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©  Dye  pattern  absorption  into  plastics. 
  Method,  apparatus  and  product  are  provided  for  absorp- 
tion  of  a  dye  pattern  on  and  below  the  surface  of  a  plastic 
article  including  webs  wherein  one  or  more  disposed  dyes 
are  applied  to  the  surface  of  the  article  in  a  desired  pattern. 
Sufficient  subliming  energy  by  application  of  heat  or  applica- 
tion  of  radio  frequency  waves  to  the  dye  deposited  or  printed 
surface  of  the  plastic  article,  sufficient  to  heat  the  dyes  to  a 
sublimation  temperature  therefor  causes  the  dyes  and  dye 
pattern  to  sublime  on  and  below  the  surface  of  the  plastic 
article. 

Also  provided  is  a  method  for  laminating  or  fusing  the 
reverse  side  of the  plastic  article  to  a  substrate  during  the  dye 
sublimation  process. 

Also  provided  is  a  method  for  thermoforming  the  plastic 
article  during  or  after  the  dye  sublimation  process. 

Further  provided  is  a  decorated  plastic  article  having  a 
substantially  non-porous  surface  penetrated  with  dispersed 
dyes  therein  in  a  pattern,  said  pattern  being  durable  against 
weathering.  The  article  can  be  of  thermoplastic  or  thermo-set 
plastic. 



This  i n v e n t i o n   r e l a t e s ' t o   dye  absorp t ion   i n t o  p l a s t i c s ,  

p a r t i c u l a r l y   dye  a b s o r p t i o n   on,  into  and  below  p l a s t i c  

s u r f a c e s .  

Dye  d e c o r a t i n g   and  p r i n t i n g   on  p l a s t i c   s u r f a c e s   has  

f r e q u e n t l y   been  a t t empted   with  varying  degrees  of  s u c c e s s .  

Surface  p r in t ing   of  p las t i c   a r t i c l e s ,   eg.  commercial  signs,  i s  

done  commercially  with  the  drawback  that  surface  pr int ing  and 

decoration  i s   subject  to  wear  and/or  chipping  and  fading  a f t e r  

severa l   weeks  exposure  to  the  weather  inc ludinq   the  sun.  

Attempts  have  been'made  to  dye  decora te   and  p r i n t   p l a s t i c s  

below  the  surface  thereof  with  sublimable  dyes;  see  for  example 

USP  3,860,388  to  Haigh  (1975)  and  UhP  4,059,471  also  to  Haigh 

(1977),   which  p a t e n t s   r e l a t e   to  dye  a b s o r p t i o n   i n t o  

thermoplas t ics   and  thermo-set  p l a s t i c s .  

In  a  p r ev ious   p r ior   art  process   for  t e x t i l e   or  f a b r i c  

d e c o r a t i n g ,   s u b l i m a t i o n   dyes  are  p r in ted   on  paper,  e.g.,  i n  

p a t t e r n s ,   known  as  heat  t r a n s f e r   paper.  The  heat  t r a n s f e r  

paper  is  p laced  e.g.  aga ins t   drapes  or  wall  paper  and  h e a t  

appl ied ,   which  causes  the  dyes  to  sublime  from  the  h e a t  

t r a n s f e r   paper  to  form  clear   dye  p a t t e r n s   in  the  drapes   o r  

wal lpaper   (or  o ther   f a b r i c ) .   However,  if  such  process   i s  

attempted  with  p l a s t i c   sheet  as  the  dye  receptor  surface,  upon 

a p p l i c a t i o n   of  heat  and  p r e s su re ,   the  heat  t r a n s f e r   p a p e r  

adheres  to  the  heat-sof tened  p las t i c ,   since  the  heat  r e q u i r e d  

to  sublime  the  dyes  is  of ten  s u f f i c i e n t   to  sof ten  the  p l a s t i c  

surface,  to  the  detriment  of  the  end  product .  

The  above  prior  art  patents,   however,  disclose  a  s o l u t i o n  

to  the  above  problem  by  i n t e r p o s i n g   a  p o l y o l c f i n   s e p a r a t o r  

sheet  between  the  heat  t r a n s f e r   paper  and  the  dye  r e c e p t o r  

p l a s t i c   su r f ace .   Heat  and  p ressure   are  applied  as  more  f u l l y  

discussed  below,  which  causes  the  dyes  from  the  heat  t r a n s f e r  



paper  to  subl ime  through  the  s epa ra to r   sheet  and  on  and  i n t o  

the  r ecep tor   p l a s t i c   sheet  in  a  clear  pat tern.   The  sheets  a re  

then  cooled  and  the  t ransfer   paper  and  separator   sheet  removed 

from  the  r e c e p t o r   p l a s t i c   sheet  and  a  dye  decora ted   p l a s t i c  

sheet  is  o b t a i n e d .  

However,  while  the  above  prior  art  process  is  s u c c e s s f u l  

in  t r a n s f e r r - i n g   c lear   dye  p a t t e r n s   on  and  below  p l a s t i c  

s u r f a c e s ,   it  r e q u i r e s   the  p r e p a r a t i o n   of  the  above  h e a t  

t r a n s f e r   papers   and  the  p o s i t i o n i n g   of  s u i t a b l e   i n t e r m e d i a t e  

s e p a r a t o r   shee t s   between  the  h e a t  · t r a n s f e r   paper  and  t h e  

p l a s t i c   r e c e p t o r   sur face   which  acco rd ing ly   adds  s t eps ,   d e l a y  

and  expense  to  ob t a in ing   the  dye  decora ted   and/or   p r i n t e d  

p l a s t i c   end  product .  

Acco rd ing ly   there   is  a  need  and  market  for  an  advance  in  

the  dye  absorpt ion  decorating  and  printing  of  p l a s t i c   p roducts  

which  omits  cer ta in   of  the  above  process  steps,  which  speeds  up 
the  dye  a b s o r p t i o n   p rocess ,   reduces  the  cost  thereof   and  even 

o b t a i n s   g r e a t e r   c l a r i t y   and  d e f i n i t i o n   of  dye  d e c o r a t e d  

p r o d u c t s .  

There  has  now  been  discovered  a  method  for  dye  abso rp t ion  

d e c o r a t i o n   of  p l a s t i c   a r t i c l e s   wherein  a  s e p a r a t o r   sheet   i s  

omitted  and  pa t te rns   of  dispersed  dyes  are  t r ans fe r red   on  and 

below  the  surface  of  a  p l a s t i c  a r t i c l e   in  clear  vivid  p a t t e r n s .  

Moreover  the  dyes  penetrate  below  the  above  p l a s t i c   surface  in 

g r e a t e r   c o n c e n t r a t i o n s   than  p rev ious ly   p o s s i b l e   with  an 

i n t e r v e n i n g   s e p a r a t o r   s h e e t ,   to  p roduce   a  dye  d e c o r a t e d  

p l a s t i c ,   with  wearproof  design  of  improved  c l a r i t y ,   d e f i n i t i o n  

and  i n t e n s i t y .  

Broadly  the  present   invent ion  provides   a  method  f o r  

t r a n s f e r r i n g   a  dye  pa t t e rn   on  and  below  the  sur face   of  a 

p l a s t i c   a r t i c l e   comprising  applying  one  or  more  dispersed  dyes 

in  a  des i red   pat tern  to  the  surface  of  the  p las t i c   a r t i c l e   and 

apply ing   s u f f i c i e n t   subliming  energy  to  such  a r t i c l e   and  the  



dyes  to  s u b l i m e   a  s u b s t a n t i a l   portion  of  the  dyes  on  and  below 

the  surface  of  the  p las t i c   a r t i c l e .  

In  one  embodiment  of  the  method  of  the  i n v e n t i o n ,   h e a t  

e n e r g y  i s   applied  to  the  p l a s t i c   a r t i c l e   to  heat  such  a r t i c l e  

to  sublime  the  dyes  into  the  p las t ic   as  a f o r e s a i d .  

In  another  method  embodying  the  invention,  radio  frequency 

eneray  is  appl ied  to  the  p l a s t i c   a r t i c l e   to  heat  such  a r t i c l e  

s u f f i c i e n t l y . t o   sublime  the  dyes  on  and  below  the  su r f ace   o f  

the  p l a s t i c   a r t i c l e   as  a f o r e s a i d .  

In  o the r   methods  of  the  i n v e n t i o n ,   the  p r i n t e d   dye 

r e c e p t o r   is  l aminated   or  fused  to  a  s u b s t r a t e   or  i s s u i n g  

extrudate   during  the  dye  sublimation  p rocess .  

In  another   method  of  the  invent ion ,   the  p r i n t ed   dye 

receptor   is  molded  during  or  after   the  dye  sublimation  p roces s .  
The  invention  further  provides  decorated  p l a s t i c   a r t i c l e s ,  

including  molded  a r t i c l e s   and  webs,  having  a  surface  p e n e t r a t e d  

with  dispersed  dyes  in  a  p a t t e r n .  

By  "subliminq  energy",  as  used  herein  is  meant,  s u f f i c i e n t  

energy  appl ied  to  the  dye  r ecep to r   d i s c losed   he re in ,   to  cause  

such  dyes  to  vaporize  or  sublime  and  to  cause  the  dye  r e cep to r  

to  become  suscept ible   to  penetrat ion  by  the  sublimed  dyes. 

The  invention  will  become  more  apparent  from  the  fo l lowing 

de ta i led   spec i f i ca t ion   and  drawing  in  which; 

Figures   1  and  2  are  p a r t i a l   e l eva t ion   views  of  a p p a r a t u s  

employed  in  a  dye  t ransfer   process  of  the  prior  a r t ;  

Figure  3  is  a  p a r t i a l   e l eva t ion   view  of  a  dye  p r i n t i n g  

a p p a r a t u s   employed  in  the  method  embodying  the  p r e s e n t  

i nven t ion ;  

Figure  4  i s   a  p a r t i a l   e l eva t ion   view  of  a  dye  t r a n s f e r  

appara tus   employed  in  the  dye  t r a n s f e r   method  embodying  the  

present  invent ion;  

Figure  5  is  a  par t ia l   elevation  view  of  another  appara tus  

employed  in  the  dye  t ransfer   method  re la t ive   to  the  appara tus  
of  Figure  4; 



Figure  6  is  a  par t ia l   e levat ion  view  of  another  appara tus  

employed  in  another   embodiment  of  the  dye  t r a n s f e r   method  of  

the  present  i nven t ion ;  

Figure  7  is  a  f r agmen ta ry   e l e v a t i o n   view  o f . a n o t h e r   dye 

t ransfer   method  embodying  the  inven t ion ;  

F igu re   8  is  a  f r a g m e n t a r y   e l e v a t i o n   view  of  a  dye 

penetrated  a r t i c l e   of  the  present  i nven t ion ;  

Figure  9'  is  a  plan  view  of  a  dye  pat tern  absorbed  p l a s t i c  

a r t i c l e ;  

F igures   10  and  11  are  schemat ic   e l e v a t i o n   views  of  o t h e r  

dye  t r a n s f e r   a p p a r a t u s   employed  in  the  dye  t r a n s f e r   methods 

embodying  the  present  inven t ion ;  

F i g u r e   12  is  a  s c h e m a t i c   e l e v a t i o n   view  of  a n o t h e r  

embodiment of  the  dye  t ransfer   method  of  the  present  i n v e n t i o n ;  

F igu re   13  is  a  s c h e m a t i c   e l e v a t i o n   view  of  a n o t h e r  

embodiment  of  the  dye  t ransfer   method  of  the  present  invent ion;  

Figure  14  is  a  schemat ic   p a r t i a l   e l e v a t i o n   view  of  s t i l l  

another  embodiment  of  the  dye  t rans fe r   method  of  the  inven t ion ;  

Figures  15  and  16  are  pa r t i a l   sect ional   e levat ion  views  of 

another   method  embodying  the  dye  t r a n s f e r   me thod  o f   the  

invention;  and 

Figure  17  is  an  e l e v a t i o n   view  of  a  p l a s t i c   product   made 

by  the  dye  t r ans fe r   method  of  the  present  i n v e n t i o n .  

Referring  in  more  deta i l   to  the  drawings,  the  above  p r i o r  

art  p a t e n t s   d i s c l o s e   a  method  for  t r a n s f e r r i n g   p a t t e r n s   of  

d i s p e r s e d   dyes  to  a  p l a s t i c   dye  r ecep to r   by  i n t e r p o s i n g   a 

s e p a r a t o r   sheet   between  a  heat  t r a n s f e r   paper  and  the  dye 

receptor  p l a s t i c   web,  as  shown  or  indicated  in  Figures  1  and  2. 

Accordingly  polyethelene  separator  sheet  12  is  placed  between 

heat  t r ans fe r   paper  10  and  dye  receptor  p las t i c   web  14,  between 

the  p l a t e s   16  and  18  of  the  press  20,  as  shown  in  Fioure  1. 

The  press  is  closed  to  press  the  above  sheets  together,   e.g.  at  

10  psig  and  t e m p e r a t u r e s   of  over  230°  F  are  app l i ed ,   which 



causes  the  dyes  to  sublime  from  the  heat  t r a n s f e r   paper  10 

through  the  s epa ra to r   sheet  12  and  on  and  into  the  r e c e p t o r  

p l a s t i c   web  14  in  a  c l e a r l y   def ined  p a t t e r n .   The  sheets   a r e  

then  cooled  in  place  or  t r a n s f e r r e d   to  a  coolinq  s t a t i on   eg.  
s t a t i o n   22,  shown  in  Figure  2;  the  t r a n s f e r   paper  10  and  t h e  

separator   sheet  12  are  removed  from  the  receptor  p las t ic   web  14 

and  a  decorated  p las t ic   with  a  pat tern  which  penetrates   below 

the  su r face  the reo f   is  ob ta ined .  

As.noted  above,  the  present  invention  is  an  improvement  on 

the  above  process   in  that   c e r t a i n   of  the  above  steps  a r e  

omitted  and  such  process  is  speeded-up.  Accordingly,  the  heat  

t r ans fe r   paper  is  omitted  and  the  pr in t ing   plate  24,  carrying  a 

de s i r ed   p a t t e r n   25  thereon ,   eg.  a  photo- image   or  a  raised  o r  

grooved  image,  is  coated  with  selected  d ispersable   dyes  (eg.  by 

brush,   pad,  r o l l e r   or  o ther   means  known  in  the  art)  and  t h e  

coated  p a t t e r n   25  is  lowered  into  d i r e c t   contac t   with  t h e  

surface  of  a  p las t ic   a r t i c l e   e.g.  p l a s t i c   receptor  sheet  26,  on 

support  member  28,  as  shown  in  Figure  3  to  print  the  r e s u l t i n g  

dye  p a t t e r n   on  the  su r face   t h e r e o f .   The  p la te   24. is  then  

raised  above  the  printed  sheet  26.  At  this  point  i f . d e s i r e d ,  

a d d i t i o n a l   dyes  can  be  added  to  the  same  or  a  d i f f e r e n t   p a t t e r n  

on  the  p la te   24  and  the  p l a t e   can  be  indexed  to  pr in t   in  t h e  

same  or  a  d i f fe ren t   location  on  the  sheet  26,  and  the  plate  24 

is  again  lowered  to  further  print   a  dye  pat tern  on  the  su r face  

of  the  receptor  sheet  26. 

The  s o - p r i n t e d   p l a s t i c   sheet   26  is  then  a d v a n t a g e o u s l y  

placed  between  a  pair  of  inert   release  sheets  34  and  36,  which 

shee ts   are  then  placed  between  the  p l a t e s   30  and  32  of  t he  

heating  press  33,  as  shown  in  Figure  4.  The  release  sheets  34 

and  36  are  of  inert  material   eq.,  po ly t e t r a f l uo roe thy l ene   known 

as  tef lon,   which  release  sheets  serve  to  confine  the  vaporized 

or  sublimed  dyes  and  d i r e c t   them  into  the  r ecep to r   sheet  26  f o r  

v i r t u a l l y   complete  dye  t r a n s f e r   and  abso rp t ion   into  t h e  

r e c e p t o r   sheet  26.  The  r e l ea se   shee ts   fu r the r   a s s i s t   t he  

removal  of  the  dye  absorbed  r ecep to r   sheet  26  from  the  press  33 

a f t e r   such  dye  t r a n s f e r   step.  The  press  33  is  closed  e.q.  by 



lowering  the  plate  32  into  contact  with  the  upper  release  shee t  

34  of  the  three  sheet  assembly  29,  which  assembly  29  res ts   on 

support   p la te   30,  to  apply  a  p r e s s u r e ,   of  e.g.  30  ps ig   and 

heat,  e.g.  at  400°  F  for  about  t h i r ty   seconds,  which  causes  the 

dyes  to  quickly  sublime  on  and  into  the  p l a s t i c   receptor  sheet  

26  in  a  c lear ly   defined  pat tern .   The  so-decorated  sheet  26  i s  

then  e i t h e r   cooled  in  place  or  t r a n s f e r r e d   with  said  r e l e a s e  

shee t s ,   to  a  c o o l i n g   s t a t i o n   e.g.  cool ing  press   38,  having 

cooled  p l a t e s   37  and  39  as  shown  in  Figure  5,  which  p l a t e s  

des i rab ly   close  on  the  three  sheet  assembly  dur ing the   cooling 

step.  The  p l a s t i c   is  cooled  below  its  softening  temperature ,  

e.g.  200°  F,  the  press  38  is  opened,  the  r e l e a s e   s h e e t s  

removed  and  a  decorated  p l a s t i c   product  with  c lear ly   def ined ,  

wea r -p roo f   desiqn  is  o b t a i n e d ,   e.g.  product   42  having  d e s i g n  

44,  as  shown  in  Figure  9. 

The  s teps   shown in  Figures   3,  4,  and  5  can  take  place  in 

about  t h i r t y   seconds  each.  

In  another  embodiment  of  the  method  of  dye  absorption  in to  

p l a s t i c s   of  the  i n v e n t i o n ,   the  p l a s t i c   r e c e p t o r   sheet  26, 

p r i n t e d   on  i t s   sur face   with  dyes  as  shown  and  d i scussed   above 

r e l a t i v e   to  Figure  3,  is  placed  in  a  d i e l e c t r i c   heater   or  RF 

press  40,  which  emits   radio   f r e q u e n c y  w a v e s   which  heat  a 

d i e l e c t r i c ,   ie.  the  dye  receptor   sheet  26,  to  a  dye  subl imat ion  

t e m p e r a t u r e ,   as  i n d i c a t e d   in  Fiqure  6.  Accordingly ,   the  

r e c e p t o r   sheet   26  is  placed  between  a  brass   p l a t e   51,  above,  

and  a  B a k e l i t e   pad  53  below,  which  p l a t e   51  and  pad  53  a r e  

s l i g h t l y   l a rge r   in  area  than  the  r e c e p t o r   sheet   26  and  t he  

three  l aye r s   are  placed  in  the  RF  press   40  between  the  two 

e l e c t r o d e s   or  p l a t e s   55  and  57  of  such  press  40,  as  shown  in 

Figure  6.  The  lower  p l a t e   57  advan tageous ly   has  a  r e s i l i e n t  

pad  59  mounted  thereon,   as  shown  in  Figure  6.  The  p la tes   a r e  

connected  by  conductors  61  and  63  to  a  power  source  of  eg  2-90 

megahertz   (mHz)  produced  by  a  high  f requency  o s c i l l a t o r   (not  

shown).  The  brass  plate  51  serves  to  uniformly  d i s t r ibu te   the 

RF  waves  through  the  receptor  sheet  26  and  the  Bakelite  pad  53 



prevents  the  PF  waves  from  penetrating  and  damaginq  the  lower 

p la te   57. 

The  B a k e l i t e   pad  is  an  i n e r t   p l a s t i c   pad  of  eg 

polyethylene,   ABS  or  other  inert  p las t ic   b a r r i e r .  

Radio  f requency  s igna l s   of  about  2  to  90  mBz  at  about  .1 

to  .5  kw/sq.  in.  across  the  area  of  the  sheet  are  generated  for  

1  to  12  seconds ,   which  heats  up  the  sur face   of  the  p l a s t i c  

r e c e p t o r   sheet   26  to  s u f f i c i e n t l y   heat  the  dyes  to  subl ime  on 

and  b e l o w  t h e   su r face   of  said  recep tor   again  in  a  c l e a r l y  

def ined  p a t t e r n ,   as  i nd ica ted   in  Figure  6.  The  s o - d e c o r a t e d  

receptor  sheet  26 is  then  ei ther  cooled  in-place  or  t r a n s f e r r e d  

e.g.,  with  a  cover  sheet  eq  of  t e f lon   (not  shown)  and  t he  

Bake l i t e   pad  53,  to  a  cooling  s t a t i o n ,   eg.,  s t a t i o n   38,  shown 

in  Figure  5.  The  p l a s t i c   sheet  26  is  cooled,  as  d i s c u s s e d  

above,  to  ob ta in   the  dye-absorbed  p l a s t i c   p roduc t ,   e . g . ,  

product  42  having  design  44,  shown  in  Figure  9. 

If  desired  a  pair  of  teflon  release  sheets  (not  shown)  can 

be  placed  above  and  beJow  the  receptor  sheet  26,  i.e.,  between 

said  sheet   26  and  the  brass  p la te   51  above,  and  between  s a i d  

sheet  26  and the  Bake l i t e   pad  53  below.  However,  it  has  been 

found  that  the  brass   p la te   51  and  the  Bake l i t e   pad  53,  in 

f lanking   the  dye  r ecep to r   sheet  26  serve  also  to  conf ine   t he  

sublimed  dyes  the rebe tween   in  said  sheet  26.  Fur ther   t he  

nature  of  the  RF  energy  appl ied  to  the  molecu les   of  t he  

receptor  sheet  26,  a t t r a c t s   the  sublimed  dyes  into  said  s h e e t ,  

markedly  reducing  the  tendency  of  such  sublimed  dyes  to  escape.  

It  is  f r e q u e n t l y   des i red   to  obtain   a  dye  d e c o r a t e d   end 

product  of  g r e a t e r   t h i c k n e s s ,   depending  upon  the  s t r u c t u r a l  

r e q u i r e m e n t s   of  the  end  p r o d u c t .   A c c o r d i n g l y   it  i s  

advantageous   to  p o s i t i o n   a  dye  p r in ted   r e c e p t o r   web  atop  a 

s u b s t r a t e   web  so  as  to  use  one  heat  and  p r e s s u r e   step  to  

sublime  the  dye  p a t t e r n   into  the  upper  web  whilc  fusing  or  

l amina t ing   the  upper  web  to  the  s u b s t r a t e   or  lower  web  in  one 

step.  Accordingly,  the  dye-printed  p las t i c   receptor  sheet  26, 

p o s i t i o n e d  a t o p   s u b s t r a t e   or  sublayer   p l a s t i c   sheet  27,  a r e  

both  placed  between  re lease   sheets   29  and  31  and  such  s h e e t  



assembly  is  p l aced ,   in  turn,   between  the  p l a t e s   41  and  43  o f  

dye  t r a n s f e r   s t a t i o n   39,  as  shown  in  Figure  7.  The  s h e e t  

assembly  can  accordingly   be  inserted  between  the  platps  30  and 

32  of  t h e r m o - p r e s s   33,  shown  in  Figure  4  or  between the   p l a t e s  

of  radio  frequency  s t a t ion   40,  shown  in  Figure  6,  the  assembly 

being  heated  to  sublime  the  dyes  into  the  upper  sheet  26  whi le  

l amina t ing   said  sheet   26  to  the  s u b s t r a t e   27.  The  so-bonded  

product   with  i t s   r e l e a s e   sheets   29  and  31,  can  be  e i t h e r  

cooled  i n - p l a c e   or  e.g.  between  the  p l a t e s   of  the  c o o l i n g  

s t a t i o n   38  of  Figure   5  and  the  r e l ease   shee ts   s e p a r a t e d  

t he r e f rom,   to  o b t a i n   the  fused  or  laminated   p l a s t i c ,   d y e -  

absorbed  product  45,  shown  in  Figure  8. 

In  other  methods  embodying  the  present  invention,  at  l e a s t  

some  of  which  have  con t inuous   dye  p r i n t i n g   or  dye  t r a n s f e r  

fea tures ,   a  continous  sheet  of  dye  receptor  p l a s t i c   50,  i s s u e s  

from  a  feed  ro l l   52,  through  the  d y e - d e p o s i t i n g   or  p r i n t i n g  

s t a t i o n   54,  around  a  guide  rol l   56,  to  a wind up  roll   58,  as  

shown  in  Figure  10.  In  the  d y e - d e p o s i t i n g  s t a t i o n   is  an  ink 

applying  ro l l   60,  in  con tac t   with  the  pa t t e rn   p r i n t i n g   r o l l  

62,  which  r o t a t e s   into  contact  with  the  dye  receptor  p l a s t i c  

sheet   50,  as  it  passes   through  the  nip  of  the  p a t t e r n   ro l l   62, 

and  the  i m p r e s s i o n   r o l l   64,  which  forms  a  p r e s s u r e   n i p  

t h e r e w i t h   and  a s s i s t s   the  t r a n s f e r   of  a  dye  p a t t e r n   from  t h e  

p a t t e r n   ro l l   to  the  p l a s t i c   web  50  and  the  s o - p r i n t e d   dye 

pat tern  dries  on  the  web,.  in  air  or  by  drying  means  not  shown, 

en  route  to  wind-up  on  the  ro l l   58,  as  i nd i ca t ed   in  Figure  10. 

In  a  r e l a t e d   p r o c e s s ,   p l a s t i c   sheet  66  from  a  s t ack   o f  

such  sheets   68  is  passed  through  a  p r i n t i n g   s t a t i o n   70,  d r i e d  

e.c.  in  air   or  at  a  drying  s t a t i o n   not  shown,  and  s tacked  w i t h  

other   p r i n t e d   dye  p a t t e r n   sheets   in  a  stack  72,  as  shown  in 

Figure  11.  The  p r i n t i n g   s t a t i o n   70  includes  one  or  more  dye 

applying  ro l l s   74  which  d i s t r i b u t e s   dyes  on  a  p a t t e r n - b e a r i n g  

rol l   76,  the  so - fo rmed   dye  pa t te rn   being  t r a n s f e r r e d   to  an 

intermediate   or  o f fse t   roll  78,  which  prints  or  deposits  the 

dye  p a t t e r n   on  the  p l a s t i c   sheet  66  as  it  passes  through  t he  



nip  of  the  o f f s e t   roll   78  and  the  c o - r o t a t i n g   i m p r e s s i o n   r o l l  

80,  as  shown  in  Figure  11. 

In  another  dye  t ransfer   process  embodying  the  i n v e n t i o n ,  

having  an  i n t e r m i t t e n t   o p e r a t i o n ,   p l a s t i c   dye .  r ecep to r   s h e e t  

82,  having  a  dye  p a t t e r n ' p r i n t e d   thereon,   p o s i t i o n e d   be tween  

t e f l o n   r e l e a s e   sheets   84  and  86  ride  on  end less   be l t   88, 

between  the  p l a t ens   90  and  92,  of  a  thermal  press   94,  as  

shown in   Figure  12.  The  lower  p la ten  92  a d v a n t a g e o u s l y   i s  

s t a t i o n a r y   and  has  a  f l e x i b l e   pad  93  covering  the  major  part  o f  

i t s   upper  su r f ace   and  both  p l a t ens   90  and  92  have  hea t i ng   means 

t h e r e i n ,   e.g.  e l e c t r i c   h e a t i n q   c o i l s ,   (not  shown) ,   f o r  

c o n t r o l l i n g   the  t empera tu re   thereof .   The  upper  p l a t e n   90  i s  

r a i s e d   and  lowered  agains t   the  lower  p la ten ,   by  means  n o t  

shown,  to  o b t a i n   the  d e s i r e d   p r e s s u r e   t h e r e b e t w e e n ,   a s  

indicated  in  Figure  12. 

Spaced  from  the  heat ing  press  94,  is  cool ing  p ress   96, 

having  an  upper  platen  98  and  lower  platen  100,  advan tageous ly  

surmounted  with  a  surf-ace  pad  102,  as  shown  in  Figure  12.  The 

upper  and  lower  platens  are  cooled  e.g.  by  l iquid  co i l s   mounted 

therein   (not  shown)  and  the  upper  platen  98  is  moveable  up  and 

down  r e l a t i v e   to  the  s ta t ionary   lower  platen  100,  to  adjus t   the 

p r e s s u r e   t he rebe tween   as  des i r ed .   The  endless   be l t   88  i s  

r o t a t e d   and  stopped  as  d e s i r e d ,   by  means  not  shown,  which 

accordingly  moves  the  pr in ted   dye  receptor  p l a s t i c   sheet  82  and 

i t s   r e l e a s e   shee t s   84  and  86  into  and  through  the  h e a t i n g   and 

cooling  s t a t i ons   94  and  96,  as  des i r ed .  

In  o p e r a t i o n ,   the  dye  r ecep tor   p l a s t i c   sheet  82  and  t he  

r e l e a s e   shee t s   84  and  86  are  advanced  on  the  bel l   b e t w e e n  

p l a t e n s   90  and  92  of  the  heat ing  s t a t i o n   94.  One  or  both  of  

the  p l a t e n s   eg  the  upper  p la ten  90,  is  heated  to  the  d e s i r e d  

t e m p e r a t u r e   eg  350°  F,  and  the  upper  p la ten   is  l o w e r e d ,  

compressing  the  sheets  84,  82  and  86  against  the  now  s t a t i o n a r y  

belt  88,  the  press  d i s t r i bu t i on   pad  93  and  the  lower  platen  92, 

at  e.q.  30  psiq,   for  a  des i red   period,   e.g.  30  seconds ,   a f t e r  

which  the  p l a t e n   90  is  r a i s e d   and  the  e n d l e s s   be l t   88 

r eac t iva ted   to  move  the  p las t i c   sheet  82  and  release  shee t s   84 



and  86  into  the  cooling  s ta t ion  96,  between  the  platens  98  and 

100.  The  belt  88  then  stops  and  the  upper  platen  98  is  lowered 

i n t o  p r e s s u r e   contact   with  said  3  sheets  at  a  desired  p r e s s u r e ,  

e.g.,  of  10  psig  and  cool ing  l iquid   at  eg  40° F,  is  c i r c u l a t e d  

through  the  coi ls   (not  shown)  of  at  least  the  upper  platen  98, 

to  cool  the  dye  absorbed  p las t ic   sheet  for  the  desired  pe r iod ,  

e.g.  30 . seconds .   The  p la ten   98  is  ra ised  and  the  end le s s   b e l t  

88  is  a c t i v a t e d   to  advance  the  3  sheets   out  of  the  c o o l i n g  

s t a t i o n   to  near  the  end  of  the  endless   be l t .   The  r e l e a s e  

shee t s   84  and  86  are  then  removed  to  obta in   the  dye  p a t t e r n  

absorbed  p l a s t i c   sheet   83,  as  shown  or  i nd i ca t ed   in  Figure  12 

and  the  cycle  is  r epea t ed   for  success ive   dye  p r i n t e d   p l a s t i c  

s h e e t s .  

It  wi l l   be  r ecogn ized   that  the  p la ten   90  of  the  h e a t i n g  

s t a t ion   94,  shown  in  Figure  12,  need  not  exert  pressure  on  the  

p l a s t i c   r e c e p t o r   sheet   82  and  the  r e l ea se   shee ts   84  and  R6, 

provided  s u f f i c i e n t   heat  of  sublimation  is  supplied  to  the  dye 

p r i n t e d   r e c e p t o r   sheet   82.  However,  the  p la ten   90  p r e f e r a b l y  

does  c lose   on  such  l aye r s   to  apply  heat  and  p r e s su re   t h e r e t o  

for  c lose   uniform  thermal   con tac t ,   a  reduced  hea t inq   p e r i o d ,  

and  shape  control  of  the  sheet  82  to  effect   the  dye  abso rp t ion  

of  the  invention.   S imi l i a r ly   the  dye-absorbed  receptor   shee t  

may  p a s s i v e l y   cool  in  air   or  between  the  p l a t e n s   of  the  p r e s s  

of  the  cooling  s t a t i o n s ,   eg  cooling  s tat ion  96,  shown  in  Figure 

12,  which  p l a t e n s   can  be open  but  are  p r e f e r a b l y   c losed  for  a 

shorter   cooling  dwell  time  and  shape  control  of  the  dye  p a t t e r n  

absorbed  p l a s t i c   sheet.  Further  the  heating  s ta t ion   94,  shown 

in  Figure  12,  can  be  replaced  with  a  d i e l e c t r i c   heater  eg  rad io  

f requency   s t a t i o n   40  shown  in  Figure  6,  in  which  the  e n d l e s s  

belt   and  dye  r e c e p t o r   p l a s t i c   82  and  r e l ease   shee t s   84  and  86 

pass  between  the  spaced  p la tes   of  such  RF  s t a t i o n   40,  as  

i n d i c a t e d   in  F igures   6  and  12.  Advantageously,   the  bel t   and 

such  t r i - s h e e t   assembly  are  stopped  and  the  RF  p l a t e s   c l o s e d  

thereon  eg  at  30  psig  during  the  PF  heating  s t ep .  

In  a  more  continuous  process  of  the  dye  t ransfer   method  of 



the  p re sen t   i nven t ion ,   endless  be l t s   of  t e f lon   104  and  106 

t r ave l   between  the  p la tens   of  the  hea t ing   stage  108  and  t h e  

cool ing   s tage  110  as  shown  in  Figure  13.  The  heating  s t a t i o n  

108  can  be  a  thermal  press,  such  as  heating  staqe  94  desc r ibed  

above  with  respec t   to  Figure  12  or  can  be  a  radio  f r e q u e n c y  

t r a n s m i t t e r ,   such  as  RF  s t a t i o n   40  shown  in  Figure  6.  The 

cooling  stage  110  can  be  a  cooling  press  such  as  cooling  p r e s s  

96,  described  above  in  reference  to  Figure  12.  In  this  method 

of  the  i nven t ion ,   dye  p a t t e r n   p r in t ed   p l a s t i c   web  112  i s s u e s  

from  a  roll  114,  in  close  contact  with  the  nip  of  the  end less  

b e l t s   104  and  106,  as  ind ica ted   in  Fiqure  13.  The  dye  p a t t e r n  

p r i n t e d   p l a s t i c   sheet  112  and  the  end le s s   be l t s   104  and  106, 

s top  for  eg  30  seconds  at  the  heat ing  s t a t i o n   108,  where  h e a t  

or  heat  and  pressure  (closed  press)  are  applied  to  sublime  the  

pr inted  dyes  into  the  p las t ic   web.  The  heated  dye  absorbed  web 

and  end less   t e f lon   be l t s   104  and  106  are  then  advanced  to  t h e  

cool ing   stage  110  between  the  p l a t e s   the reof   and  such  web  and 

b e l t s   are  ha l ted   eg.  for  an  a d d i t i o n a l   30  seconds,  to  cool  (eg 

by  closed  press)   the  dye  absorbed  p l a s t i c   web  below  i t s  

s o f t e n i n g   t empera tu re   and  to  fix  the  dye  p a t t e r n   on  and  be low 

the  su r face   of  such  p l a s t i c   web.  Of  course  while  one  segment  

of  such  p l a s t i c   web  is  being  cooled,  another   web  segment,  a f t  

thereof ,   is  being  subjected  to  heat  and  dye  absorption  t h e r e i n ,  

in  a  production  sequence,  as  indicated  in  Figure  13.  The  cooled 

and  dye  p a t t e r n   absorbed  web  113  is  then  advanced  to  wind-up  on 

wind-up  roll   115,  as  shown  in  Figure  13. 

As  d i scussed   above  with  r e spec t   to  Figure  7,  a  s u b s t r a t e  

of  the  same  or  d i f fe rent   material  can  be  posit ioned  between  the  

dye  p a t t e r n   p r in ted   p l a s t i c   sheet  82  and  r e l ea se   sheet  86  and 

processed   a cco rd ing ly ,   as  i nd ica t ed   in  Figures  7  and  12,  t o  

ob ta in   a  laminated  or  fused  dye  p a t t e r n   absorbed  product ,   eg 

product   45,  shown  in  Figure  8.  Accordingly   the  heat  of  dye 

subl imation  will  be  also  employed  for  lamination  or  fusinq  of 

the  dye  receptor  p las t ic   sheet  and  its  s u b s t r a t e .  

In  like  manner,  a  s u b s t r a t e   web  116  i ssuing  from  roll   118, 

can  contact  the  bottom  surface  of  the  dye  receptor  web  112  and 



be  l amina ted   or  fused  t h e r e t o   in  the  heat ing  s t a t i o n   108,  as  

indica ted ,   in  phantom,  in  Figure  13,  to  obtain  a  thickened,   dye- 

absorbed  p roduc t .  

In  yet  a n o t h e r   p r o c e s s   embodying  the  m e t h o d  o f   t h e  

invention,   the rmoplas t ic   extrudate  120  issues  from  extruder  dye 

1 2 2 ,  a r o u n d   a  bondinq  drum  124,  as  shown  in  F igure   14. 

C o n c u r r e n t l y ,   a  ro l l   of  dye  p a t t e r n   p r in ted   p l a s t i c   web  126, 

the  p r i n t e d   s ide  down,  i ssues   from  the  feed  rol l   12P  and  i n t o  

c o n t a c t   with  the  hot  e x t r u d a t e   120,  between  the  nip  of  drum  124 

and  the  end less   t e f l o n   be l t   130,  as  shown  in  Figure  14.  The 

heat  emi t t ed   by  the  e x t r u d a t e   120  in  con tac t   with  the  dye 

pr inted  p l a s t i c   web  126  is  su f f i c i en t   to  effect   bonding  t h e r e t o  

and  s u b l i m a t i o n   and  a b s o r p t i o n   of  the  dye  p a t t e r n   into  t h e  

p l a s t i c   web  126.  The  fused  or  l amina ted  dye   p a t t e r n   abso rbed  

web  132  is  passed  through  the  cooling  stage  134,  eg  s imi lar   to 

cool ing   s taqe  96,  shown  in  Figure  12,  and  the  cooled  dye 

p a t t e r n   absorbed  p l a s t i c   web  including  the  s u b s t r a t e   web 

l amina ted   or  fused  t h e r e t o   ie  web  132,  p r in t ed   side  down, 

passes  to  wind  up,  around  take-up  roll  136,  as  shown  in  Figure 

14. 

In  s t i l l   a n o t h e r   embodiment   of'  the  method  of  t h e  

i n v e n t i o n ,   dye  p a t t e r n   p r in t ed   p l a s t i c   sheet   is  dye  abso rbed  

and  thermoformed.   Accord ing ly  dye   p a t t e r n   p r i n t e d   p l a s t i c  

sheet   140  is  p o s i t i o n e d   by  clamps  142  and  144  over  vacuum- 

forming  mold  146,  having-vacuum  ducts  148,  as  shown  in  F i q u r e  

15.  An  oven  150,  having  housing  152  and  hea te r   c o i l s   154,  156 

and  158,  is  lowered  over  the  dye  printed  p l a s t i c   sheet   140  and 

the  vacuum  mold  146,  as  shown  in  Figure  15.  The  heater   c o i l s  

are  turned  on,  s u f f i c i e n t   heat  is  appl ied   to  the  p r i n t e d  

p l a s t i c   sheet  140  to  soften  or  nearly  soften  the  same,  causing 

the  p r i n t e d   dyes  t h e r e o n   to  subl ime  into  such  s h e e t .  

Concurrently,vacuum  is  applied  to  the  vacuum  mold  146  through 

the  vacuum  por ts   148,  by  means  not  shown,  which  draws  the  

heated  and  dye  p a t t e r n   absorbed  p l a s t i c   sheet  140,  over  and 

around  the  mold  146,  in  close  conformity  therewith,   as  shown  in 



Figure  16.  The  heator  housinq  15n  is  r a i sed ,   the  formed  and 

dye  pat tern  decorated  p las t ic   a r t i c l e   160  is  cooled,  the  vacuum 

pump  is  turned  off  and  the  a r t i c l e   160  is  removed  from  the  

vacuum  mold  146  as  a  dye  pa t t e rn   absorbed  and  molded  p l a s t i c  

a r t i c l e   160,  as  shown  in  Figure  17. 

Accordingly,  the  dye  receptor  can  be  thermo  formed  during 

the  dye  s u b l i m a t i o n   step  or  a f t e r   the  dye  s u b l i m a t i o n   s t e p .  

Also  a  p r e v i o u s l y   dye  pa t t e rn   absorbed  a r t i c l e   can  be  l a t e r  

reheated  and  thermoformed  including  vacuum  or  pressure  formed 

into  a dye  pat tern  aborbed  and  formed  p l a s t i c   a r t i c l e .  

Accordingly  the  methods  of  the  present  invention  provide 

several   p roces se s   for  dye  pa t t e rn   a b s o r p t i o n   into  p l a s t i c  

a r t i c l e s   i nc lud ing   webs  and  sheets   as  well  as  molded  p l a s t i c  

a r t i c l e s .  

The  dye  p a t t e r n   absorp t ion   method  of  the  i nven t ion   i s  

readily  employed  with  thermoplast ic   a r t i c l e s   eg  polystyrene  and 

vinyl   s h e e t s   ahd  f u r t h e r   a p p l i e s   to  t h p r m o - s e t   p l a s t i c  

a r t i c l e s ,   eg  p o l y e s t e r  s h e e t s   and  f ibe rg lass   sheets.  The  hea t  

appl ied   to  the  dye  pa t t e rn   p r in ted   p l a s t i c  a r t i c l e   or  web, 

s u f f i c i e n t   to  sublime  the  dyes  thereon  is  also  s u f f i c i e n t   t o  

r ender   the  s u r f a c e   of  the  p l a s t i c   web  r e c e p t i v e   to  dye 

penetra t ion  to  a  depth  of  10  mils  or  more.  Further  data  on  dye 

p a t t e r n   a b s o r p t i o n   into  t h e r m o p l a s t i c   sheets   and  t h e r m o - s e t  

p l a s t i c   sheets  is  provided  in  Table  I  h e r e i n a f t e r .  

Accord ing ly ,   the  dye  abso rp t ion   method  into  p l a s t i c s   o f  

the  present  invention  e l iminates   cer ta in  steps  and  mater ia ls   as 

noted  above  and  includes  the  following  novel  s t ep s :  

1.  Direct  pr int ing  onto  the  p l a s t i c   receptor  s h e e t ,  

2.  The  e l i m i n a t i o n   of  a  heat  t r a n s f e r   paper  and  t he  

posi t ioning  t h e r e o f ,  

3.  The  e l i m i n a t i o n   of  a  s e p a r a t o r   sheet   and  t h e  

p o s i t i o n i n g   thereof,  and 

4.  Heat  is  applied  for  a  considerably  shorter  dwell  t ime 

e.g.  s e c o n d s .  

Fur ther   the  decora ted   p l a s t i c   product  produced  by  t he  

above  methods  of  the  present  inven t ion   is  be l ieved   to  have 



deeper  colors  and  sharper  d e f i n i t i o n ,   even  reproducing  "brush- 

s t r okes"   of  the  o r i g i n a l   design  over  decora ted   p r o d u c t s  

ob t a ined   with  the  above  p r io r   art  methods.  This  is  b e c a u s e  

there  in  no  intervening  separator   sheet  to  absorb,  screen  o u t ,  

d e f l e e t   or  d i s t o r t   even  a  small   por t ion   of  the  d i spe r sed   dyes  

o r i q i n a l l y   applied  e.g.  to  a  heat  t ransfer   paper.  Accordingly 

it  is  b e l i e v e d   that  a  novel  decora ted   product  with  a  p a t t e r n  

absorbed  t b e r e i n   with  s u b s t a n t i a l l y   pure  vivid  dye  hues  and 

"brushstroke"  de f in i t i on   and  c l a r i t y   of  pat tern,   is  obtained  by 

the  methods  embodying  the  present  inven t ion .  

Accordinaly,  the  present  invention  provides  a method  f o r  

ready  and  accura t e   t r a n s f e r   and  abso rp t ion   of  dyes  in  v a r i o u s  

c o l o r s ,   p r i n t s ,   p a t t e r n s ,   and  the  l i ke ,   on  and  below  t h e  

p l a s t i c   s u r f a c e   to  be  d e c o r a t e d ,   in  a  novel,  r e l a t i v e l y   low-  

cost  process,   to  obtain  a  dyed  p las t i c   product  of  hiah  c l a r i t y  

reproduct ion.   As discussed  above,  the  so-deposited  dyes,  upon 

s u b l i m a t i o n ,   p e n e t r a t e   below  the  sur face   of  the  p l a s t i c  

a r t i c l e   and  are  v i r t u a l l y   wear -proof .  

The  dyes  employed  here in   can  be  var ious   dyes  capable  o f  

s u b l i m a t i o n   at  200°  F  to  500°  F or  more,  inc luding  those  dyes  

in  use  on  heat  t ransfer   papers  for  dye  t ransfer   in  the  t e x t i l e  

i n d u s t r y .   P r e f e r r e d   are  medium  energy  dyes  which  s u b l i m e  

between  about  300°  F  and  500°  F. 

In  the  methods  embodying  the  p resen t   i nven t ion ,   the  dye 

r e c e p t o r   can  be  any  m a t e r i a l ,   such  as  t h e r m o p l a s t i c s ,   which 

wil l   absorb  sublimed  dyes  and  fix  them  in  a  durable   manner .  

The  dye  receptor  mater ia ls   su i t ab le   for  the  present  i nven t ion  

include:  polycarbonates,   v inyls ,   ac ry l i cs ,   polystyrene,   A.R.S. 

( A c r y l o n i t r i l e  -   B u t a d i e n e - S t y r e n e )   and  l i ke   e x t r u d a b l e  

polymers  as  well  as  thermo-set   p las t i c s   inclucling  p o l y e s t e r s .  

The  p l a s t i c   dye  r e c e p t o r   can  he  an  a r t i c l e   of  v a r i o u s  

shapes,   f l a t ,   rounded,  a n g u l a r ,   or  a  combinat ion  t h e r e o f ,   and 

can  be  pronounced  three  d imens iona l   ob j ec t s   e.g.,  c o n t a i n e r s ,  

thermoformed  or  molded  products  and  the  like  or  can  be  p l a s t i c  

webs  i nc lud ing   shee t s ,   film  and/or  coat ing  or  other  art  i c l e s  



which  are  receptive  to  penetra t ion  by  dispersed  dyes. 

Advantageously,  the  desired  dyces  are  applied  to  a  p r i n t i n g  

plate  or  roll  havinq  the  desired  pattern  engrave ,   embossed  or 

photo-imaged  thereon  or  o the rwise   placed  thereon  and  the  

print inq  plate  is  con tac ted  wi th   the  dye  receptor  surface,  one 

or  more  times,  to  deposit  the  desired  dye  pattern  thereon.  

Further  the  desired  dyes  and  dye  patterns  can  be  depos i t ed  

on  the  dye  r ecep tor   by  any  s u i t a b l e   means,  e.q.,  by  hand,  pen,  

brush,   and  the  l i ke ,   in  p r e p a r a t i o n   for  the  dye  s u b l i m a t i o n  

step  of  the  present  i nven t ion .  

Moreover  the  dyes  can  be  printed  or  otherwise  deposited  on 

two  or  more  s u r f a c e s   of  a  dye  recep tor   e.q.  on  oppos i t e   s i d e s  

of  a  p las t i c   web  or  sheet  and  subjected  to  the  dye  sub l ima t ion  

and  cooling  s teps  de sc r ibed   above  to  obta in   a  dye  p a t t e r n  

absorbed  a r t i c l e   on  two  sides  thereof  on the  same  or  d i f f e r e n t  

dye  p a t t e r n s .  
The  dyes  can  be  p r in t ed   or  depos i ted   upon  the  p l a s t i c  

r ecep to r   surface   in  a  ranqe  from  a  f r a c t i o n   of  a  second  to  40 

seconds  or  more,  depending  upon  the  compleyity  of  the  p a t t e r n ,  

the  number  of  dyes,  and  the  number  of  printing  steps  employed. 

The  press  is  d e s i r a b l y   a l igned  or  indexed  r e l a t i v e   to  t he  

p l a s t i c   r ecep tor   for  accuracy  in  employing  a  sequence  o f  

pr int ing  steps  t h e r e o n .  A   sui table   time  for  the  above  p r i n t i n g  

step  can,  for  example,  be  about  30  seconds. 

The  t e m p e r a t u r e s   necessa ry   to  e f f e c t   dye  t r a n s f e r   and 

a b s o r p t i o n   in  the  methods  of  the  present  inven t ion   have  been 

found  to  be  governed  by  the  t empera tu re s   r equ i r ed   for  dye 

sublimation  of  the  dyes  employed  and  the  t empera tu res  a t   which 

the  dye  r e c e p t o r   s u r f a c e   energy  level   r i s e s   to  become 

s u s c e p t i b l e   to  dye  p e n e t r a t i o n ,   which  can  be  at  or  below  the  

s o f t e n i n g   t e m p e r a t u r e s   t h e r e f o r .   T h e s e  d y e   a b s o r p t i o n  

temperatures  have  been  found  to  be  from  200°  to  500°  F  and  up, 

depending  upon  the  above  m a t e r i a l s   employed.  A  p r e f e r r e d  

temperature  range  in  thermal  dye  sublimation  and  absorption  is  

350°  to  450°  F.  After  the  dye  absorp t ion   step,  the  m a t e r i a l s  

are  cooled  below  the  dye  sub l imat ion   t empera tu re   and  t he  



p l a s t i c   s o f t e n i n g  t e m p e r a t u r e ,   and  a  dye  decora ted   p l a s t i c  

product  is  o b t a i n e d   e.g.,  a  vivid  and  sha rp ly   defined  p a t t e r n  

and/or  printed  l e t t e r s   and  numbers  in  a  p l a s t i c   web. 

The  app l i ca t ion   of  the  heating  stage  and  the  coolinq  s t age  

in  the  dye  absorpt ion   method  of  the  invent ion,   can each  be  from 

a  f r a c t i o n   of  a  second  to  2  minutes  or  more  depending  on  t h e  

dye  receptor  being  processed  and  f requent ly   runs  from  20  to  80 

seconds .  

The  p r e s s u r e s   appl ied   in  the  h e a t  t r a n s f e r   step  of  t h e  

dyes  into  the  p l a s t i c   r ecep to r   can  be  from  0  (i .e.   no  p r e s s u r e  

to  100  psig  and  up  and  p r e f e r a b l y   are  from  20  to  60  psig.  The 

p re s su re   in  the  cool ing   stage  can  be  from  1  to  80  psig,   and 

preferably   are  from  5  to  40  p s i g .  

Where  the  upper  ranges  of  heat  and  p r e s s u r e   are  appl ied  t o  

the  dye  d e p o s i t e d   p l a s t i c   r ecep to r   e.g.,   at  400°  F  and  80 

psig,  the  dyes  sublime  rapidly  so  as  to  p r a c t i c a l l y   explode  and 

penetrate  into  the  dye  receptor  to  a  depth  of  several  mils,  as  

he re ina f t e r   d i s c u s s e d .  

The  dye  absorbed  p las t i c   receptor  is  then  cooled  as  s t a t e d  

above,  to  obtain  the  dye  absorbed  p roduc t .  

In  the  dye  s u b l i m a t i o n   step  in  a  thermal   press ,   such  a s  

shown  in  Figure  4,  the  dye  r ecep to r   is  covered  by  a  pair  o f  

r e l e a s e   shee t s   34  and  36  of,  e.g.,  t e f l o n ,   to  confine  the  dyes  

to  the  p l a s t i c   r e c e p t o r   and  f u r t h e r   to  f a c i l i t a t e   t h e  

separat ion  of  the  p l a s t i c   receptor  from  the  press  platen  a f t e r  

the  dye  absorption  step,  as  indicated  in  Figure  4.  The  r e l e a s e  

layer  can  be  of  other  mate r ia l s ,   e.g.,  s i l i c o n .  

Where  it  is  d e s i r e d   to  l aminate   or  fuse  the  reverse   s i d e  

of  the  dye  r e c e p t o r   to  another  m a t e r i a l ,   the  l amina t ion   a s  

i n d i c a t e d ,   can  be  c a r r i e d   out  c o n c u r r e n t l y   with  the  dye 

abso rp t ion   s tep   in  the  above  t e m p e r a t u r e   range  of  200  to  500° 

F,  depending  upon  the  subst ra te   employed. 

In  the  applied  pressures  necessary  to  effect  dye  t r a n s f e r  

and  a b s o r p t i o n ,   0  to  100  psig  has  been  found  s u f f i c i e n t .  

Lamination  pressures   however  run  considerably  higher,  from  30 



to  3,000  psig.   Employing  such  p r e s s u r e s ,   in  the  method  of  t h e  

present  invention,   thermal  dye  absorpt ion and  lamination  of  the  

p l a s t i c   receptor   to  a  su t s t r a t e   occurs  concurrently.   Where  the  

bonded  layers  are compatable  or  of  the  same  material  they  can 

f u s e  i n t o   one  web;  where  they  are  d i f f e r e n t ,   they  bond  into  a 

layered  laminate  web. 

The  subs t r a t e s   sui table   for  laminate  base  material   h e r e i n  

include:  t reated  papers,  fabr ics ,   p l a s t i c   mater ia l s ,   i nc lud ing  
t h e r m o p l a s t i c s   and  thermoset   p l a s t i c s ,   e.g.,  webs,  sheet   and 

f i lm,   and  any  other   ma te r i a l   bondable  to  the  p l a s t i c   dye  

r e c e p t o r .  

In  another  method  embodying  the  dye  absorption  process  o f  

the  present  invention,   radio  frequency  waves  are  applied  to  t h e  

dye  d e p o s i t e d   p l a s t i c   r e c e p t o r ,   as  d i scussed   above,  w i t h  

r e s p e c t  t o   Figure  6.  These  RF  waves  when  matched  to  t h e  

d i e l e c t r i c   constant  of  the  p las t i c   receptor  sheet,  couple  w i th  

the  molecules  thereof  causing  o s c i l l i t o r y   o r  r o t a t i o n a l   motion 

t h e r e o f ,   which  heats  up  the  p l a s t i c   and  thus  the  dyes  p r i n t e d  

thereon  to  a  s u b l i m a t i o n   t e m p e r a t u r e ,   causing  the  dyes  t o  

sublime  into  the  p las t ic   receptor  web,  as  discussed  above. 

The  r e su l t an t   RF  heat  is  generated  in  the  d i e l e c t r i c ,   t he  

p l a s t i c   r e c e p t o r ,   and  in  homogeneous  m a t e r i a l s   is  a  u n i f o r m  

heat,  rapidly  a t ta ined.   RF  frequencies  employed  can  range  from 

2  to  90  mHz  or  more  with  power  output   from  1  to  125  kw  or  more .  

However  to  p r e v e n t   i n t e r f e r e n c e   with  a u t h o r i z e d   r a d i o  

communication  channels  certain  known  shieldinq  procedures  a r e  

fo l lowed.  

While  the  d i e l e c t r i c   constant  of  air  is  1,  the  d i e l e c t r i c  

cons t an t   of  many  p l a s t i c s   ranges  from  1  1/2  to  to  5;  eg  at  1 

mHz  for:  ABS-polycarbonate   a l loy  2.4  to  3.8;  p o l y c a r b o n a t e s  

2.92  to  2.93;  p o l y s t y r e n e   2.4  to  3.8  and  PVC  3.3  to  4 . 5 .  

A c c o r d i n g l y   the  RF  f r e a u e n c y   s e l e c t e d   depends  upon  t h e  

d i e l e c t r i c   cons tan t   of  the  dye  r ecep to r   p l a s t i c   and  when 

properly  matched  therewith,  serves  to  couple  with  the  molecu les  

;  t h e r e o f   and  r a i s e   the  t e m p e r a t u r e   of  the  p l a s t i c   to  a 

sublimation  temperature  for  the  dyes  printed  thereon.  

Accordingly  for  p las t ic   dye  receptors   having  a  d i e l e c t r i c  



constant  from  1 1/2  to  5,  radio  frequency  siqnals  of  eq  from  1 

to  100  mHz  at  a  s u i t a b l e   power,  eg  1  to  125  kw,  are  e f f e c t i v e  

to  heat  the  dye  receptor  and  to  t ransfer   tile  dye  pattern  from 

the  s u r f a c e   to  w i t h i n   the  dye  r e c e p t o r   web  in  a  rapid  and 

accurate  subl imat ion  process,  eq  in  2  to  12  seconds .  

The  power  of  the  RF  signal  va r i e s   with  the  area  of  the  dye 

r e c e p t o r ,   eg  for  a  web  3 ×  4 in.  (12  sq.  in.),  6 kw  or  .5  kw/ sq  

in.  provides  e f f e c t i v e   dye  sublimation.   For  a  larger  area  dye 

r e c e p t o r ,   eg  25  x  3P  in.  (950  sg.  in.)  100  kwatts   or  s l i g h t l y  

less  than  .1  kw/sq  in.  provides   e f f e c t i v e   dye  s u b l i m a t i o n .  

Accordingly  the  power  requirements  of  the  RF  siqnal  appear  to  

d imin i sh   per  square  inch  as  the  area  of  the  dye  r e c e p t o r  

increases  and  as  indicated  herein,  has been  found  to  range  from 

about  .09  to  .5  kw/sq.  in.  A  s u i t a b l e   p r e s su re   range  in  the  RF 

dye  s u b l i m a t i o n   process ,   ea  the  press   shown  in  Fiaure  6, 

extends  from  a  f ract ion  to  20  psig,  eg  a  su i tab le   pressure  is  5 

psiq  and  the  time  for  applyinq  such  p r e s su re   ranqes  from  1  t o  

12  seconds  or  more. 

As  no ted ,   the  dye  r ecep tor   and  accompanyirq  l aye r s   a r e  

d e s i r a b l y   t r a n s f e r r e d   from  the  RF  dye  s u b l i m a t i o n   stage  to  a 

cool ing  s t a a e ,   eg  a  cooling  press .   Such  cool ing  press   i s  

des i rab ly   closed  on  the  dye  receptor  i t s e l f   or  in  combinat ion 

with  a d j a c e n t   l aye r s   from  the  RF  hea t ing   press   (per  Figure  6) 

at  a  pressure   of  a  f ract ion  to  20  psig  and  a  su i t ab le   p r e s s u r e  

is,  eq  5  p s ig ,   for  1  to  20  seconds  or  more.  The  cool ing  p r e s s  

is  t h e r e a f t e r   opened  and  a  dye  pat tern  absorbed  p las t i c   a r t i c l e  

ob t a ined .   The  cooling  of  the  p l a s t i c   dye  r ecep to r   below  t he  

dye  sub l imat ion   temperatures  fixes  the  dyes  and  dye  pat tern  in 

the  r e c e p t o r   and  the  r e l ease   sheets   or  other   adjacent   l a y e r s  

(per  Figure  6)  are  then  removed  theref rom.  

Heat ing  and  cooling  the  dye  receptor   under  p r e s su re   i s  

des i rab le   since  such  pressure  can  prevent  unwanted  deforming  of 

the  dye  receptor   as  it  undergoes  temperature  charges  above  and 

then  below  i ts   softening  t empara ture .  

The  rad io   frequency  dye-absorbed  p l a c t i c   product  can  be 



subsequen t ly   laminated   to  one  or  more  s u b s t r a t e s   by  a p p l y i n g  

heat  and  pressure  as  above  descr ibed .  

1n  the  above  dye  absorp t ion   methods,   whether  by  h e a t e d  

press  or  by  RF  h e a t i n g ,  i t   is  su f f i c i en t   if  the  dye  receptor  i s  

heated  from  above,  where  such  r ecep to r   is  a  web  20  mils  t h i c k  

or  less .   Where  such  receptor   has  a  t h i c k n e s s   of  g r e a t e r   t han  

20 mils ,   e i t h e r   s ingly   or  in  combina t ion   with  a  s u b s t r a t e ,   i t  

is  d e s i r a b l e   to  heat  such  webs  from  below  as  well,   e.q.,  a  few 

degrees  below  the  so f t en ing   t e m p e r a t u r e   thereof   so  that  such 

web  or  webs  are  evenly  heated  during  the  dye  s u b l i m a t i o n  

process  and/or   l amina t ing   process  and  warping  of  the  dye 

abso rbed   e n d - p r o d u c t   is  avo ided .   Even  in  the  RF  dye 

s u b l i m a t i o n   p roces s ,   for  dye  r e c e p t o r s   over  20  mils  th ick ,   i t  

is  well  to  heat  the  lower  plate   or  suppor t   member  for  the  dye 

r ecep to r   web  or  webs  to  a  few  degrees   below  the  s o f t e n i n g  

t empera tu re   the reof   before  and  during  the  dye  s u b l i m a t i o n  

process  to  prevent  or  minimize  warping  of  the  dye  absorbed  end 

product .  

As  p r e v i o u s l y   i n d i c a t e d ,   the  above  methods  of  t h e  

invent ion   of  heat  press  thermal  dye  a b s o r p t i o n   and  r a d i o  

freouency  dye  absorption  serve  to  t ransmit   dye  pat terns  i n t a c t  

into  t h e r m o p l a s t i c s   and  the rmo-se t   p l a s t i c s .   By  t h e r m o - s e t  

p las t i cs   as  used  herein,  is  included  c ross - l inked   polymers  such 

as  p o l y e s t e r   webs,  including '   those  under  the  trade  name 

"Mylar",  as  well  as  thermocast  p l a s t i c s   including  c r o s s - l i n k e d  

polymers  of  e.g.  glass  fiber  impregnated  with  polyester  r e s i n ,  

known  as  f i b e r g l a s s .   while  the  methods  of  the  i n v e n t i o n  

produce  the  unexpected  result   of  t r ansmi t t i ng   dye  pat terns  of 

high  d e f i n i t i o n   into  t h e r m o p l a s t i c s ,   e.g.,  n e n - c r o s s - l i n k e d  

polymers  such  as  po lys ty rene   and.  v i n y l ,   it  iE  even  more 

unexpected  that  such  dye  pa t t e rn s   could  also  bo  t r a n s m i t t e d ,  

below  the  surface  of  cured  thermoset  p l a s t i c s .  

The  dye  absorption  methods  of  the  present  invention  permit  

dyes  and  dye  p a t t e r n s   to  te  absorbed  several   mils  into  and 

below  the  surface  or  a  p las t ic   dye  receptor .   Such  depth  of  dye 

p e n e t r a t i o n   will  depend  upon  the  na ture   of  the  dye  r e c e p t o r  



p l a s t i c ,   i t s   t h i c k n e s s ,   the  na ture   and  amount  of  the  dyes  

employed,  the  t e m p e r a t u r e ,   p r e s s u r e s ,   and  radio  f r e q u e n c i e s  

applied,  the  durat ion  or  length  of  the  dye  absorption  step  and 

the  l ike .   However,  accordinq  to  the  methods  of  the  p r e s e n t  

i n v e n t i o n ,   dye  a b s o r p t i o n   i n t o   the  va r ious   p l a s t i c - r e c e p t o r s  

are  r e g u l a r l y   ob ta ined   from  f r a c t i o n s   of  a  mil  to  10  mils  o r  

more  and  p r e f e r a b l e   from  3  t o   8  mi ls ,   to  obta in   a  h i g h l y  

defined  pa t te rn   with  vivid  colors  in  a  wear-proof  de s ign .  

T h e  f o l l o w i n g   examples  are  in tended  to  i l l u s t r a t e   t h e  

methods  of  the  present  invention  and  the  products  thereof  and 

should  not  be  construed  in  l i m i t a t i o n   t h e r e o f .  

EXAMPLE  1. 

A  shee t   of  p o l y s t y r e n e  1 0   mils  thick  by  25"  x  38"  was 

passed  through  the  nip  of  an  o f f s e t   p r i n t i n g   p ress ,   such  a s  

shown  in  Figure  11  and  a  l i thograph  roll  coated  with  d i s p e r s e d  

dyes  of  various  colors  in  a  pa t te rn ,   such  as  shown  in  Figure  9, 

con tac t ed   such  sheet   and  p r i n t ed   the  above  p a t t e r n   thereon  in  

less  than  2  seconds.  The  so-pr in ted   sheet  was  dried  in  air  a t  

room  t e m p e r a t u r e   for  2  hours.  The  s o - p r i n t e d   sheet  was  then  

placed  between  a  pa i r   of  t e f l o n   r e l e a s e   sheets   of  s l i g h t l y  

l a rger   s ize   and  8  mils  th ick  each  and  the  t r i - s h e e t   a s s e m b l y  

was  placed  between  the  p l a t e n s   of  a  heat ing  p ress ,   e.g. ,   a s  

shown  in  Figure  12.  The  press  which  was  heated  to  400°  F,  was 

closed  upon  the  t r i - s h e e t   assembly  at  a  p r e s su re   of  about  30 

psig  for  about  30  seconds  and  then  opened. 

The  t r i - s h e e t   assembly  was  then  conveyed  between  t he  

platens  of  the  cooling  stage  96,  shown  in  Figure  12.  The  upper 

platen,  being  ( l iquid  coil)  cooled  to  about  50°  F,  was  lowered 

into  a  p r e s s u r e   contac t   of  about  5  psig  with  the  t r i - s h e e t  

assembly  on  the  bottom  p l a t en   for  about  30  seconds.  The 

coolinq  platen  was  raised,  the  t r i - s h e e t   assembly  was  conveyed 

clear  of  the  cooling  press,  the  re lease   sheets  were  removed  and 

the  p l a s t i c   web,  cooled  below  i ts   so f t en ing   t e m p e r a t u r e ,  

d i sp layed   a  c l ea r   p a t t e r n   of  v ivid   co lors   with  "brush  s t r o k e "  



d e f i n i t i o n ,   absorbed  about  6  mils  into  the  p o l y s t y r e n e ,   in  a 

wear-proof  des ign .  

EXAMPLE  2. 

The  above  process  was  repeated  with  10  mil  polyester  f i lm 

(Mylar)  and  a  dye  p e n e t r a t e d   end  product  was  obta ined  which 

d isp layed   a  c lea r   p a t t e r n   of  vivid  co lors   of  high  d e f i n i t i o n ,  

absorbed  7  to  8  mils  therein,   in  a  wear-proof  desinn.  

EXAMPLE  3. 

A  sheet  of  polystyrene  of  the  dimensions  of  Example  1  and 

printed  accordingly,   was  placed  atop  a  sheet  of  compatible  ABS 

of  the  same  d imens ions   but  70  mils  thick  and  the  two  l a y e r s  

were  placed  between  2  t e f lon   r e l ea se   sheets   of  the  s ize  o f  

Example  1.  The  q u a d r i - s h e e t   assembly  was  placed  between  t h e  

platens  of  the  heatinq  staqe  96,  shown  in  Figure  12,  the  upper 

platen  96  was  heated  to  about  400°  F  and  the  lower   p la ten   was 

heated  to  about  280°  Fγ  below  the  softeninq  temperature  of  the 

APS  layer  and  the  remainder   of  the  process   of  Example  1 

followed. 

Upon  removal  of  the  r e l ea se   sheets   it  was  seen  that  t he  

polystyrene  and  APS  webs  had  fused  into  one  continuous  i n t e g r a l  

web,  about  80  mils  thick,  with  no  discernable   s t ra ta   lines  and 

f u r t h e r   tha t   the  upper  p o l y s t y r e n e   p o r t i o n   t h e r e o f   was 

pene t r a t ed   with  a  c l ea r   p a t t e r n   of  vivid  co lors   of  h i q h  

d e f i n i t i o n ,   absorbed  about  6  mils  t he re in   in  a  w e a r - p r o o f  

des ign .  

EXAMPLE  4. 

Another  10  mil  p o l y s t y r e n e   sheet  of  the  d imensions   o f  

Example  1  is  printed  accordingly.  The  so-printed  p las t ic   sheet 

is  placed  between  a  brass  plate   above  and  an  Rake l i te   pad  below 

and  the  t r i - l a y e r   assembly  is  placed  between  the  p l a t ens   of  a 

radio  frequency  press  at  about  5  psia,  such  as  shown  in  Figure 

6.  The  lower  press   p la ten   is  surmounted  by  a  r e s i l i e n t   pad 

a l s o   in  the  manner  shown  in  Figure  6.  The  po lys ty rene   s h e e t  



is  determined  to  have  a  d i e l e c t r i c   constant  of  3.1  and  an  RF  o f  

27.12  MHz  at  100  kw  is  applied  thereto  for  5  seconds. 

The  PF  press   is  opened  and  the  po lys ty rene   sheet  with  a 

cover  sheet  of  te f lon   and  the  Pakeli te   pad  are  t r ans fe r red   to  a 

cooling  press   such  as  cool ing  press  38  shown  in  Figure  5,  t h e  

p la t e s   are  c losed   t h e r e o n ,   eg,  at  5  psig.  The  p o l y s t y r e n e  

sheet  is  cooled  below  i t s   so f t en ing   t empera tu re   and  t h e  

sublimation  temperature   for  the  dyes.  The  p r e s s  i s   opened  and 

the  p o l y s t y r e n e   sheet   dye  r e c e p t o r   separa ted   from  the  c o v e r  

sheet  and  pad,  to  ob t a in   the  p l a s t i c  s h e e t   with  w e a r - p r o o f  

design.  The  dye  pa t te rn   absorbed  polystyrene  sheet  d isplays   a 

c l e a r l y   def ined   v iv id   p a t t e r n ,   absorbed  6  to  7  mils  into  such 

web  and  is  very  s imi l a r   in  appearance  and  du rab i l i t y   with  the  

decorated  p l a s t i c   web  made  by  the  process  of  Example  1. 

I t  h a s   a lso  been  found  that   if  the  above  p rocedure   o f  

Fxample  4  is  r e p e a t e d   with  a  blank  or  unpr in ted   dye  r e c e p t o r  

p l a s t i c   web  in  con t ac t   with  the  p r in ted   side  of  a  d y e  p a t t e r n  

pr in ted   paper,   i . e . ,   a  heat  t r a n s f e r   paper,  that  is  at  l e a s t  

one  month  old  and  these  two  layers  are  posit ioned  between  the 

brass  p l a t e   51  above  and  the  Bakel i te   pad  53  below,  which 

layers   are  in  tu rn ,   p o s i t i o n e d   between  the  upper  p l a t e  55   and 

the  lower  p l a t e   57  of  the  RF  press  40,  as  i n d i c a t e d   in  F i g u r e  
a s  

6,  and  RF  waves  are  appl ied  /  descr ibed  in  Example  4 , tha t   a f t e r  

the  cool ing  s tep  a b o v e  d e s c r i b e d ,   a  dye  p a t t e r n   a b s o r b e d  

p l a s t i c   web  with  depth  of  p a t t e r n   of  6  to  7  mils  is  a g a i n  

ob ta ined .   The  heat  t r a n s f e r   paper  s e p a r a t e s   f r o m  t h e   dye 

decora ted   product   wi thout   s t i c k i n g   or  adherinq  to  the  dye 

recep to r   web  provided  such  paper  has  been  aged  at  l eas t   30  days  

at  room  t e m p e r a t u r e   (or  h igher ) .   If  the  heat  t r a n s f e r   paper  

has  been  dye  p r i n t e d   wi th in   such  30  day  per iod,   the  dye 

adhesives  and  c a r r i e r ,   which  hold  the  dye  pattern  on  the  paper,  

can  s t i l l   be  ac t iva t ed   in  the  RF  press  and  adherine  of  paper  to  

dye  receptor  o c c u r s .  

Accord ing ly ,   employing  the  above  aged  t r a n s f e r   pape r -FF  



press  method,  a  f l e x i b l e   vinyl  sheet, 3"  x  4"  t.y  20  mils  has  

been  impr in t ed   with  a  dye  pa t t e rn   on  and  below  the  s u r f a c e  

thereof .   S i m i l a r l y   a  f i b e r g l a s s   sheet  of  p o l y e s t e r   r e s i n  

impregnated  in  f iber   g lass   mat t ing,   3"  x  4"  by  31.25  m i l s  

(1/32")  t h i ck ,   rece ived   a  clear   dye  pa t t e rn   the re in   on  and 

below  the  su r f ace   t h e r e o f .   In  each  case,  the  RF  waves  were 

t r a n s m i t t e d   at  27.12  M Hz  at  6  kw  for  5  seconds  and  the  s o -  
heated  wets  were  cooled  below  dye  sublimation  temperature  in 

about  two  minutes .  

It  has  f u r t h e r   been  found  tha t   the  above  aged  h e a t  

t r a n s f e r   paper  of  30  days  or  older  can  only  be  e f f e c t i v e l y  

employed  in  the  above  radio  frequency  dye  sublimation  process  

without  i n t e r l eav ing   a  separator  sheet,  eg  of  polyethylene.  An 

at tempt  to  use  aged  heat  t r a n s f e r   paper  and  a  dye  r e c e p t o r   in  a 

thermal  press,   eg  as  shown  in  Figure  4  resul ts   in  the  adhesion 

of  the  heat  t r a n s f e r   paper  and  the  dye  receptor   as  p r e v i o u s l y  

encountered  in  the  prior  art.  Accordinqly,  employing  aged  heat  

t r a n s f e r   paper  in  con tac t   with  a  blank  dye  r e c e r t o r   web  o r  

a r t i c l e   and  applying  RF  d i e l e c t r i c   heat,  as  described  above,  i s  

another  method  embodyinq  the  present   invent ion  for  p r o d u c i n g  

dye  pattern  absorbed  p las t ic   a r t i c l e s   including  webs. 

The  following  table  exemplifies  dye  pattern  absorbed  and 

decorated  products  made  by  the  methods  of  the  present  inven t ion  

as  fo l lows:  



The  above  t e s t s   were  conducted  with  the  dye  r e c e p t o r   and 

its  subs t ra te ,   if  any,  between  a  pair  of  teflon  release  s h e e t s  

in  a  press  a p p a r a t u s   s i m i l a r   to  that  shown  in  Figure  12,  t h e  

heat ing  s taqe  o p e r a t i n g  a t   about  400°  F  and  30 psig  and  the  

cooling  staqe  opera t ing   at  about  70°  F  and  about  10  psig,  cash 

stage  o p e r a t i n g   between  30  and  40  seconds  except  for  the  l a s t  

two  dye  r e c e p t o r s   wherein  the  s tages   opera ted   at  about  60 

seconds  each.  

In  each  o f   the  above  t e s t s   and  in  the  above  examples,   a 

dye  p a t t e r n   absorbed   p l a s t i c   a r t i c l e   was  produced  which 

displayed  a  clear   pa t t e rn   of  vivid  colors  of  high  de f in i t i on   in 

a  wear-proof  d e s i g n .  

Samples  of  the  above  dye  pa t t e rn   absorbed  p l a s t i c s   were 

exposed  for  e x t e n d e d   p e r i o d s   to  u l t r a   v i o l e t   l i g h t   and 

subjected  to  t e s t i n q   including  f adomete r  t e s t s   and  were  found 

to  exh ib i t   high  d u r a b i l i t y   of  color  r e t e n t i o n   and  p a t t e r n  

d e f i n i t i o n   e q u i v a l e n t   to  over  2 years  in  exposure  to  w e a t h e r  

including  the  sun  eg  in  F lo r ida ,   Arizona  and  other  s t a t e s .  

Accord ing ly ,   the  dye  pa t t e rn   absorbed  a r t i c l e s  o f   the  

inven t ion   are  " d u r a b l e   aga ins t   weather ing"   ie.  exh ib i t   t he  

above  described  d u r a b i l i t y   for  6  months  or  more. 

Prior  art  sur face   printed  outdoor  signs  show  s i g n i f i c a n t  

weathering,  ie,  fading,   blurr ing,   chipping  and  wear-cff  w i t h i n  

three  months.  Thus  the  dye  p a t t e r n   absorbed  a r t i c l e s   of  t h e  

inven t ion   i nc lude   p r i n t e d   and  decora ted   webs  h ighly   s u i t a b l e  

for  use  as  outdoor  surfaces   including  s i g n s .  



1.  A  method  for  t r a n s f e r r i n g   a  dye  p a t t e r n   on arid  below  t h e  

surface  of  a  p l a s t i c   art-icle  comprising,  applying  at  least   one 

d i s p e r s e d   dye  in  a  des i red   p a t t e r n   to  the  su r f ace   of  s a i d  

p l a s t i c   a r t i c l e ,   applying  su f f i c i en t   subliming  energy  to  s a id  

a r t i c l e   and  said  dye  to  sublime  a  s u b s t a n t i a l   po r t i on   of  s a i d  

dye  on  and  below  the  surface  of  said  a r t i c l e .  

2.  The method  of  claim  1  wherein  said  energy  is  appl ied   by 

h e a t i n g   the  s u r f a c e   of  said  a r t i c l e   and  sa id   dye,  to  a 

s u b l i m a t i o n   t e m p e r a t u r e   for  said  dye,  m a i n t a i n i n g   s a i d  

t empera tu re   unt i l   a  s u b s t a n t i a l   por t ion   of  said  dyes  have 

sublimed  into  the  sur face   of  said  a r t i c l e   and  cool ing  s a i d  

surface  below  the  sublimation  temperature  of  said  dyes  and  the  

softening  temperature  thereof  to  obtain  a  dye  pat tern  absorbed 

p la s t i c   a r t i c l e .  

3.  The  method  of  claim  1  wherein  said  s u b l i m a t i o n   energy  i s  

radio  frequency  waves  applied  to  of  said  a r t i c l e   at  s u f f i c i e n t  

f requency  and  power  to  heat  said  a r t i c l e   s u f f i c i e n t l y   t o  

sublime  said  dyes  on  and  below  the  surface  of  said  a r t i c l e .  

4.  The  method  of  claim  1  wherein  said  dyes  are  appl ied   to  a 

pr int inq  member  and  said  pr int ing  member  is  contacted  with  s a id  

surface  to  print  said  dyes  on  said  su r f ace .  

5.  The  method  of  claim  1  wherein  said  dyes  are  a p p l i e d  

d i r ec t ly   to  said  su r f ace .  

6.  The  method  of  claim  w h e r e i n   said  sur face   and  said  dyes  

are  heated  between  330°  F  and  450°  F  to  sublime  said  d y e s .  

7.  The  method  of  claim  2  wherein  said  a r t i c l e   is  h e a t e d  

between  a  pair  of  release  sheets  which  are  between  the  p l a t e n s  

of  a  thermal  press  at  a  pressure  between  1 to  100  ps ig .  

8.  The  method  of  claim  1  or  7  wherein  said  p las t i c   art  icle  i s  

subs t an t i a l l y   of  t h e r m o p l a s t i c .  

9.  The  method  of  claim  2  or  7  wherein  said  p las t i c   a r t i c l e   i s  

subs t an t i a l l y   of  thermo-set  p l a s t i c .  

10.  The  method  of  claim  9  wherein  said  the rmo-se t   p l a s t i c   i s  

in  contact  with  fibrous  car r ie r   m a t e r i a l .  



11.  The  method  of  claim  1  wherein  said  a r t i c l e   is  a  p l a s t i c  

web,  and  pass ing   said  web  through  a  dye  p r i n t i n g   s tage,   a  dye 

subl iming  s t aqe ,   and  a  cooling  s tage ,   to  obta in   a  dye  p a t t e r n  

absorbed,  decora ted ,   p las t i c   web. 

12.  The  method  of  claim  11  wherein  the  dwell  time  in  the  dye 

subl iming  s tage   and  the  cooling  stage  is  between  20  to  70 

s e c o n d s .  

13.  A  method  for  dye  pattern  t ransfer   on  and  below  the  s u r f a c e  

of  a  p l a s t i c   a r t i c l e   c o m p r i s i n g ;   a p p l y i n g   at  l e a s t   o n e  

sub l imab le   dye  to  a  p r i n t i n g   member  in  a  p a t t e r n ,   c o n t a c t i n g  

said  p r i n t i n g   member  with  said  p l a s t i c   a r t i c l e   to  p r in t   s a i d  

dyes  on  said  a r t i c l e   in  a  pa t t e rn   and  applying  s u f f i c i e n t  

subliminq  energy  to  said  a r t i c l e   to  sublime  said  dyes  into  s a i d  

p l a s t i c   a r t i c l e .  

14.  The  method  of  claim  13  wherein  sa id  energy  is  heat  app l i ed  

to  said  p l a s t i c   a r t i c l e   to  sublime  said  dyes  into  said  a r t i c l e  

and  cooling  said  a r t i c l e  b e l o w   the  sublimation  temperature  of  

said  dyes.  

15.  The  method  of  c laim  13  where in   sa id   energy  is  a 

t ransmiss ion  of  radio  frequency  waves  applied  to  said  p l a s t i c  

a r t i c l e   at  1  to  100  mHz  and  .09  to  .5  kw  per  so.  in.  of  the  dye 

presented  surface  of  said  a r t i c l e .  

16.  The  method  of  claim  2  or  7  w h e r e i n   a  d i s p e r s e d   dye 

p a t t e r n   is  p r i n t e d   on  at  l e a s t  t w o   s u r f a c e s   of  said  p l a s t i c  

a r t i c l e ,   which  surfaces   are  heated  to  sublime  the  dye  p a t t e r n s  

into  each  said  s u r f a c e   and  cooling  said  s u r f a c e s   below  t h e  

s u b l i m a t i o n   t e m p e r a t u r e s   of  said  dyes  and  the  s o f t e n i n g  

temperature  of  the  p l a s t i c   a r t i c l e   to  obtain  a  p las t i c   a r t i c l e  

with  absorbed  dye  pa t t e rns   on  a  least  said  two  s u r f a c e s .  

17.  The  method  of  claim  16  wherein  said  surfaces  are  o p p o s i t e  

sides  of  a  p l a s t i c   web. 

18.  The  method  of  claim  1,  2  or  7  whe re in   a  sublayer   o f  

p l a s t i c   web  is  p laced  in  contac t   with  the  unders ide   of  s a i d  

a r t i c l e   and  s u f f i c i e n t   heat  and  pressure  are  applied  above  and 

below  the  m u l t i - p l i e d   a r t i c l e   to  sublime  said  dyes  into  t he  

ad jacen t   s u r f a c e   of  said  a r t i c l e   and  to  l amina te   or  fuse  s a i d  



p l i e s   together   and  cooling  the  so-formed  a r t i c l e   below  t h e  

softening  temperature  thereof  to  obtain  a  dye  pattern  absorbed 

p l a s t i c   a r t i c l e .  

19.  A  method  for  t r a n s f e r i n g   a  dye  p a t t e r n   on  and  below  the  

su r f ace   of  a  p l a s t i c   web  compris inq  p r i n t i n g   a  dye  pa t te rn   on 

the  surface   of  a  p l a s t i c   sheet ,   c o n t a c t i n a   the  s o - p r i n t e d  

p l a s t i c   sheet  on  the  reverse   side  thereof   with  an  e x t r u d e d  

thermoplas t ic   web  while  said  web  is  s u f f i c i e n t l y   hot  to  sublime 

said  dyes  and  until  said  dyes  sublime  into  at  least   said  sheet  

and  cooling  said  sheet  and  web  below  the  softening  temperature  

t he reo f   to  obtain  a  dye  p a t t e r n   absorbed  l amina ted   or  fused  

web. 

20.  The  method  of  claim  19  wherein  said  p l a s t i c   s h e e t  

c o n t a c t s   the  extruded  p l a s t i c   web  in  the  p ressu red   nip  o f  

cooperating  ro l le rs   and  a  release  sheet  is  posi t ioned  between 

the  dye  printed  side  of  said  p las t i c   sheet  and  the  adjacent  n ip  

r o l l e r .  

21.  The  method  of  claim  1  wherein  said  dye  p a t t e r n   abso rbed  

a r t i c l e   is  brought  to  a  su f f i c i en t   thermoforming  t e m p e r a t u r e  

and  thermoformed  into  a  des i r ed   shape  to  ob ta in   a  dye  p a t t e r n  

absorbed  and  shaped  p las t i c   a r t i c l e .  

22.  A  method  for  t r a n s f e r i n q   a  dye  p a t t e r n   on  and  below  the  

surface  of  a  p las t ic   a r t i c l e   comprising  applying  dispersed  dyes 

in  a  p a t t e r n   to  the  s u r f a c e   of  a  p l a s t i c   web,  a p p l y i n g  

su f f i c i en t   heat  to  said  web  to  prepare  it  for  thermoforming  and 

for  subliminq  said  dyes  into  said  web  and  thermoforming  s a i d  

web  into  said  dye  pattern  absorbed  p las t i c   a r t i c l e .  

23.  The  method  of  claim  22  wherein  said  a r t i c l e   is  formed  by 

vacuum  forming  said  web. 

24.  The  method  of  claim  22  wherein  said  a r t i c l e   is  formed 

during  the  dye  sub l ima t ion   step  or  a f t e r   the  dye  s u b l i m a t i o n  

s t e p .  

25.  A  decorated  p l a s t i c   a r t i c l e   compr is ina   a  s u b s t a n t i a l l y  

non-porous  surface  penetrated  with  dispersed  dyes  therein  in  a 

p a t t e r n ,   said  pattern  being  durable  against  weather ing.  



26.  The  decora t ed   p l a s t i c   a r t i c l e   of  claim  25  wherein  s a i d  

p a t t e r n   has  high  d e f i n i t i o n   of  b r u s h - s t r o k e   c l a r i t y   and  i s  

durable  against  the  weather  for  over  1  year .  

27.  The  a r t i c l e   of  clai-m  25  being  of  t he rmop la s t i c .  

28.  The  a r t i c l e   of  claim  25  being  of  thermo-set  p l a s t i c .  

29.  The  a r t i c l e   of  c l a i m  2 5   wherein  said  a r t i c l e   is  a  web 

laminated  or  fused  on  i ts   reverse  side  to  a  support  member. 

30.  The  a r t i c l e   of  c la im  25  wherein  said  a r t i c l e   is  a  web 

having  two  opposed  s ides   and  each  of  said  s ides  has  a  s u r f a c e  

p e n e t r a t e d   with  d i s p e r s e d   dyes  in  a  pa t t e rn   so  as  to  be  dye 

penetrated  on  at  least   two  s i d e s .  

31.  The  a r t i c l e   of  claim  25  laminated  or  fused  to  a  s u b l a y e r .  

32.  The  a r t i c l e   of  claim  25  being  deformed  or  molded  into  a 

three-dimensional   a r t i c l e .  

33.  An  appara tus   for  t r a n s f e r r i n g   dye  p a t t e r n s   on  and  be low 

the  surface  of  p l a s t i c   a r t i c l e s   comprising,  means  for  p r i n t i n g  

a  dye  p a t t e r n   on  the  s u r f a c e   of  a  p l a s t i c   a r t i c l e ,   means  f o r  

applying  s u f f i c i e n t   sub l iming   energy  to  sublime  said  dyes  on 

and  below  the  surface  of  said  p l a s t i c   a r t i c l e   to  obtain  a  dye- 

decorated  p l a s t i c   a r t i c l e .  

34.  The  appa ra tu s   of  claim  33  wherein  the  subl iming  e n e r g y  

means  is  a  radio  frequency  generat ing  p r e s s .  

35.  The  a p p a r a t u s   of  c laim  33  wherein  said  a r t i c l e   is  a 

p l a s t i c   web,  s a id   p r i n t i n g   means  a  p r i n t i n g   p r e s s ,   t h e  

subliming  energy  means  is  a  heated  press,  which  press  is  opened 

a f t e r   the  dye  t r a n s f e r   s t ep ,   to  permit  conlinq  of  the  d y e -  

absorbed  web. 

36.  The  a p p a r a t u s   of  claim  35  havinQ  a  coolinq  press   and 

means  to  convey  said  web  from  the  heated  press  to  the  c o o l i n g  

p r e s s .  

37.  A  method  for  dye  pat tern   t rans fe r   on  ard  below  the  s u r f a c e  

of  a  p las t ic   a r t i c l e   comprising,   contactinq  the  printed  side  o f  

aged  heat  t r a n s f e r   paper  having  subl imable   dyes  thereon  in  a 

p a t t e r n ,   with  the  s u r f a c e   of  said  a r t i c l e ,   applying  r a d i o  

frequency  waves  at  s u f f i c i e n t   frequency  and  power  to  s a i d  



p l a s t i c   a r t i c l e   to  s u f f i c i e n t l y   heat  said  a r t i c l e   and  s a i d  

surface  to  sublime  said  dye  pattern  on  and  below  said  su r f ace ,  

cooling  said  surface  below  the  sublimation  temperature  for  s a id  

dyes  and  separating  the  heat  t ransfer   paper  from  said  su r face  

to  obtain  a  dye  pat tern  absorbed  p las t ic   a r t i c l e d  

38.  The  method  of  claim  37  wherein  said  a r t i c l e   is  a  p l a s t i c  

web,  said  web  and  said  heat  t ransfer   paper  are  placed  f a c e - t o -  

face  between  a  brass  p la te   above  and  an  i ne r t   b a r r i e r   pad 

be low, . ' to   form  a  q u a d r i - l a y e r   assembly,   which  assembly  i s  

placed  between  the  p l a t e s   of  an  RF  p ress ,   said  RF  press  i s  

closed  on  said  assembly  at  1  to  20  psiq,   RF  t r a n s m i s s i o n   i s  

applied  to  said  assembly  for  1  to  12  seconds,  said  RF  press  i s  

opened  and  the  assembly  minus  the  brass   p la te   plus  an  i n e r t  

cover  sheet   is  t r a n s m i t t e d   to  a  cool ing  p ress ,   said  c o o l i n g  

press  is  closed  on  said  assembly  at  1  to  20  psig,   to  cool  s a i d  

web  below  the  dye  sublimation  temperature,   said  cooling  p ress  

is  opened  and  the  r e s p e c t i v e   l ayers   of  the  assembly  a r e  

separated  to  obtain  a  dye  pat tern  absorbed  p l a s t i c   web. 

39.  The  method  of  claim  38  wherein  a  dye  p a t t e r n   is  p r i n t e d  

d i r e c t l y   on  said  p l a s t i c   web,  said  heat  t r a n s f e r   paper  i s  

omitted  and  the  process  r epea ted .  

40.  The  method  of  claim  7 wherein  said  thermal  press  is  opened 

and  said  a r t i c l e   and  said  adjacent  release  sheets  are  conveyed 

between  the  p l a t ens   of  a  cool ing  press ,   said  cool ing  press  i s  

closed  thereon  to  a  p re s su re   of  1  to  20  psig  to  cool  s a i d  

a r t i c l e   and  said  cooling  press  is  opened. 
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