w a t e r - b a s e d   or  white   sp i r i t   e m u l s i o n - b a s e d ,   a l t h o u g h  

the  f i r s t   a p p a r a t u s   can  be  used  to  decrease   the  r isk  of  s c o r c h -  

ing  or  damage  of  the  f abr ic   s u b s t r a t e ,   there   is  no  m a r k e d  

i m p r o v e m e n t   in  the  speed  of  the  conveyor   belt  and  t h e r e f o r e  

not  the  same  e f f i c i e n c y   o b t a i n e d .  

The  second  a p p a r a t u s   however   ,in  acco rdance   with  the  s e c o n d  

aspec t   of  the  i n v e n t i o n ,   works  with  equal  e f f e c t i v e n e s s   w i t h  

all  types   of  ink  i n c l u d i n g   w a t e r - b a s e d   inks  such  as  that  s o l d  

under   the  t rade  mark  TEXISCREEN  by  Serlcol  Limited  of  P a r s o n s  

Green  L o n d o n .  
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In  the  second  a p p a r a t u s   the  r a d i a t i o n   emi t t ing   sur face   3  i n -  
c ludes   at  one  end  where   the  s u b s t r a t e   en t e r s   the  d ry ing   z o n e ,  
f i r s t   z o n e ,  

4A  wnich  compr i s e s   one  r a d i a t i o n   unit   which  is  a r r anged   t o  
emit  infra   red  r a d i a t i o n   p r e d o m i n a n t l y   with  a  wave l eng th   of 

5  less  than  3.5  um,  and  in  the  peak  a b s o r p t i o n   rate  of  t h e  
s u b s t r a t e .   And  a  second  r a d i a t i o n   zone  4B  spaced  from  t h e  
f i r s t   r a d i a t i o n   zone  4A  in  a  d i r e c t i o n   from  said  one  end  to  
the  other   end,   the  second  r a d i a t i o n   zone  i n c l u d i n g   two  b l o c k s  
10  and  11  s e p a r a t e d   by  a  gap  12,  each  unit   w i th in   the  s e c o n d  

10  zone  being  a r r a n g e d   to  emit  infra   red  r a d i a t i o n   p r e d o m i n a n t l y  
of  a  w a v e l e n g t h   g rea t e r   than  3.5  yam  and  wi th in   the  p e a k  
a b s o r p t i o n   range  of  the  i n k .  

As  is  shown  in  Figure  1C  the  f i r s t   r a d i a t i o n   zone  is  of  l e n g t h  
equal   to  one  ceramic  t i le .   The  f i r s t   block  of  the  second  r a d -  

L5  ia t ion   zone  is  two  ceramic  t i les   in  length  with  the  s e c o n d  
block  11  being  one  ceramic   tile  in  l eng th .   The  f i r s t   r a d i a t i o n  
zone  4A  is  spaced  from  the  second  zone  by  a  gap  13  w h i c h  
is  equal  to  58  mm  which  is  the  same  length  as  gap  12  b e t w e e n  
the  two  b locks   10  and  11  of  the  second  r a d i a t i o n   z o n e .  

10  The  second  row  of  ceramic   un i t s   14  of  the  f i r s t   block  of  t h e  
second  r a d i a t i o n   zone  is  t h e r m o s t a t e d   and  its  t e m p e r a t u r e   i s  
t h e r e f o r e   c o n t r o l l e d   at  all  t imes.   The  row  of  ceramic  e l e m e n t s  
in  the  f i r s t   r a d i a t i o n   zone  are  hea ted   to  a  t e m p e r a t u r e   of 
a r o u n d   540°C  which  causes   them  to  emit  infra   red  r a d i a t i o n  

5  of  a  w a v e l e n g t h   less  than  3.5  jim.  This  c o r r e s p o n d s   to  t h e  
peak  a b s o r p t i o n   range  of  the  f ab r i c   s u b s t r a t e   which  m e a n s  
that   as  the  s u b s t r a t e   is  passed   benea th   the  f i r s t   r a d i a t i o n  
zone  the  s u b s t r a t e   is  heated  r a p i d l y   which  t h e r e f o r e   h e a t s  
the  inks  p r i n t e d   t he reon   r a p i d l y .   The  t h e r m o s t a t e d   tile  14 

0  is  c o n t r o l l e d   to  be  at  a  t e m p e r a t u r e   of  370°C  which  m e a n s  
that  it  emits  r a d i a t i o n   of  wave l eng th   4.6  ^tm.  The  row  of  c e r a m -  
ic  e lements   15  lies  in  between  the  t h e r m o s t a t e d   element  a n d  
the  f i r s t   r a d i a t i o n   zone  and  p icks   up  some  of  the  heat  f r o m  
the  ho t tes t   t i le  and  so  is  at  a  h igher   t e m p e r a t u r e   of  a r o u n d  

5  440°C  and  it  will  emit  r a d i a t i o n   of  a round   4.1  jim.  The  t i l e  
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11  has  a  lower  t e m p e r a t u r e   than  the  t h e r m o s t a t e d   t i les   14 
and  will  be  at  a  t e m p e r a t u r e   of  a r o u n d   3  50°C  which  m e a n s  
that  they  will  emit  inf ra   red  r a d i a t i o n   of  a round   4.8  J i m .  
This  a r r a n g e m e n t   is  such  that  the  ink  is  r a p i d l y   heated  v i a  
the  s u b s t r a t e   in  the  f i r s t   r a d i a t i o n   zone  and  then  the  t e m p e r -  
a ture   r ise  a r r e s t e d   by  the  gap  13  to  slow  down  the  rate  o f  
the  t e m p e r a t u r e   r i s e .   The  ceramic  e l e m e n t s   in  the  second  r a d -  
iat ion  zone  all  emit  infra   red  r a d i a t i o n   on  a  w a v e l e n g t h   w i t h i n  
the  peak  a b s o r p t i o n   range  of  the  ink,   and  so  the  ink  is  h e a t e d  
from  then  on  r a t h e r   than  the  s u b s t r a t e .   This  helps   to  r e d u c e  
the  p o s s i b i l i t y   of  heat  damage  to  the  f ab r i c   s u b s t r a t e .   T h e  
ex t ra   gap  12  also  helps   slow  down  the  t e m p e r a t u r e   r ise  a n d  
in  some  cases  it  is  p o s s i b l e   to  main ta in   the  t e m p e r a t u r e   a t  
a  level  once  it  has  r eached   the  t r i g g e r i n g   t e m p e r a t u r e .  

The  graph  showing  the  t e m p e r a t u r e   r ise   wi th in   the  s e c o n d  

a p p a r a t u s   is  shown  in  F igures   4  and  5  and  it  can  be  s e e n  
that  in  the  second  a p p a r a t u s   the  inks   reach  the i r   t r i g g e r i n g  
t e m p e r a t u r e   much  q u i c k e r   than  in  the  a p p a r a t u s   of  the  p r i o r  
art  or  of  the  f i r s t   a p p a r a t u s   wh i l s t   the  t e m p e r a t u r e   is  n o t  
a l lowed  to  go  so  high  as  to  be  able  to  damage  the  fabr ic   a n d /  
or  the  i n k .  

Figure  4  is  a  graph  showing  the  t e m p e r a t u r e   r ise  across   t h e  

length  of  the  infra   red  r a d i a t i o n   su r f ace .   The  f i r s t   v e r t i c a l  
line  16  r e p r e s e n t s   the  length  of  the  r a d i a t i o n   sur face   of  t h e  

a p p a r a t u s   of  the  pr ior   art  and  the  hea t ing   curve   of  the  i n k  

p r i n t e d   on  a  s u b s t r a t e   being  passed   t h rough   a p p a r a t u s   of  t h e  

pr ior   art  is  r e p r e s e n t e d   in  chain  line  17.  As  can  be  s e e n  
the  hea t ing   curve   is  an  e x p o n e n t i a l   r ise   which  r i ses   a b o v e  

t r i g g e r i n g   t e m p e r a t u r e   r e p r e s e n t e d   by  the  ho r i zon ta l   line  18 
to  s tar t   the  cur ing   of  the  ink  on  the  s u b s t r a t e .   The  t e m p e r -  
a ture   then  r i ses   in  the  length  of  the  r a d i a t i o n   sur face   to  

a  h igher   t e m p e r a t u r e   r e p r e s e n t e d   by  line  19  where  there   i s  

an  i n c r e a s e d   r i sk   of  f abr ic   d e g r a d a t i o n .   C lea r ly   this   is  u n d e s i r -  
a b l e .  

rhe  length  of  the  f i r s t   a p p a r a t u s   is  r e p r e s e n t e d   by  v e r t i c a l  
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ine  20  and  it  can  be  seen  that   this   is  mucn  longer  man  a p p a r -  

tus  of  the  pr ior   ar t .   The  heat ing  curve   of  the  ink  as  i t  

>asses  benea th   the  hea t ing   sur face   of  the  f i r s t   a p p a r a t u s   i s  

e p r e s e n t e d   by  a  chain  dot ted  line  21.  As  can  be  seen,   t h e  

e m p e r a t u r e   r i ses   f i r s t   e x p o n e n t i a l l y   and  then  slows  d o w n  

iue  to  the  p r e s e n c e   of  the  gap  8  in  the  r a d i a t i o n   s u r f a c e .  

Che  t e m p e r a t u r e   r i s e s   to  above  the  t r i g g e r i n g   t e m p e r a t u r e   18 

jut  is  p r e v e n t e d   from  r i s i n g   as  high  as  it  did  in  the  a p p a r a t u s  

jf  the  pr ior   a r t .  

rhe  length  of  the  second  a p p a r a t u s   is  r e p r e s e n t e d   by  v e r t i c a l  

line  22  and  it  can  be  seen  tha t ,   a l though   it  i n c r e a s e s   t h e  

length  of  the  a p p a r a t u s   of  the  pr ior   ar t ,   it  is  by  no  m e a n s  

as  long  as  the  f i r s t   a p p a r a t u s .   The  heat ing  curve   of  an  i n k  

pass ing   benea th   the  r a d i a t i o n   sur face   of  the  second  a p p a r a t u s  

is  r e p r e s e n t e d   by  solid  l ine  23.  It  can  be  seen  that   the  t e m p e r -  

a ture   r ise   in  the  second  a p p a r a t u s   is  i n i t i a l l y   very  s t e e p  

due  to  the  heat  emi t ted   by  the  f i r s t   r a d i a t i o n   zone  so  t h a t  

the  hea t ing   curve   is  a  s t eepe r   r ise  up  to  the  t r i g g e r i n g   t e m p e r -  

a ture   18.  However  the  p r e s e n c e   of  the  gaps  13,  12  mean  t h a t  

this   rate  of  rise  d e c r e a s e s   r a p i d l y   to  p r e v e n t   the  t e m p e r a t u r e  

from  r each ing   the  same  he igh t s   as  they  do  in  a p p a r a t u s   of 

the  p r ior   a r t .  

Figure   5  is  a  s imi la r   graph  showing  the  t e m p e r a t u r e   r ise  o v e r  

a  c o r r e c t e d   time  base .   Lines  18  and  19  again  r e p r e s e n t   t h e  

t r i g g e r i n g   t e m p e r a t u r e   and  a  n o n - s p e c i f i c   t e m p e r a t u r e   at  w h i c h  

fabr ic   d e g r a d a t i o n   may  occur .   The  t e m p e r a t u r e   r ise   in  a p p a r a t u s  

of  the  pr ior   art  is  r e p r e s e n t e d   by  curve   24,  that  of  a p p a r a t u s  

1  is  r e p r e s e n t e d   by  line  25  and  that  of  a p p a r a t u s   2  is  r e p r e s -  

ented  by  line  26. 



*.  mi  inn  a r y i n g   a p p a r a t u s   tor  d r y i n g   ink  p r i n t e d   on  
a  s u b s t r a t e   c o m p r i s i n g   a  conveyor   belt   (1)  on  which  the  p r i n t -  
ed  s u b s t r a t e   may  be  p l aced ,   the  conveyor   belt   (1)  p a s s i n g  
benea th   an  infra   red  r a d i a t i o n   emi t t ing   su r f ace   (3)  to  c o n v e y  
the  s u b s t r a t e   from  one  end  of  the  r a d i a t i o n   emi t t ing   s u r f a c e  
(3)  to  the  oppos i t e   end  of  the  r a d i a t i o n   emi t t ing   sur face   ( 3 ) ,  
the  r a d i a t i o n   emi t t ing   su r face   (3)  compr i s i ng   a  p l u r a l i t y   of 
d i s c r e t e   r a d i a t i o n   uni ts   (4),  the  ink  d ry ing   a p p a r a t u s   b e i n g  
c h a r a c t e r i s e d   in  that  the  r a d i a t i o n   emi t t ing   sur face   (3)  i s  
a r r a n g e d   such  tha t ,   at  said  one  end  of  the  r a d i a t i o n   e m i t t i n g  
sur face   (3)  there   is  s i t u a t e d   a  bank  (7)  of  r a d i a t i o n   u n i t s  
(4)  a r r a n g e d   c o n t i g u o u s l y ,   the  number   of  r a d i a t i o n   uni ts   i n  
the  bank  (7)  being  s u f f i c i e n t   to  heat  the  p r i n t e d   ink  to  a 
t e m p e r a t u r e   above  its  t r i g g e r i n g   t e m p e r a t u r e ,   and  a d j a c e n t  
the  bank  (7)  in  a  d i r e c t i o n   from  said  one  end  to  the  o t h e r  
b  gap  (8)  of  a  length  s u f f i c i e n t   to  allow  the  rate  of  t e m p e r -  
ature  r ise   to  be  slowed  down,  and  ad j acen t   said  gap  (8)  a 
f u r the r   r a d i a t i o n   unit  (9)  to  main ta in   the  t e m p e r a t u r e   of  t h e  
Ink  and  s u b s t r a t e .  

2.  A p p a r a t u s   a cco rd ing   to  Claim  1  in  which  the  r a d i a t i o n  
smit t ing  su r face   (3)  i n c l u d e s   at  least   a  second  f u r t h e r   r a d i a t i o n  
unit  -  (9)  spaced  from  its  a d j a c e n t   unit  by  a  f u r t h e r   gap  ( 8 ) .  

3.  A p p a r a t u s   a cco rd ing   to  Claim  1  or  Claim  2  f u r t h e r  
: h a r a c t e r i s e d   in  that  each  r a d i a t i o n   emi t t ing   unit  (4)  c o m p r i s e s  
l  r a d i a n t   ceramic  t i l e .  

I.  A p p a r a t u s   acco rd ing   to  Claims  2  and  3  f u r t h e r   c h a r a c t e r -  
ised  in  that  the  bank  (7)  of  the  r a d i a t i o n   un i t s   (4)  is  t h r e e  
:eramic  t i les   in  length;   the  gap  ad jacen t   the  bank  is  a  l e n g t h  
squal  to  the  length  of  '  the  ceramic  tile  and  ad j acen t   the  f u r t h e r  
■adiation  unit  there   is  a  f u r t h e r   gap  of  length  equal  to  t h e  
ength  of  a  tile  and  a  second  r a d i a t i o n   u n i t .  
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5.  A p p a r a t u s   a c c o r d i n g   to  any  one  of  the  p r e c e d i n g   c l a i m s  

f u r t h e r   c h a r a c t e r i s e d   in  that   it  is  adap ted   to  dry  p l a s t i c i s e d  

i n k s .  

6.  A p p a r a t u s   in  a c c o r d a n c e   with  Claim  2  or  any  one  of 

5  Claims  3 - 5   when  d e p e n d a n t   upon  Claim  2  in  which  the  t o t a l  

length  of  all  the  gaps  (8)  in  the  r a d i a t i o n   emi t t ing   s u r f a c e  

(3)  is  equal   to  the  total  length   of  all  the  f u r t h e r   r a d i a t i o n  

uni t s   (9)  s e p a r a t e d   from  the  bank  ( 7 ) .  

7.  An  ink  d ry ing   a p p a r a t u s   for  d ry ing   ink  p r i n t e d   on 

10  a  s u b s t r a t e ,   compr i s ing   a  conveyor   belt   (1)  on  which  t h e  

p r i n t e d   s u b s t r a t e   may  be  p l a c e d ,   the  conveyor   bel t   (1)  p a s s i n g  

benea th   an  infra  red  r a d i a t i o n   emi t t ing   su r face   (3)  to  c o n v e y  

the  s u b s t r a t e   from  one  end  of  the  r a d i a t i o n   emi t t ing   s u r f a c e  

(3)  to  the  oppos i t e   end  of  the  r a d i a t i o n   emi t t ing   sur face   (3)  

15  c h a r a c t e r i s e d   in  that  the  r a d i a t i o n   emi t t ing   su r face   (3)  i n c l u d e s  

at  said  one  end  a  f i r s t   r a d i a t i o n   zone  (4A)  c o m p r i s i n g   at  l e a s t  

one  r a d i a t i o n   unit   a r r a n g e d   to  emit  infra   red  r a d i a t i o n   p r e -  

d o m i n a n t l y   with  a  w a v e l e n g t h   of  less  than  3.5  jxm,  and  i n  

the  peak  a b s o r p t i o n   range  of  the  s u b s t r a t e ,   and  a  second  r a d -  

20  iat ion  zone  (4B)  spaced  from  the  f i r s t   r a d i a t i o n   zone  4A  i n  

a  d i r e c t i o n   from  said  one  end  to  the  other   end,   the  s e c o n d  

r a d i a t i o n   zone  (4B)  i n c l u d i n g   at  least  two  d i s c r e t e   r a d i a t i o n  

uni t s   (10  and  11)  s e p a r a t e d   by  a  gap  (12),   each  unit  (10 

and  11)  w i th in   said  second  zone  (4B)  being  a r r a n g e d   to  e m i t  

25  infra   red  r a d i a t i o n   p r e d o m i n a n t l y   of  a  w a v e l e n g t h   g rea te r   t h a n  

3.5  p   and  wi th in   the  peak  a b s o r p t i o n   range  of  the  i n k .  

8.  A p p a r a t u s   in  a c c o r d a n c e   with  Claim  7  and  f u r t h e r  

c h a r a c t e r i s e d   in  that  each  r a d i a t i o n   emi t t ing   unit   of  the  r a d -  

iat ion  emi t t ing   surface   (3)  c o m p r i s e s   a  r a d i a n t   ceramic  t i l e ,  

30  the  ceramic  t i les   in  the  f i r s t   r a d i a t i o n   zone  being  heated  to 

a  h igher   t e m p e r a t u r e   than  the  t e m p e r a t u r e   to  which   the  t i l e s  

of  the  second  r a d i a t i o n   zone  are  h e a t e d .  

9.  A p p a r a t u s   a cco rd ing   to  Claim  8,  f u r t h e r   c h a r a c t e r i s e d  

in  that  the  length  of  the  gap  between  the  f i r s t   and  s e c o n d  
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r a d i a t i o n   zones  is  equal   to  the  length  of  the  gap  b e t w e e n  
the  two  d i s c r e t e   un i t s   of  the  second  r a d i a t i o n   z o n e .  

10.  A p p a r a t u s   in  a c c o r d a n c e   with  any  one  of  the  p r e c e d i n g  
claims  f u r t h e r   c h a r a c t e r i s e d   in  that  the  r a d i a t i o n   uni ts   a r e c e r a m -  

5  ic  t i les   which  are  mounted  in  pa i r s   upon  s t a i n l e s s   s t e e l  
r e f l e c t o r s   which  are,   in  t u r n ,   mounted  upon  s u p p o r t i n g   r a i l s  
to  allow  movement  of  the  t i les   along  the  s u p p o r t i n g   r a i l s   to  

change  the  spac ing   if  r e q u i r e d .  
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