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5J)  Process  and  apparatus  for  forming  permanent  images  using  carrier  supported  inks  containing  sublimable  dyes. 

A  process  for  forming  a  permanent,  abrasion  and  chemi- 
cal  resistant  image  on  a  fabric  or  plastic  substrate  is  disclosed 
which  comprises  (a)  providing  a  printing  matrix  having  raised 
portions  in  the  shape  of  the  image  to  be  printed  on  the  sub- 
strate,  (b)  providing  a  carrier  supported  ink  comprising  (1)  a 
uniform  coating  of  an  ink  composition  comprising  a  sublimable 
dye,  (2)  a  carrier  sheet  for  supporting  said  coating  on  one  sur- 
face  thereof,  (c)  disposing  the  carrier  supported  ink  adjacent 
to  the  printing  matrix  such  that  the  uncoated  surface  of  the 
carrier  sheet  faces  the  printing  matrix,  (d)  providing  a  fabric  or 
plastic  film  substrate  having  a  surface  into  which  said  sublim- 
able  dye  can  diffuse,  (e)  disposing  the  substrate  such  that  the 
surface  thereof  faces  the  coated  surface  of  the  carrier  sheet, 

(f)  applying  pressure  between  said  printing  matrix  and  said 
substrate  to  cause  the  printing  matrix  to  contact  the  uncoated 
surface  of  the  carrier  sheet  and  the  coated  surface  of  the  carri- 
er  sheet  to  contact  the  substrate  surface,  said  pressure  being 
applied  under  conditions  sufficient  to  cause  the  ink  composi- 
tion  to  completely  transfer  from  the  carrier  sheet  to  the  sub- 
strate  surface  in  the  shape  of  the  image  defined  by  the  raised 
portions  of  the  printing  matrix,  but  insufficient  to  cause  the  dye 
in  the  ink  composition  to  sublime  or  vaporize,  and  (g)  heating 
the  ink  composition  which  has  been  transferred  to  the  sub- 
strate  surface,  said  heating  occurring  under  conditions  suffi- 
cient  to  cause  the  dye  therein  to  sublime  or  vaporize  and  then 
diffuse  into  the  substrate  surface. 



BACKGROUND  OF  THE  I N V E N T I O N :  

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

This  i n v e n t i o n   r e l a t e s   to  c a r r i e r   s u p p o r t e d   inks  which  c o n t a i n  

sub l imable   dyes  and  to  a  p r o c e s s   and  a p p a r a t u s   for  p r i n t i n g   f a b r i c  

or  p las t ic   film  s u b s t r a t e s   with  such  c a r r i e r   s u p p o r t e d   inks  t o  

r e n d e r   the  images  p r i n t e d   on  the  s u b s t r a t e s   a b r a s i o n   and  c h e m i c a l  

r e s i s t a n t .  

T h e   i n v e n t i o n   is  p a r t i c u l a r l y   su i t ab le   for  use  in  p r e p a r i n g  

p r i n t e d   fabr ic   or  p las t i c   film  labels  which  can  be  s u b j e c t e d   t o  

c o r r o s i v e   l a u n d e r i n g   cond i t i ons   or  h i g h l y   a b r a s i v e   c o n d i t i o n s  

wi thout   e f fac ing   t he i r   l e g i b i l i t y .  

D e s c r i p t i o n   of  the  Pr ior   A r t  

Prior   to  the  p r e s e n t   i n v e n t i o n ,   p r i n t e d   fabr ic   labels   w e r e  

made  us ing   a  v a r i e t y   of  we l l -known   t e c h n i q u e s ,   such   as  s c r e e n  

p r i n t i n g ,   of fse t   l i t h o g r a p h y   p r i n t i n g ,   d y e i n g ,   f l e x o g r a p h i c  

p r i n t i n g ,   and  i n - p l a n t   p r i n t i n g .  

Screen   p r i n t i n g ,   also  known  as  s i l k  s c r e e n ,   employs  a  p o r o u s  

s tenc i l   moun ted   on  a  s c r e e n ,   in  which  the  n o n p r i n t i n g   a reas   a r e  

p r o t e c t e d   by  the  s t enc i l .   P r i n t i n g   is  done  on  a  m e c h a n i z e d   p r e s s  

by  f eed ing   the  cloth  u n d e r   the  screen-,  a p p l y i n g   ink  w i th   a  

p a i n t - l i k e   c o n s i s t e n c y   to  the  s c r e e n ,   and  s p r e a d i n g   and  f o r c i n g   i t  

t h r o u g h   the  fine  mesh  o p e n i n g s   with  a  s q u e e g e e .  
In  the  of fse t   l i t h o g r a p h y   me thod ,   the  image  and  n o n - i m a g e  

a reas   are  e s s e n t i a l l y   on  the  same  plane  of  the  s u r f a c e   of  a  t h i n  

metal  p l a t e ,   the  de f in i t ion   be tween   them  be ing   m a i n t a i n e d  

c h e m i c a l l y .   The   ink  is  p i cked   up  by  the  h y d r o p h o b i c   a reas   on  t h e  

plate  but  is  not  p i c k e d   up  by  the  h y d r o p h i l i c   a r e a s .   The  image  i s  

then   t r a n s f e r r e d   to  an  of fse t   r u b b e r   roll,  then  from  the  roll  to  t h e  

fabr ic   s h e e t .  



F l e x o g r a p h i c   p r i n t i n g   is  a  form  of  r o t a r y   l e t t e r p r e s s   u s i n g  

f lexib le   r u b b e r   p la tes   and  f a s t - d r y i n g   fluid  inks .   The  r u b b e r  

p la t e s   utilize  the  rel ief   method  for  image  c r e a t i o n ,   where  the  i m a g e  

a rea   is  r a i sed   above  the  n o n - i m a g e   a rea .   Ink  ro l lers   touch  o n l y  

the  top  s u r f a c e   of  the  r a i sed   a reas .   The  s u r r o u n d i n g ,  

n o n - p r i n t i n g ,   a reas   are  lower  and  do  not  r ece ive   ink.  The  i n k e d  

image  is  t r a n s f e r r e d   d i r e c t l y   to  the  cloth.   Dyeing   can  be  a c h i e v e d  

by  u s i n g   d y e s t u f f s   r a t h e r   than   p i g m e n t e d   inks  in  any  of  t h e  

p r i n t i n g   p r o c e s s e s   d e s c r i b e d   above .   The  use  of  dyes ,   h o w e v e r ,  

r e q u i r e s   add i t iona l   a f te r   t r e a t m e n t s   to  fix  the  dye  in  the  f a b r i c .  

All  of  these   methods   lend  t h e m s e l v e s   to  use  on  la rge   s c a l e  

commercia l   p r i n t i n g   e q u i p m e n t   in  which  la rge   shee t s   or  webs  o f  

f ab r i c   are  p r i n t e d ,   and  then   cut  or  slit  into  s t r i p s   for  f a b r i c  

l abe l s .   These  labels   are  su i t ab le   for  use  in  ga rmen t s   for  t h e  

p u r p o s e   of  d e c o r a t i o n ,   i d e n t i f i c a t i o n ,   a d v e r t i s i n g ,   wash  and  c a r e  

i n s t r u c t i o n s ,   size,  p r i ce ,   as  well  as  o the r   p u r p o s e s .  
However ,   t h e r e   are  economic  d i s a d v a n t a g e s   to  labels   p r o d u c e d  

by  t he se   large  commercial   m e t h o d s .   P u r c h a s e r s   of  labels  must  b u y  

l a rge   minimum  q u a n t i t i e s   of  a  p a r t i c u l a r   type   of  label  to  max imize  

economies   of  scale.   T h e r e f o r e ,   due  to  the  large  n u m b e r   o f  

p o s s i b l e   combina t ions   of  colors ,   size,  fabr ic   con t en t ,   etc.  for  a  

p a r t i c u l a r   ga rmen t   and  minimum  o r d e r   r e q u i r e m e n t s   a  l a r g e  

i n v e n t o r y   of  labels  must  be  m a i n t a i n e d   to  e n s u r e   that   each  g a r m e n t  

r e c e i v e s   the  p r o p e r   l abe l l ing   which  is  r e q u i r e d .   In  add i t ion   to  t h e  

obv ious   costs   of  ma in t a in ing   an  exces s   i n v e n t o r y ,   t he re   are  c o s t s  

of  label  o b s o l e s c e n c e .   Moreove r ,   an  i n s u f f i c i e n t   i n v e n t o r y   r e s u l t s  

in  i m p r o p e r l y   labeled   g a r m e n t s   which  many  times  cannot   be  u s e d  

unt i l   they   are  labeled   p r o p e r l y .   This  often  r e s u l t s   i n  

m a n u f a c t u r i n g   or  ga rmen t   p r o c e s s i n g   faci l i t ies   which  must  s h u t  

down  until   p r o p e r   labels   can  be  o b t a i n e d .  

These   d i s a d v a n t a g e s   have  led  to  the  w i d e s p r e a d   use  o f  

i n - p l a n t   p r i n t i n g   sys t ems   which  allow  label  u s e r s   to  p r in t   l a b e l s ,  

as  r e q u i r e d ,   in  d i rec t   r e s p o n s e   to  the i r   m a n u f a c t u r i n g   n e e d s .   T h e  

main  a d v a n t a g e   of  i n - p l a n t   p r i n t i n g   sy s t ems   is  that   label  c h a n g e s  

can  be  made  qu ick ly ,   e l imina t ing   the  need  for  large  i n v e n t o r i e s   o f  

p r e - p r i n t e d   labels ,   with  s u b s e q u e n t   economic  a d v a n t a g e s .   E a r l y  



methods   of  i n - p l a n t   p r i n t i n g   sy s t ems   u t i l i zed   small  v e r s i o n s   o f  

f l e x o g r a p h i c   or  similar  p r i n t i n g   sys t ems   us ing   a  fluid  or  pa s t e   i n k .  

An  example  of  the  type  of  sys tem  which  can  b e   u sed   to  p r i n t  

fabr ic   labels  with  an  indel ib le   ink  is  d i sc losed   in  U. S.  Pa t en t   N o .  

3 ,733 ,212 .   In  this  sy s t em,   a  fabr ic   label  made  of  p o l y e s t e r   or  of  a  

p o l y e s t e r / c o t t o n   b lend  and  h a v i n g   a  t h e r m o p l a s t i c   a d h e s i v e   l aye r   i s  

p r i n t e d   with  a   l iquid  ink  which  con ta ins   a  water   d i s p e r s e d   d y e  

capable   of  inde l ib ly   dye ing   the  f ibers   of  the  fabr ic   when  h e a t e d   t o  

an  e l eva ted   t e m p e r a t u r e .  

A l though   these   i n - p l a n t   p r i n t i n g   s y s t e m s   are  still  in  u s e  

today ,   they  have  in  large  par t   been  s u p p l a n t e d   by  hot  s t a m p i n g  

i n - p l a n t   p r i n t i n g   t e c h n o l o g y   which  ut i l izes   c a r r i e r   s u p p o r t e d   i n k .  

A  c a r r i e r   s u p p o r t e d   ink,   of ten  r e f e r r e d   to  as  a  hot  s t a m p i n g   fo i l ,  

compr i ses   a  dry   ink  coa t ing   on  one  side  of  a  c a r r i e r   s h e e t .  

Examples   of  c a r r i e r   s u p p o r t e d   inks  can  be  found  in  U.S .   P a t e n t  

Nos.  3 ,441,425  and  4 ,251 ,276 .   The  p r i n t e d   image  is  c r e a t e d   w h e n  

metal  rel ief   type  or  c h a r a c t e r s   on  a  p r i n t i n g   p la te   are  b r o u g h t   i n t o  

in t imate   con tac t   with  the  u n c o a t e d   side  of  the  c a r r i e r .   The  c o a t e d  

side  is  s i m u l t a n e o u s l y   b r o u g h t   i n t o   in t imate   con t ac t   with  t h e  

a p p r o p r i a t e   fabr ic   u n d e r   p r e s s u r e   a n d / o r   hea t .   Upon  removal   o f  

the  p r i n t i n g   e lement   or  plate  from  the  c a r r i e r ,   the  c a r r i e r  

s u p p o r t e d   ink  is  pul led   away  from  the  f abr ic ,   l e a v i n g   the  image  o n  

the  fabr ic   where  the  top  areas   of  the  ra i sed   p r i n t i n g   e l ements   c a m e  

into  contac t   with  the  c a r r i e r .   The  a d v a n t a g e s   of  this  method   o v e r  

i n - p l a n t   ink  p r i n t i n g   sys t ems   are  that   t he re   is  no  ink  to  spill  o r  

clean  up,  the  p r in t   opac i ty   and  c o n t r a s t   is  s u p e r i o r ,   and  the  p r i n t  

qua l i ty   is  more  con t ro l l ed   since  the  ink  coa t ing   is  of  u n i f o r m  

t h i c k n e s s .   All  of  the  above  methods   p r o v i d e   text i le   and  g a r m e n t  

m a n u f a c t u r e r s   with  labels  of  high  p r in t   qua l i t y   and  d u r a b i l i t y  

u n d e r   most  r e q u i r e m e n t s   of  washab i l i t y   and  d ry   c l e a n i n g .  

However ,   one  segment   of  the  ga rment   i n d u s t r y ,   i n d u s t r i a l  

u n i f o r m   m a n u f a c t u r e r s   and  l a u n d r y   s e r v i c e s ,   has  been  p r o v i d e d  
with  high  qua l i ty ,   d u r a b l e   p r i n t e d   fabr ic   labels   only  from  l a r g e  

scale  commercial  p r i n t i n g   h o u s e s ,   and  not  from  i n - p l a n t   p r i n t i n g  

s y s t e m s .   I n d u s t r i a l   un i forms   are  s u b j e c t e d   to  e x t r e m e l y   - c o r r o s i v e  

and  ab r a s ive   l a u n d e r i n g   cond i t ions   which  d e s t r o y   the  l eg ib i l i t y   o f  



o r d i n a r y   fabr ic   l abe ls .   T h e r e f o r e ,   p r e p r i n t e d   dyed  l abe ls ,   w h e r e  

the  image  is  a c tua l ly   fixed  into  the  fabr ic   of  the  label,   a n d  

p r e p r i n t e d   labels  with  cu r ed   or  t h e r m o p l a s t i c   o v e r c o a t i n g s   a r e  

r e q u i r e d   to  mainta in   l eg ib i l i ty .   I n d u s t r i a l   uniform  m a n u f a c t u r e r s  

r e q u i r e   p r i n t   l eg ib i l i ty   for  a d v e r t i s i n g   p u r p o s e s   and  to  allow  t h e  

g a r m e n t   use r   to  maintain   size  i n t e g r i t y   of  his  ga rmen t s   a f te r   e a c h  

i n d u s t r i a l   l a u n d e r i n g .   If  the  ga rmen t   size  on  the  label  b e c o m e s  

i l l eg ib le ,   the  g a r m e n t   cannot   be  c lass i f i ed   p r o p e r l y   a c c o r d i n g   t o  

size.   I n d u s t r i a l   un i form  s e r v i c e s   have  o b s e r v e d   that   un less   l a b e l  

l eg ib i l i t y   is  m a i n t a i n e d ,   a  high  p e r c e n t a g e   of  un i forms   are  l o s t ,  

s to l en ,   or  misp laced   .dur ing   the  l a u n d e r i n g   p r o c e s s .  

T h u s ,   the  i n d u s t r i a l   ga rmen t   i n d u s t r y   is  forced  into  u s i n g  

only  p r e p r i n t e d   labels   d u r i n g   the  m a n u f a c t u r e   and  l a u n d e r i n g  

p r o c e s s e s ,   de sp i t e   the i r   la rge   i n v e n t o r y   r e q u i r e m e n t s   a n d  

o b s o l e s c e n c e   cos ts   b e c a u s e   the  most  p r a c t i c a l ,   economic,   a n d  

v e r s a t i l e   labels  p r i n t e d   with  c a r r i e r   s u p p o r t e d   ink  i n - p l a n t  

p r i n t i n g   t e c h n o l o g y   do  not  s u r v i v e   r e p e a t e d   i n d u s t r i a l   l a u n d e r i n g s .  

Tex t i l e s   have  been  p r i n t e d   with  des igns   for  many  yea r s   u s i n g  

a  t e c h n i q u e   r e f e r r e d   to  as  t r a n s f e r   p r i n t i n g .   In  an  ear ly   v e r s i o n  

of  this  t e c h n i q u e   known  as  wet  t r a n s f e r   p r i n t i n g ,   a  p a p e r   c a r r i e r  

shee t   was  p r i n t e d   with  a  des ign   us ing   a  g r a v u r e   p r i n t i n g  

t e c h n i q u e   with  a  wide  v a r i e t y   of  dye  c l a s se s ,   such  as  vat ,   a c i d  

and  d i r ec t   dyes ,   and  ace ta te   d i s p e r s e d   d y e s t u f f s .   The  p r i n t i n g  

inks   c o n t a i n e d   t h e r m o p l a s t i c   c o m p o n e n t s .   When  the  p r i n t e d   p a p e r  

was  b r o u g h t   in  con tac t   with  the  f abr ic ,   t r a n s f e r   of  the  p r in t   f r o m  

the  p a p e r   to  the  fabr ic   was  e f f ec ted   by  a p p l y i n g   heat   a n d  

p r e s s u r e .   The  p r i n t s   on  the  fabr ic   were  then  t r e a t e d   with  s t e a m  

to  set  the  d y e s t u f f s   followed  by  wash ing   to  remove  t h i c k e n e r s .  

Such  a f t e r t r e a t m e n t s   are  those  employed   in  c o n v e n t i o n a l   t e c h n i q u e s  

for  d y e i n g   f a b r i c s .   An  example  of  this  type   of  t r a n s f e r   p r i n t i n g  

is  shown  in  U.S.   Pa t en t   N o .  2 , 9 1 1 , 2 8 0 .  

A n o t h e r   t e c h n i q u e   for transfer  p r i n t i n g   is  r e f e r r e d   to  a s  

t h e r m a c r o m e   or  melt  t r a n s f e r   p r i n t i n g .   In  this  t e c h n i q u e ,   a  

d e s i g n   is  p r i n t e d   onto  a  c a r r i e r   p a p e r   with  a  t h e r m o p l a s t i c   r e s i n  

c o n t a i n i n g   a  p i g m e n t .   To  effect   t r a n s f e r   of  the  p r i n t e d   des ign   t o  

a  f ab r i c ,   the  p r i n t e d   pape r   is  hea t ed   in  con tac t   with  the  f a b r i c  



w h e r e u p o n   the  res in   melts  and  is  p a r t i a l l y   t r a n s f e r r e d   to  t h e  

fabr ic   s u b s t r a t e .   Such  p r i n t s   do  not  r e q u i r e   an  a f t e r t r e a t m e n t .  

Var ia t ions   of  this  t e c h n i q u e   are  of ten  r e f e r r e d   to  as  d e c a l c o m a n i a .  

U.S.   Pa ten t   Nos.  4 ,037 ,008   and  4 ,038 ,123   are  e x e m p l a r y .  

A  th i rd   type   of  t r a n s f e r   p r i n t i n g   t e c h n i q u e   is  known  as  d r y  

t r a n s f e r ,   sub l ima t ion   t r a n s f e r   or  vapor   phase   t r a n s f e r .   Using  t h i s  

t e c h n i q u e ,   a  heat   r e s i s t a n t   c a r r i e r   such  as  pape r   is  p r i n t e d   w i t h  

inks  c o n t a i n i n g   sub l imable   d y e s t u f f s .   The  p r i n t e d   p a p e r   is  t h e n  

p laced   in  con tac t   with  the  fabr ic   s u r f a c e .   When  heat  and  p r e s s u r e  

are  appl ied   to  the  back  of  the  p a p e r ,   the  dyes  sublime  from  t h e  

ink  on  the  p a p e r ,   d i f fuse   ac ross   the  air  gap  to  the  s u r f a c e   of  t h e  

f ibers   in  the  f ab r i c ,   c o n d e n s e   on  the  f ibers   and  then  d i f fuse   i n t o  

the  i n t e r i o r s   of  the  f i b e r s .   Since  not  all  of  the  dye  s u b l i m e s  

d u r i n g   one  a p p l i c a t i o n ,   the  t r a n s f e r   p a p e r   can  often  be  used   a  

n u m b e r   of  times  to  t r a n s f e r   the  same  d e s i g n .   This  t h i rd   type   o f  

t r a n s f e r   p r i n t i n g   has  become  the  most  widely  a c c e p t e d   of  t h e s e  

methods   for  p r i n t i n g   f ab r i c s   with  d e s i g n s .   Numerous   examples   o f  

this  type  of  t r a n s f e r   p r i n t i n g   can  be  found  in  U.S.   Pa t en t   N o s .  

3 ,363 ,557 ,   3 ,484 ,342 ,   3 , 707 ,346 ,   3 , 8 1 3 , 2 1 6 ,   3 ,888 ,623 ,   3 , 9 6 9 , 0 7 1 ,  

4 ,021 ,591 ,   4 ,058 ,644 ,   4 , 171 ,202 ,   4 , 171 ,230 ,   4 ,205 ,991   a n d  

4 ,278 ,434 .   This  t e c h n i q u e   can  also  be  used   to  dye  s u b s t r a t e s  

o the r   than  fabr ic   as  shown  in  U.S.   Pa t en t   Nos.  3 , 2 3 9 , 3 6 6 ,  

3 ,508,492  and  4 , 0 5 9 , 4 7 1 .  

In  dry  t r a n s f e r   p r i n t i n g ,   d e s i g n s   are  p r i n t e d   us ing   a  v a r i e t y  

of  t e c h n i q u e s   such  as  l e t t e r p r e s s ,   f l e x o g r a p h i c ,   g r a v u r e ,   r o t a r y  

s c r e e n   or  offset   l i t h o g r a p h y .   The  c a r r i e r   onto  which  the  d e s i g n s  

are  p r i n t e d   must  be  a  shee t   of  a  heat   r e s i s t a n t   mate r ia l .   Pape r   o r  

metal  foils  are  the  p r e f e r r e d   c a r r i e r s   used  in  v i r t u a l l y   a l l  

app l i ca t ions   b e c a u s e   they   are  heat   r e s i s t a n t   at  the  t e m p e r a t u r e s  
be tween   about   66°C  (150°F)  and  260°C  (500°F) ,   and  g e n e r a l l y  

be tween   about   177°C  (350°F)  and  232°C  (450°F) ,   and  for  t h e  

pe r iods   of  time  from  a  few  s econds   to  a  f e w   minutes   r e q u i r e d   t o  

vapor ize   the  sub l imab le   d y e s t u f f   in  the  ink.   All  o the r   c a r r i e r  

mater ia ls   which  are  not  heat   r e s i s t a n t ,   such  as  p las t ic   films,  w o u l d  

become  de formed   or  d e s t r o y e d   or  would  be  dyed  t h e m s e l v e s   a t  

such  e l eva ted   t e m p e r a t u r e s .   The  inks  c o n t a i n i n g   the  s u b l i m a b l e  



dyes   also  conta in   r e s in s   and  o the r   b i n d e r   componen t s   such  a s  

s u r f a c e   act ive  agen t s   and  v i s c o s i t y   modi f ie rs .   These   b i n d e r  

c o m p o n e n t s   func t ion   to  hold  the  d y e s t u f f   onto  the  p a p e r   c a r r i e r  

and  remain  on  the  c a r r i e r   fol lowing  sub l imat ion   of  the  d y e s t u f f .  

T h e r e f o r e ,   these   b i n d e r   c o m p o n e n t s   cannot   i n t e r f e r e   with  t h e  

p a r t i a l   sub l imat ion   and  t r a n s f e r   of  the  v a p o r i z e d   d y e s t u f f   from  t h e  

ink  to  the  fabr ic   s u r f a c e ,   nor  can  they   conta in   any  wax  or  o t h e r  

mel tab le   or  t h e r m o p l a s t i c   c o m p o n e n t s   which  would  i n t e r f e r e   w i t h  

the  t r a n s f e r   p r o c e s s .   Unde r   the  app l i ca t ion   of  heat  and  p r e s s u r e ,  
t h e s e   meltable  c o m p o n e n t s   would  smear  from  one  s u r f a c e   to  t h e  

o t h e r   p r o d u c i n g   a  d i f fu sed   or  d i s c o n t i n u o u s   image  c aused   by  a  

s p r e a d i n g   of  the  i n k .  

T r a n s f e r   p r i n t i n g   t e c h n i q u e s   are  as  u n s u i t a b l e   as  the  o t h e r  

l a rge   scale  commercial   p r i n t i n g   methods   for  p r i n t i n g   d i r ec t l y   o n  

fabr ic   labe ls .   The  t r a n s f e r   p a p e r s   must  f i rst   be  p r i n t e d   with  t h e  

c h a r a c t e r s   or  des ign   which  is  to  be  t r a n s f e r r e d   to  the  l a b e l s .  

P r e p r i n t i n g   is  u sua l ly   done  off  site  in  large  volume  to  be  e c o n o m i c .  

In  o r d e r   to  e n s u r e   tha t   each  g a r m e n t   will  rece ive   the  p r o p e r  

l abe l l i ng   which  is  r e q u i r e d ,   a  l a rge   i n v e n t o r y   of  d i f f e r e n t   l a b e l s  

must   be  m a i n t a i n e d .   If  the  p r i n t i n g   were  to  be  done  i n - p l a n t ,   a n  

equa l ly   large  i n v e n t o r y   of  d i f f e r e n t   p r e p r i n t e d   t r a n s f e r   p a p e r s  
would  be  r e q u i r e d .   Moreove r ,   the  p r i n t i n g   ro l le rs   are  v e r y  

e x p e n s i v e   and  slow  to  p r o d u c e .  

As  d e s c r i b e d   above ,   the  most  economical   and  e f f ic ient   m e t h o d  

of  i n - p l a n t   p r i n t i n g   i nvo lves   hot  s t a m p i n g   t e c h n o l o g y   u t i l i z i n g  

c a r r i e r   s u p p o r t e d   inks .   Fabr ic   labels  p r i n t e d   u s ing   c a r r i e r  

s u p p o r t e d   inks  cannot   w i t h s t a n d   e x t r e m e l y   c o r r o s i v e   and  a b r a s i v e  

l a u n d e r i n g   cond i t ions   to  the  same  d e g r e e   as  labels  in  which  t h e  

fabr ic   has  been  dyed .   T r a n s f e r   p a p e r s ,   such  as  those   e m p l o y e d  

in  d ry   t r a n s f e r   p r i n t i n g   t e c h n i q u e s   to  dye  fabric  with  p r e p r i n t e d  

d e s i g n s ,   h o w e v e r ,   could  not  be  employed   in  hot  s t amp ing   p r i n t i n g  

s y s t e m s   that   p r e s e n t l y   employ  c a r r i e r   s u p p o r t e d   inks .   B e c a u s e  

t r a n s f e r   p a p e r s   must  be  s u f f i c i e n t l y   heat  r e s i s t a n t   to  w i t h s t a n d   t h e  

r e l a t i v e l y   high  t e m p e r a t u r e s   and  long  dwell  times  r e q u i r e d   to  

v a p o r i z e   the  d y e s t u f f s   p r i n t e d   on  the  p a p e r s   to  cause  them  to  

t r a n s f e r   to  the  fabric   s u b s t r a t e s ,   they   simply  would  be  i n o p e r a t i v e  



in  hot  s t a m p i n g   e q u i p m e n t   in  which  the   p r i n t i n g   e l ements   are  a t  

lower  t e m p e r a t u r e s   and  the  dwell  times  are  v e r y   s h o r t .   The  h e a t  

r e s i s t a n t   p a p e r   would  p r e v e n t   the  d y e s t u f f   from  r e a c h i n g   i t s  

sub l imat ion   t e m p e r a t u r e   and  t r a n s f e r r i n g   to  the  fabr ic   s u b s t r a t e .  

Moreove r ,   the  ink  fo rmula t ion   used   to  p r i n t   t r a n s f e r   p a p e r s   i s  

d e s i g n e d   to  remain  on  the  p a p e r   d u r i n g   sub l ima t ion   and  t r a n s f e r   o f  

the  d y e s t u f f   to  the  fabr ic   and  t h e r e f o r e ,   would  be  i n o p e r a t i v e  

u n d e r   the  cond i t i ons   employed  in  hot  s t a m p i n g   e q u i p m e n t .   If  a  

t r a n s f e r   pape r   were  to  be  made  with  a  less  heat   r e s i s t a n t   c a r r i e r  

ma te r i a l ,   then  the  t e m p e r a t u r e s   and  dwell  times  r e q u i r e d   t o  

v a p o r i z e   and  t r a n s f e r   the  d y e s t u f f   would  d e s t r o y   or  deform  t h e  

c a r r i e r   and  cause   a  poor  image  to  be  t r a n s f e r r e d   to  the  f a b r i c  

s u b s t r a t e .  

SUMMARY  OF  THE  I N V E N T I O N :  

In  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n ,   c a r r i e r   s u p p o r t e d  

inks  c o n t a i n i n g   sub l imable   dyes  are  p r e p a r e d   which  can  be  used   i n  

an  i n - p l a n t   p r i n t i n g   sys tem  for  p r i n t i n g   fabr ic   labels   and  which  d o  

not  exhib i t   the  l imi ta t ions   and  d r a w b a c k s   of  the  p r io r   art  s y s t e m s .  

The  c a r r i e r   s u p p o r t e d   inks  of  the  p r e s e n t   i n v e n t i o n   are  p r e p a r e d  

by  un i formly   coa t ing   a  c a r r i e r   shee t   with  a  l ayer   of  an  i n k  

composi t ion   c o n t a i n i n g   a  sub l imab le   dye  and  h a v i n g   a  d i s c o n t i n u o u s  

s t r u c t u r e .  

The  c a r r i e r   shee t s   which  can  be  employed   in  the  p r a c t i c e   o f  

this  i nven t ion   are  made  of  mater ia l s   which  are  compa t ib le   with  t h e  

ink  compos i t ions   to  be  coated   on  the i r   s u r f a c e s .   The  c a r r i e r  

shou ld   have  a  t h i c k n e s s   and  the rmal   c o n d u c t i v i t y   that   will  p e r m i t  

it  to  conform  to  the  ra i sed   p o r t i o n s   of  the  p r i n t i n g   mat r ix   and  t o  

r ead i ly   t r ansmi t   the  heat   a n d / o r   p r e s s u r e   from  the  s t a m p i n g  

e q u i p m e n t   in  which  it  is  employed   to  the  ink  coa t ing   wi thout   b e i n g  

d e s t r o y e d .   The  s u r f a c e   of  the  c a r r i e r   shou ld   be  smooth  a n d  

s u f f i c i e n t l y   compat ib le   with  the  ink  compos i t ion   so  that   the  ink  will 

un i fo rmly   coat  the  c a r r i e r   and  will  not  c r a c k   or  flake  at  r o o m  

t e m p e r a t u r e ,   but  will  permi t   complete   t r a n s f e r   of  the  ink  w h e n  

s u b j e c t e d   to  the  heat  a n d / o r   p r e s s u r e   of  the  s t a m p i n g   o p e r a t i o n .  



The  ink  compos i t ion   for  coa t ing   the  c a r r i e r   compr i ses   a  

sub l imab le   dye,   a  r e s in ,   a  wax,  and  op t iona l ly ,   o ther   c o n v e n t i o n a l  

ink  modi f ie rs   in  amounts   which  will  form  a  d i s c o n t i n u o u s   film  o n  

the  s u r f a c e   of  the  c a r r i e r   upon  d r y i n g .   The  ink  c o m p o s i t i o n  

shou ld   be  compat ib le   with  the  c a r r i e r   so  that   it  can  un i fo rmly   c o a t  

the  c a r r i e r ,   and  should   comple te ly   t r a n s f e r   from  the  c a r r i e r   to  t h e  

s u b s t r a t e   to  be  p r i n t e d   upon  app l i ca t ion   of  heat   a n d / o r   p r e s s u r e .  
In  the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n ,   the  c a r r i e r  

s u p p o r t e d   ink  c o n t a i n i n g   the  subl imable   dye  is  p o s i t i o n e d   in  a  

s t a m p i n g   machine ,   such  as  is  c o n v e n t i o n a l l y   used   for  i n - p l a n t  

p r i n t i n g ,   b e t w e e n   the  p r i n t i n g   matr ix   and  the  s u b s t r a t e   to  b e  

p r i n t e d ,   such   as  a  fabr ic   or  p las t ic   film,  with  the  ink  coated  s i d e  

of  the  c a r r i e r   fac ing  the  s u b s t r a t e .   P r e s s u r e   is  then  a p p l i e d  

b e t w e e n   the  p r i n t i n g   mat r ix   with  a  r a i sed   image  and  the  s u b s t r a t e  

u n d e r   cond i t i ons   s u f f i c i e n t   to  cause  the  p r i n t i n g   matr ix   to  c o n t a c t  

the  u n c o a t e d   s u r f a c e   of  the  c a r r i e r   shee t   and  the  coated  s u r f a c e   t o  

c o n t a c t   the  s u b s t r a t e   s u r f a c e   and  to  cause  the  ink  composi t ion   o n  

the  c a r r i e r   to  be  comple te ly   t r a n s f e r r e d   to  the  s u r f a c e   of  t h e  

s u b s t r a t e   in  the  image  de f ined   by  the  r a i sed   p o r t i o n s   of  t h e  

p r i n t i n g   ma t r ix ,   but   i n s u f f i c i e n t   to  cause  the  dye  in  the  i n k  

compos i t ion   to  subl ime  or  v a p o r i z e .   The  ink  composi t ion   which  h a s  

been   t r a n s f e r r e d   to  the  s u b s t r a t e   s u r f a c e   is  then  hea t ed   u n d e r  

c o n d i t i o n s   su f f i c i en t   to  cause   the  dye  t h e r e i n   to  subl ime  o r  

v a p o r i z e   and  then  d i f fuse   into  the  s u b s t r a t e   s u r f a c e .   Since  t h e  

ink  image  becomes  an  i n t e g r a l   pa r t   of  the  s u b s t r a t e   mater ia l   r a t h e r  

than   mere ly   be ing   p r i n t e d   on  its  s u r f a c e ,   the  dyed  image  i s  

p e r m a n e n t   and  cannot   be  a b r a d e d   off  or  chemical ly   r emoved   f rom 

the  s u r f a c e .  

Fab r i c   labels  p r i n t e d   a c c o r d i n g   to  the  p r e s e n t   p r o c e s s   a r e  

c o r r o s i o n   and  a b r a s i o n   r e s i s t a n t   and  remain  legible  a f te r   r e p e a t e d  

e x p o s u r e   to  h a r s h   i n d u s t r i a l   l a u n d e r i n g   c o n d i t i o n s .   O t h e r  

s u b s t r a t e s ,   such  as  p las t ic   films,  p r i n t e d   with  the  p r e s e n t   p r o c e s s  

are  l ikewise   chemical   and  a b r a s i o n   r e s i s t a n t   making  them  s u i t a b l e  

for  many  i n d u s t r i a l   and  e l e c t r o n i c s   i d e n t i f i c a t i o n   a p p l i c a t i o n s .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS:  

FIG.  1  is  a  plan  view  of  an  a p p a r a t u s   su i t ab l e   for  use  i n  

p r a c t i c i n g   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n .  

FIG.  2  is  an  e n l a r g e d   e l eva t iona l   view  of  a  c a r r i e r   s u p p o r t e d  

ink  in  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n .  

FIG.  3  is  a  plan  view  of  a  f u r t h e r   a p p a r a t u s   s u i t a b l e   for  u s e  

in  p r a c t i c i n g   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS:  

In  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n ,   a  c a r r i e r   s u p p o r t e d  

ink  is  p r e p a r e d   by  un i fo rmly   coa t ing   one  side  of  a  c a r r i e r   s h e e t  

with  an  ink  composi t ion   c o m p r i s i n g   a  subl imable   dye,   a  r e s i n ,   a  

wax,  and  op t iona l ly ,   o the r   c o n v e n t i o n a l   ink  mod i f i e r s .   The  i n k  

coa t ing   is  c o n s i d e r e d   to  be  uniform  when  it  e n t i r e l y   cove r s   o n e  
s u r f a c e   of  the  c a r r i e r   shee t   and  has  a  uniform  t h i c k n e s s   or  c o a t  

w e i g h t .  

Any  web  or  film  can  be  used  as  the  c a r r i e r   shee t   p r o v i d e d  

that   it  is  made  of  a  mater ia l   that   is  compat ib le   with  the  i n k  

compos i t ion   to  be  coated   on  its  s u r f a c e .   For  the  ink  and  t h e  

c a r r i e r   to  be  compa t ib le ,   the  s u r f a c e   tens ion   of  the  ink  w h e n  

molten  should   be  less  than  the  cr i t ical   s u r f a c e   t e n s i o n   of  t h e  

c a r r i e r   for  complete  we t t i ng   by  the  ink  when  c o a t i n g   and  f o r  

complete   re lease   of  the  ink  d u r i n g   hot  s t a m p i n g .   The  c a r r i e r   m u s t  

have  a  t h i c k n e s s   and  a  thermal   c o n d u c t i v i t y   which  p e r m i t s   t h e  

c a r r i e r   to  conform  to  the  ra i sed   p o r t i o n s   on  the  p r i n t i n g   m a t r i x  

and  f u r t h e r   pe rmi t s   the  heat   and  p r e s s u r e   appl ied   to  the  back   o f  

the  c a r r i e r   by  the  hot  p r i n t i n g   mat r ix   to  be  t r a n s m i t t e d   to  a n d  

melt  or  sof ten  the  ink  composi t ion   without   d e s t r o y i n g   the  c a r r i e r ,  

so  that   the  coa t ing   will  comple te ly   re lease   from  the  c a r r i e r   in  t h e  

shape   of  the  image  de f ined   by  the  r a i sed   p o r t i o n s   of  the  p r i n t i n g  

ma t r i x .   Sui table   c a r r i e r s   can  be  made  from  low  or  h igh  d e n s i t y  

p o l y e t h y l e n e ,   low  or  high  d e n s i t y   p o l y p r o p y l e n e ,   p o l y e s t e r ,  

po lyamide ,   or  from  o the r   o r i e n t e d   or  biaxial  t h e r m o p l a s t i c   films  a s  

well  as  from  ce l lophane   films,  t h e r m o s e t   films  or  coa ted   p a p e r s ,  



such   as  g lass ine ,   which  are  s u f f i c i e n t l y   thin  to  t r a n s m i t   the  h e a t  

and  p r e s s u r e   to  melt  or  sof ten   the  ink  composi t ion   and  to  c o n f o r m  

to  the  ra ised   po r t i ons   of  the  p r i n t i n g   mat r ix .   P r e f e r a b l y ,   t h e  

c a r r i e r .  s h e e t   is  a  t h e r m o p l a s t i c   film  which  is  not  r e s i s t a n t   to  t h e  

cond i t i ons   of  t e m p e r a t u r e ,   p r e s s u r e   and  time  r e q u i r e d   to  s u b l i m e  

the  dye  into  the  s u b s t r a t e .   The  p a p e r   shee t s   used  in  the  p r i o r  

art  for  t r a n s f e r   p a p e r s   are  not  su i t ab le   for  use  in  the  p r a c t i c e   o f  

this  i n v e n t i o n   b e c a u s e   they   are  heat   r e s i s t a n t   and  a b s o r b   i n k  

p r i n t e d   t h e r e o n ,   p r e v e n t i n g   it  from  be ing   complete ly   r e l e a s e d .  

The  c a r r i e r   shee t   is  p r e f e r a b l y   smooth  to  permit   uniform  c o a t i n g  

by  the  ink  compos i t ion .   The  t h i c k n e s s   of  the  c a r r i e r   shee t   i s  

g e n e r a l l y   from  about   0.00635  mm.  to  0.0635  mm.  and  p r e f e r a b l y  

from  about   0.0127  mm.  to  0.0381  mm. 

The  subl imable   dye  which  is  used   in  the  ink  composi t ion   c a n  

be  any  d y e s t u f f   or  mix tu re   of  d y e s t u f f s   which  sublime  or  v a p o r i z e  

or  o t h e r w i s e   c o n v e r t   to  a  mobile  phase   at  a  t e m p e r a t u r e   a b o v e  

about   140°C  (284°F) ,   and  p r e f e r a b l y   be tween   about   160°C  ( 3 2 0 ° F )  

and  about   205°C  (401°F) ,   at  a t m o s p h e r i c   p r e s s u r e .   D y e s t u f f s   w i t h  

sub l imat ion   t e m p e r a t u r e s   below  140°C  can  be  used ,   but  are  not  a s  

s u i t a b l e   because   of  the i r   t e n d e n c y   to  r e sub l ime   on  wash ing   o r  

i r o n i n g ,   t h e r e b y   lower ing   the  f a s t n e s s   of  the  image  below  t h o s e  

d e s i r e d   in  i n d u s t r y .   Su i t ab le   d y e s t u f f s   can  inc lude   any  of  t h e  

r e c o g n i z e d   c l a s ses   of  d i s p e r s e   d y e s t u f f s ,   such  as  the  n i t r o s o ,  

n i t r o ,   monoazo,  d isazo,   t r i s a z o ,   po lyazo ,   s t i l lbene ,   c a r o t e n o i d ,  

d i p h e n y l m e t h a n e ,   t r i a r y l m e t h a n e ,   x a n t h e n e ,   ac r id ine ,   q u i n o l i n e ,  

me th ine ,   th iazole ,   i ndamine ,   i n d o p h e n o l ,   azine,   oxaz ine ,   t h i a z i n e ,  

s u l p h u r ,   l ac tone ,   a m i n o k e t o n e ,   h y d r o x y k e t o n e ,   a n t h r a q u i n o n e ,  

i nd igo id ,   p h t h a l o c y a n i n e ,   and  q u i n o n a p h t h a l o n e   dyes ,   such  as  a r e  

commercia l ly   avai lable   or  are  d e s c r i b e d   in,  for  example,   the  t h i r d  

edi t ion  of  the  Colour  Index   which  was  p u b l i s h e d   jointly  in  1971  b y  

the  American  Assoc ia t ion   of  Text i le   Chemis ts   and  C o l o r i s t s  

( A A T C C ) ,   R e s e a r c h   T r i a n g l e   Pa rk ,   Nor th   Carol ina ,   U . S . A .   a n d  

The  Society  of  Dyers   and  C o l o u r i s t s ,   B r a d f o r d ,   E n g l a n d .   S u c h  

d y e s t u f f s   are  normal ly   the  commercia l ly   avai lable   forms  c o n t a i n i n g  

c o n s i d e r a b l e   amounts   of  d i s p e r s i n g   agen t s   a n d / o r   o ther   d i l u e n t s ,  

but   the  c o r r e s p o n d i n g   p u r e   d y e s t u f f s   (i. e.  free  from  d i s p e r s i n g  



a g e n t s   a n d / o r   d i l uen t s )   can  also  be  u sed .   Commercia l ly   a v a i l a b l e  

d i s p e r s e   dyes  inc lude   the  "Foron"   dyes  from  Sandoz  Colors  & 

Chemica ls ,   the  "Samaron"   dyes   from  Amer ican   H o e c h s t ,   t h e  

" A m e r c r o n "   dyes  from  Amer ican   Dye  &  Color  Co.,   the  " A r t i s i l "  

dyes  from  Sandoz,   as  well  as  c e r t a i n   " N i t r o f a s t "   oil  soluble   d y e s  

from  Sandoz.   Sui table   sub l imab le   d y e s t u f f s   i nc lude ,   for  e x a m p l e ,  

those   spec i f ica l ly   e n u m e r a t e d   in  U.S .   Pa ten t   Nos.  4 , 2 0 5 , 9 9 1 ,  

4 ,171,202  and  3 ,707 ,346 ,   i n c o r p o r a t e d   by  r e f e r e n c e   as  t h o u g h   s e t  

fo r th   in  full  he r e in .   Howeve r ,   any  sub l imable   d y e s t u f f   can  b e  

employed   in  the  p r a c t i c e   of  the  p r e s e n t   i n v e n t i o n   p r o v i d e d   tha t   i t  

does  not  sublime  u n d e r   the  c o n d i t i o n s   of  t e m p e r a t u r e   and  p r e s s u r e  

employed   in  the  hot  s t a m p i n g   of  the  c a r r i e r   s u p p o r t e d   ink .   T h e  

amount   of  subl imable   dye  in  the  ink  compos i t ion   can  r a n g e   f r o m  

about   2  to  about  91  p e r c e n t   by  weight   ba sed   on  the  total  weight   o f  

the  ink  composi t ion ,   the  amount   of  dye  ac tua l ly   used   d e p e n d i n g  

upon  the  i n t e n s i t y   of  the  color  d e s i r e d   in  the  p r i n t e d   s u b s t r a t e .  

The  amount  of  so lvent   employed   in  the  ink  d e p e n d s   on  the  a m o u n t  

of  d y e s t u f f   d e s i r e d .   If  the  dye  level  is  high  then  the  s o l u t i o n  

p r e f e r a b l y   will  have  a  lower  solids  c o n t e n t ,   and  if  a  low  dye  l e v e l  

is  u sed ,   then  the  so lu t ion   will  p r e f e r a b l y   conta in   a  h i g h e r   s o l i d s  

c o n t e n t .   The  solids  c o n t e n t   is  used   to  ad jus t   the  t h i c k n e s s   of  t h e  

coa t ing   of  wet  ink  app l ied   to  the  c a r r i e r .   If  the  ink  coa t ing   o n  

the  c a r r i e r   is  too  h e a v y ,   then  too  much  u n f i x e d   d y e s t u f f   will 

remain  on  the  s u r f a c e   of  the  s u b s t r a t e   and  r e su l t   in  c r o c k i n g   o f  

the  p r i n t   if  r u b b e d   p r io r   to  w a s h i n g .  

The  resin  componen t   of  the  ink  compos i t ion   f u n c t i o n s   as  a  

b i n d e r   for  the  o ther   c o m p o n e n t s .   The  cohes ion   of  the  ink  c o a t i n g  

and  its  adhes ion   to  the  c a r r i e r   s u r f a c e   are  d e p e n d e n t   on  the  t y p e  

and  amount  of  res in   employed .   The  ink  coa t ing   compos i t ion   will 

g e n e r a l l y   comprise   from  about   2  to  about   67  p e r c e n t   by  weight   o f  

the  r e s in .   As  the  amount   of  r e s in   is  i n c r e a s e d ,   the  a d h e s i o n   t o  

the  c a r r i e r   is  i n c r e a s e d   and  the  p e r c e n t a g e   of  t r a n s f e r   of  the  i n k  

from  the  c a r r i e r   to  the  s u b s t r a t e   will  d e c r e a s e .   The  r es in   i s  

s e l ec t ed   so  that  it  will  a d e q u a t e l y   bind  the  ink  coa t ing   to  t h e  

c a r r i e r   without  f l ak ing   p r i o r   to  hot  s t a m p i n g ,   it  will  p e r m i t  

complete   t r a n s f e r   of  the  ink  coa t ing   d u r i n g   hot  s t a m p i n g ,   and  i t  



will  bind  the  ink  to  the  s u b s t r a t e   but   will  not  h i n d e r   s u b l i m a t i o n  

of  the  d y e s t u f f   from  the  ink  composi t ion   into  the  s u b s t r a t e   d u r i n g  

s u b s e q u e n t   app l i ca t ion   of  heat   a n d / o r   p r e s s u r e   to  the  p r i n t e d  

s u b s t r a t e .   The  r e s in s   can  be  mixed  into  the  ink  compos i t ion   i n  

the  form  of  emuls ions   or  so lu t ions .   Sui table   r es ins   i nc lude ,   f o r  

example ,   n i t r o c e l l u l o s e ,   e thyl   ce l lu lose ,   methyl   ce l lu lose ,   c a r b o x y  

methyl   ce l lu lose ,   pheno l i c ,   ac ry l ic ,   p o l y u r e t h a n e ,   rosin  and  r o s i n  

e s t e r s ,   epoxy ,   epoxy   e s t e r s ,   po lyv iny l   alcohol,   po lyv iny l   a c e t a t e ,  

p o l y v i n y l   ch lo r ide ,   and  p o l y e s t e r   r e s i n s .  

Since  the  r es in   is  only  employed  as  a  t e m p o r a r y   b inde r   to  

hold  the  sub l imab le   dye  and  o the r   b i n d e r   componen t s   f i rs t   onto  t h e  

c a r r i e r   and  then   onto  the  s u r f a c e   of  the  s u b s t r a t e   p r io r   to  

s u b l i m a t i o n   of  the  d y e s t u f f   into  the  s u b s t r a t e ,   its  c h e m i c a l  

compos i t ion   is  not  c r i t ica l   to  the  p r a c t i c e   of  the  p r e s e n t   i n v e n t i o n .  

In  fact ,   the  amount   of  heat  and  p r e s s u r e   to  which  the  p r i n t e d  

s u b s t r a t e   must  be  s u b j e c t e d   to  cause   the  d y e s t u f f   to  sublime  a n d  

d i f f u s e   into  the  s u b s t r a t e   may  ac tua l ly   v a p o r i z e ,   decompose   o r  

o t h e r w i s e   d i s s i p a t e   the  b i n d e r   c o m p o n e n t s .   For  this  r e a s o n ,   it  h a s  

been  found   tha t   e s s e n t i a l l y   all  t ypes   of  r e s ins   can  be  employed  to  

p r o v i d e   the  n e c e s s a r y   adhes ion   and  cohes ion   to  the  ink  c o a t i n g  

wi thou t   h i n d e r i n g   sub l imat ion   of  the  d y e s t u f f ,   p r o v i d e d   that   t h e y  

are  used   with  the  o ther   componen t s   of  the  ink  composi t ion   in  t h e  

amoun t s   i n d i c a t e d   h e r e i n .  

The  ink  compos i t ion   also  con ta ins   a  wax  to  con t ro l   the  level  o f  

d i s c o n t i n u i t y   and  the  r e l ease   c h a r a c t e r i s t i c s   of  the  ink  c o a t i n g .  

The  ink  coa t ing   g e n e r a l l y   compr i ses   from  about   4  to  about   45 

p e r c e n t   by  weight   of  the  wax.  As  the  level  of  wax  i n c r e a s e s ,   t h e  

d i s c o n t i n u i t y   of  the  coa t ing   i n c r e a s e s   and  the  adhes ion   of  the  i n k  

c o a t i n g   to  the  c a r r i e r   d e c r e a s e s   until   at  a  high  wax  level  the  d r y  
ink  can  be  easi ly  wiped  off  the  s u r f a c e   of  the  c a r r i e r .   The  w a x  

c a u s e s   the  ink  film  on  the  c a r r i e r   to  be  d i s c o n t i n u o u s   and  s m o o t h .  

In  e s s e n c e ,   the  wax  acts  as  a  r e lease   agent   to  e n s u r e   c o m p l e t e  

t r a n s f e r   of  the  ink  composi t ion   from  the  c a r r i e r   to  the  s u b s t r a t e  

d u r i n g   hot  s t a m p i n g .   Once  p r i n t e d   on  the  s u b s t r a t e ,   h o w e v e r ,  

the  wax  shou ld   not  i n t e r f e r e   with  the  sub l imat ion   of  the  d y e s t u f f  

from  the  ink  compos i t ion   into  the  s u b s t r a t e .   Sui tab le   w a x e s ,  



i nc lude   animal  waxes ,   such  as  s p e r m a c e t i ,   b e e s w a x ,   s t e a r i c   a c i d  

and  Chinese   wax,  v e g e t a b l e   waxes ,   such  as  c a r n a u b a ,   J a p a n ,  

b a y b e r r y   and  candel i l la ,   mineral   waxes ,   such   as  o z o c e r i t e ,   m o n t a n ,  

c e r e s i n ,   and  p a r a f f i n ,   s y n t h e t i c   waxes ,   such  as  p o l y e t h y l e n e ,  

p o l y p r o p y l e n e ,   p o l y e t h y l e n e   glycol,   p o l y o x y e t h y l e n e   e s t e r s ,  

c h l o r o n a p h t h a l e n e s ,   s o r b i t o l s ,   c h l o r o t r i f l u o r o e t h y l e n e   r e s i n s ,   p o l y -  

t e t r a f l u o r o e t h y l e n e ,   m i c r o c r y s t a l l i n e   waxes ,   and  m i x t u r e s   t h e r e o f .  

Opt iona l ly ,   the  ink  composi t ion   can  conta in   small  but   e f f e c t i v e  

amounts   of  c o n v e n t i o n a l   ink  modi f i e r s ,   such  as  d e f o a m e r s ,  

s u r f a c t a n t s ,   d i s p e r s a n t s ,   flow  con t ro l   a g e n t s ,   v i s c o s i t y   c o n t r o l  

a g e n t s ,   pH  modi f ie r s ,   and  p r e s e r v a t i v e s .   These   modi f i e r s   a r e  

g e n e r a l l y   employed  in  amounts   which  total  less  than   about   10 

p e r c e n t   by  weight  of  the  ink  c o m p o s i t i o n .  

The  wet  ink  compos i t ion   will  also  conta in   a  so lven t   for  t h e  

r e s i n .   Examples  of  such  so lven t s   inc lude   to luene   and  o t h e r  

a roma t i c s ,   methyl   e thyl   ke tone ,   ce l loso lves ,   wa te r ,   a l c o h o l s ,  

c h l o r i n a t e d   h y d r o c a r b o n s ,   e s t e r s ,   and  e t h e r s .  

The  amounts   of  sub l imable   dye ,   r e s in ,   wax  and  o p t i o n a l  

i n g r e d i e n t s   are  s e l ec ted   within  the  r a n g e s   given  above  so  that   t h e  

ink  composi t ion   forms  a  d i s c o n t i n u o u s   film  on  the  s u r f a c e   of  t h e  

c a r r i e r   upon  d r y i n g .   This  d i s c o n t i n u o u s   film  must  c o m p l e t e l y  

r e l ease   from  the  c a r r i e r   s u r f a c e   in  the  shape   of  the  image  d e f i n e d  

by  the  ra ised   po r t i ons   of  the  p r i n t i n g   ma t r ix   d u r i n g   the  h o t  

s t a m p i n g   o p e r a t i o n .   The  subl imable   dyes  employed   in  the  p r a c t i c e  
of  the  p r e s e n t   i n v e n t i o n   are  often  d i s p e r s e   dyes .   As  s u c h ,   t h e y  

do  not  d issolve   in  the  ink  compos i t ion ,   but  r a t h e r ,   remain  in  s o l i d  

p a r t i c u l a t e   form.  Similar ly,   the  waxes  are  added   to  the  i n k  

compos i t ions   u n d e r   cond i t ions   in  which  they   do  not  melt,  b u t  

remain  as  d i s c r e t e   p a r t i c l e s .   Thus ,   the  ink  compos i t ion   c o a t e d  

onto  the  c a r r i e r   con ta ins   d i s c r e t e   p a r t i c l e s   of  dye  and  w a x  

s u r r o u n d e d   by  a  res in   b i n d e r ,   which,   when  d r i ed ,   r e s u l t s   in  a  

coa t ing   on  the  c a r r i e r   that   is  not  a  c o n t i n u o u s   film  of  a  r es in   or  o f  

a  homogeneous   ink  compos i t ion ,   but  r a t h e r ,   is  a  d i s c o n t i n u o u s   film 

of  the  res in   b i n d e r   s u r r o u n d i n g   the  d i s c r e t e   p a r t i c l e s   of  dye  a n d  

w a x .  



D u r i n g   the  hot  s t a m p i n g   o p e r a t i o n ,   the  hea ted   p r i n t i n g   m a t r i x  

h a v i n g   ra i sed   po r t ions   in  the  shape   of  the  image  to  be  p r i n t e d   o n  

the  s u b s t r a t e   is  b r o u g h t   into  con tac t   with  the  u n c o a t e d   s u r f a c e   o f  

the  c a r r i e r   u n d e r   p r e s s u r e .   Under   the  app l ica t ion   of  heat   a n d  

p r e s s u r e ,   the  c a r r i e r   shee t   confo rms   to  the  ra ised   p o r t i o n s   on  t h e  

p r i n t i n g   matr ix   s t r e t c h i n g   the  c a r r i e r   over  the  edges   of  the  r a i s e d  

p o r t i o n s .   The  heat   and  p r e s s u r e   t r a n s m i t t e d   t h r o u g h   the  c a r r i e r  

shee t   melts  or  so f t ens   the  ink  coa t ing   in  the  areas   on  the  c a r r i e r  

c o r r e s p o n d i n g   to  the  r a i s ed   p o r t i o n s   of  the  p r i n t i n g   m a t r i x .  

B e c a u s e   the  ink  coa t ing   is  d i s c o n t i n u o u s ,   it  f r a c t u r e s   along  t h e  

edges   of  the  area  where  the  mat r ix   con t ac t s   the  s u b s t r a t e .   Wi th in  

the  n a r r o w   limits  of  the  f r a c t u r e   the  coa t ing   remains   d i s c o n t i n u o u s  

even   t h o u g h   some  s o f t e n i n g   of  the  wax  c loses t   to  the  mat r ix   i s  

p o s s i b l e .   The  coa t ing   b e t w e e n   the  matr ix   and  the  s u b s t r a t e  

becomes   c o m p r e s s e d   and  p r o p o r t i o n a l l y   more  c o n t i n u o u s .   The  i n k  

coa t ing   then  r e l e a s e s   from  the  c a r r i e r   within  the  f r a c t u r e   lines  a n d  

is  t r a n s f e r r e d   to  the  s u b s t r a t e   in  the  shape   of  the  image  d e f i n e d  

by  the  r a i s ed   p o r t i o n s   of  the  p r i n t i n g   mat r ix .   Since  the  c o a t i n g  

comple te ly   t r a n s f e r s   in  those   a reas   within  the  f r a c t u r e   l ines ,   a  

s h a r p   dense   image  is  p r i n t e d   on  the  s u b s t r a t e   s u r f a c e .  

The  ink  composi t ion   is  p r e f e r a b l y   made  by  f i r s t   t h o r o u g h l y  

mixing  the  res in   and  so lven t   t o g e t h e r   in  a  high  speed   d i s p e r s e r  

s u c h   as  a  M o r e h o u s e - C o w l e s ,   an  air  d r i ven   p r o p e l l e r - t y p e   s t i r r e r ,  

or  the  like.  The  sub l imable   dye ,   wax,  and  opt ional   modi f ie rs   a r e  
t hen   added   and  t h o r o u g h l y   mixed  with  the  o the r   i n g r e d i e n t s .  

Af t e r   mixing,   the  ink  compos i t ion   is  f i l t e red   t h r o u g h   a  5  m i c r o n  

f i l te r   bag  and  then  the  pH,  v i s c o s i t y ,   su r f ace   t ens ion ,   and  s o l i d s  

c o n t e n t   are  c h e c k e d .   P r e f e r a b l y ,   the  pH  is  in  the  r a n g e   of  a b o u t  

6 . 5 - 9 . 0 ,   the  v i s cos i t y   is  in  the  r a n g e   of  5-400  c e n t i p o i s e s ,   a n d  

more  p r e f e r a b l y   20-100  c e n t i p o i s e s ,   at  20°C,  the  s u r f a c e   t ens ion   i s  

in  the  r ange   of  20-50  d y n e s / c m ,   and  p r e f e r a b l y   30-45  d y n e s / c m ,  

and  the  solids  con ten t   is  in  the  r ange   of  20-40  p e r c e n t .   A n  

e x c e s s   of  ink  is  t hen   appl ied   to  the  c a r r i e r   film  by  an  i n k i n g   ro l l  

and  me te r ed   off  to  the  p r o p e r   t h i c k n e s s   by  an  a i r   kn i fe ,   M e y e r  

bar   or  o ther   a p p r o p r i a t e   means .   The  c a r r i e r   is  g e n e r a l l y   c o a t e d  

to  a  coat  weight   of  3.2  x  10  - 4 . 4   x  1 0   g/m2.  The  c o a t e d  



c a r r i e r   is  then  p a s s e d   t h r o u g h   a  hea t ed   d r y i n g   t u n n e l ,   cooled  a n d  

wound  into  rolls  which  are  s u b s e q u e n t l y   cut  into  a  size  tha t   i s  

su i t ab l e   for  use  in  hot  s t amp ing   e q u i p m e n t .  

In  the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n ,   a  c a r r i e r   s u p p o r t e d  

ink  p r e p a r e d   in  this  manner   is  then  used   in  a  hot  s t a m p i n g  

machine   to  p r i n t   an  image  on  a  s u b s t r a t e .   The  c a r r i e r   s u p p o r t e d  

ink  is  p laced  be tween   the  s u b s t r a t e   to  be  p r i n t e d   and  a  h e a t e d  

mat r ix   h a v i n g   r a i sed   po r t i ons   in  the  shape   of  the  image  to  b e  

p r i n t e d   on  the  s u b s t r a t e .   The  coated  s u r f a c e   of  the  c a r r i e r   f a c e s  

the  s u b s t r a t e .   Sui table   s u b s t r a t e s   inc lude   f ab r i c s   such   a s  

p o l y e s t e r ,   nylon  and  ace t a t e ,   and  b lends   of  these   with  co t ton   o r  

wool,  cot ton  or  wool  that   have  been  t r e a t e d   to  accep t   s u b l i m a b l e  

dye,   p las t ic   films,  such  as  p o l y e s t e r   and  ny lon ,   p a p e r ,   and  a n y  
o the r   su r f ace   that   t r e a t e d   or  u n t r e a t e d   will  accep t   a  s u b l i m a b l e  

dye .   The  s u b s t r a t e   is  then  p r i n t e d   with  the  image  on  the  m a t r i x  

by  a p p l y i n g   su f f i c i en t   heat  and  p r e s s u r e   to  comple te ly   t r a n s f e r   t h e  

ink  coa t ing   to  the  s u b s t r a t e   wi thout   d e s t r o y i n g   the  c a r r i e r .   T h e  

mat r ix   t e m p e r a t u r e   can  be  in  the  r ange   of  about   52°C  (125°F)   t o  

about   205°C  (401°F) ,   the  p r e s s u r e   appl ied   is  in  the  r a n g e   of  a b o u t  
2  2 7.03  k g / c m   to  about   70.31  k g / c m 2 ,   and  the  dwell  time  is  in  t h e  

r a n g e   of  about   0.1  second  to  about   1  s econd ,   i . e .   a  ra te   of  a b o u t  

50  to  200  per   minute .   It  will  be  a p p r e c i a t e d   that   the  lower  t h e  

t e m p e r a t u r e   of  the  hea ted   matr ix   is,  the  g r e a t e r   the  dwell  t i m e  

a n d / o r   p r e s s u r e   must  be  to  i n s u r e   complete  t r a n s f e r .  

When  s u b j e c t e d   to  heat  the  ink  compos i t ion   beg ins   to  m e l t .  

As  the  ink  melts  the  s u r f a c e   t ens ion   of  the  compound   lowers   u n t i l  

it  a p p r o a c h e s   the  cr i t ical   s u r f a c e   t ens ion   of  the  c a r r i e r .   When  t h e  

c r i t i ca l   su r f ace   t ens ion   of  the  c a r r i e r   is  e x c e e d e d ,   as  an  effect   o f  

the  h e a t i n g   p r o c e s s ,   the  p r e s s u r e   appl ied   by  the  ma t r ix   c a u s e s  
t r a n s f e r   of  the  ink  compound   to  the  colder   s u b s t r a t e   m a t e r i a l .  

The  composi t ion   of  the  ink  is  such  that   it  has  a  g r e a t e r   a f f i n i t y  

for  the  s u b s t r a t e   than  the  hea ted   c a r r i e r   due  to  the  app l i ed   h e a t  

and  p r e s s u r e .   This  effect   will  s e l ec t ive ly   r e l e a s e   the  i n k  

comple te ly   from  the  c a r r i e r   where  the  matr ix  comes  in  con t ac t   w i t h  

the  c a r r i e r   and  s u b s t r a t e ,   thus   a f f ix ing   it  to  the  s u b s t r a t e .   It  i s  

i m p o r t a n t   that   the  cohes ive   forces   in  the  ink  film  be  s t r o n g   e n o u g h  



to  t r a n s f e r   the  complete  ink  compound   from  the  c a r r i e r ,   but  not  s o  

g rea t   as  to  p r e v e n t   the  clean  s e p a r a t i o n   of  the  ink  film  at  t h e  

edges   of  the  r a i sed   p o r t i o n s   of  the  mat r ix   at  the  moment  t h e  

ma t r ix   con tac t s   the  c a r r i e r   s u p p o r t e d   ink  and  s u b s t r a t e   with  h e a t  

and  p r e s s u r e .  
The  p r i n t i n g   on  the  s u b s t r a t e   is  c o n s i d e r e d   to  be  a c c e p t a b l e  

and  the  t r a n s f e r   to  be  complete  only  when  at  least   90  p e r c e n t   o f  

the  ink  coa t ing   t r a n s f e r s   to  the  s u b s t r a t e   and  sha rp   dense   p r i n t s  

are  p r o d u c e d   on  the  s u b s t r a t e .  

The  p r i n t e d   s u b s t r a t e   is  then  s u b j e c t e d   to  a  source   of  heat   t o  

cause   the  d y e s t u f f   in  the  ink  on  the  s u b s t r a t e   to  vapo r i ze   o r  

subl ime  and  to  d i f fuse   the  d y e s t u f f   into  the  s u b s t r a t e .   The  i n k  

can  be  s u b j e c t e d   to  any  sou rce   of  c o n d u c t i v e ,   c o n v e c t i v e   o r  

r a d i a n t   heat   for  a  su f f i c i en t   amount   of  time  to  heat  the  d y e s t u f f  

above   its  sub l ima t ion   t e m p e r a t u r e .   If  the  ink  is  to  be  h e a t e d   b y  

c o n d u c t i o n ,   p r e s s u r e   may  be  app l ied   to  main ta in   in t imate   c o n t a c t  

b e t w e e n   the  s u b s t r a t e   and  the  s o u r c e   of  hea t .   Heat  and  p r e s s u r e  

can  be  appl ied   d i r e c t l y   at  a  t e m p e r a t u r e   in  the  r a n g e   of  a b o u t  

140°C  (284°F)  to  224°C  (435°F)  for  about   2  to  10  s e c o n d s .   If  t h e  

ink  is  to  be  hea ted   by  c o n v e c t i o n ,   a  sou rce   of  hot  air  at  205°C  

(401°F)  to  371°C  (700°F)  has  been  found   to  be  su i t ab l e .   S u i t a b l e  

s o u r c e s   of  r a d i a n t   heat  i nc lude   i n f r a r e d ,   l a se r ,   xenon  f lash ,   o r  

o t h e r   gas  d i s c h a r g e   l a m p s .  

It  has  been  found  that   fabr ic   labels   tha t   have  been  p r i n t e d   i n  

a c c o r d a n c e   with  the  p r o c e s s   of  this   i n v e n t i o n   can  w i t h s t a n d   m o r e  

than   f i f ty  i n d u s t r i a l   l a u n d e r i n g s   s imu la t ed   by  a  modified  A m e r i c a n  

A s s o c i a t i o n   of  Text i le   Chemis ts   and  Color i s t s   (AATCC)  tes t   m e t h o d  

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

c o n d i t i o n s .   AATCC  test   method  61-1980,  tes t   No.  IVA  is  d e s i g n e d  

for  e v a l u a t i n g   the  w a s h f a s t n e s s   of  t ex t i l e s   that   may  be  l a u n d e r e d  

in  the  p r e s e n c e   of  avai lable   c h l o r i n e .   Spec imens   s u b j e c t e d   to  t h i s  

tes t   shou ld   show  color  damage  similar  to  that   p r o d u c e d   by  f i v e  

commercia l   l a u n d e r i n g s   at  71°C  (160°F)  with  1.9  l i ters   (2  q u a r t s )  

of  1.0%  avai lable   ch lo r ine   per   45.5  kg  (100  lb)  of  load  (white   w a s h  

f o r m u l a ) .   The  tes t   is  run  in  a  L a u n d e r - O m e t e r   avai lable   f r o m  

Atlas  Elect r ic   Devices  Co.  or  similar  a p p a r a t u s   for  r o t a t i n g   c l o s e d  



c o n t a i n e r s   in  t h e r m o s t a t i c a l l y   c o n t r o l l e d   wate r   ba th   at  42  r p m .  

The  a b r a s i v e   action  is  a c c o m p l i s h e d   by  the  use  of  t h r o w ,   s l i d e ,  

and  impact ,   t o g e t h e r   with  the  use  of  a  low  l iquor   rat io  and  a n  

a p p r o p r i a t e   n u m b e r   of  steel  bal ls .   Tes t   No.  IVA  calls  for  a  b a t h  

t e m p e r a t u r e   of  71°C  (160°F) ,   a  total   l iquor   volume  of  50  ml .  

c o m p r i s i n g   45  ml.  of  AATCC  s t a n d a r d   d e t e r g e n t   WOB  so lu t ion   a n d  

5  ml.  of  0.15%  avai lable   ch lo r ine   so lu t ion ,   b u f f e r e d   to  a  pH  of  11,  

0.2%  d e t e r g e n t   based   on  the  total  volume,   the  add i t ion   of  100  1 / 4  

in.  s t a in l e s s   steel  balls  to  the  c o n t a i n e r ,   at  a  wash  time  of  45 

m i n u t e s .  

Test   No.  IVA  has  been  modif ied  to  more  c losely   s imula te   t h e  

e f fec t s   of  h a r s h   i n d u s t r i a l   l a u n d e r i n g s .   I n s t e a d   of  the  s t a n d a r d  

d e t e r g e n t   so lut ion  with  ava i lab le   c h l o r i n e ,   a  50  ml.  so lu t ion   i s  

p r e p a r e d   us ing   32  g.  of  Ajax  I n d u s t r i a l   C l e a n s e r   with  o x y g e n  

b l each ,   7.5  g.  of  Twin  Sol,  a  d e t e r g e n t   with  a  h y d r o c a r b o n  

so lu t ion ,   avai lable   from  S t a u f f e r   Chemical   Company ,   and  946  ml.  o f  

tap  wa te r .   The  t e m p e r a t u r e   of  the  ba th   is  r a i s ed   to  85°C  ( 1 8 5 ° F ) .  

In  add i t ion   to  the  100  No.  316  s t a i n l e s s   steel  bal ls ,   6  n o n c o r r o d i b l e  

steel   d i scs ,   smooth  and  free  from  r o u g h   e d g e s ,   h a v i n g   a  d i a m e t e r  

of  30  ±  2  mm,  a  t h i c k n e s s   of  3  ±  0.5  mm  and  a  weight   of  20  ±  2  g  

are  added   to  the  test   c o n t a i n e r .   F ina l ly ,   four   45  minute   c y c l e s  

are  run   r a t h e r   than  a  s ingle  such  cycle .   It  has  been  found   t h a t  

c a r r i e r   s u p p o r t e d   i n k - p r i n t e d   fabr ic   labels   t r e a t e d   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n   which  p a s s e d   this  tes t   can  w i t h s t a n d   more  t h a n  

fif ty  commercial   i n d u s t r i a l   l a u n d e r i n g s .  

Plast ic   films,  such  as  those   made  of  p o l y e t h y l e n e  

t e r e p h t h a l a t e ,   that   have  been  p r i n t e d   u s ing   this  method   a r e  

r e s i s t a n t   to  ab ra s ion   and  to  a t t a c k   by  chemicals   such   as  f e r r i c  

c h l o r i d e ,   ace tone ,   methyl   e thyl   k e t o n e ,   t o luene ,   a lcohols   a n d  

h a l o g e n a t e d   h y d r o c a r b o n s ,   making   such   films  su i t ab le   for  m a n y  

i n d u s t r i a l   and  e l ec t ron i c s   i d e n t i f i c a t i o n   a p p l i c a t i o n s   where   c h e m i c a l  

and  a b r a s i o n   r e s i s t a n c e   is  r e q u i r e d .  

The  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   may  be  b e t t e r  

u n d e r s t o o d   by  r e f e r r i n g   to  FIG.  1  which  is  a  plan  view  of  a n  

a p p a r a t u s   su i tab le   for  use  in  p r a c t i c i n g   the  p r o c e s s .   T h e  

a p p a r a t u s   compr ises   a  hot  s t a m p i n g   mach ine ,   r e f e r r e d   to  g e n e r a l l y  



by  the  numera l   10,  and  a  device   for  a p p l y i n g   heat  and  p r e s s u r e   t o  

the  p r i n t e d   s u b s t r a t e   to  subl ime  the  dye,   r e f e r r e d   to  g e n e r a l l y   b y  

the  numera l   40.  Any  commercia l ly   avai lable   hot  s t amp ing   m a c h i n e  

which  is  capable   of  a p p l y i n g   the  r e q u i r e d   amounts   of  heat   a n d  

p r e s s u r e ,   such  as  the  Models  155,  255,  355  and  455  fabr ic   l a b e l  

p r i n t e r s   from  Markem  C o r p o r a t i o n ,   can  be  employed   in  the  p r a c t i c e  

of  the  i n v e n t i o n .   Fabr ic   or  p las t ic   film  tape  12  to  be  p r i n t e d   on  i s  

fed  into  the  hot  s t a m p i n g   machine  10  from  a  roll  14  a r o u n d   an  i d l e r  

wheel  16  and  a  s p r i n g - l o a d e d   d a n c e r   arm  18,  which  con t ro l s   t h e  

t ens ion   appl ied   to  the  tape  12,  and  be tween   hea ted   p la ten   20  w i t h  

p r i n t i n g   mat r ices   22  and  b a c k - u p   pad  24.  FIG.  2  is  an  e n l a r g e d  

e l eva t iona l   view  of  a  c a r r i e r   s u p p o r t e d   ink  26  su i t ab le   for  use  i n  

the  p r o c e s s   of  the  i n v e n t i o n .   C a r r i e r   s u p p o r t e d   ink  26  c o m p r i s e s  

a  l aye r   27  of  an  ink  composi t ion   c o n t a i n i n g   a  sub l imable   dye  c o a t e d  

on  a  c a r r i e r   s u b s t r a t e   29.  R e f e r r i n g   to  FIG.  1,  c a r r i e r   s u p p o r t e d  

inks   26a,  26b  and  26c  are  u n w o u n d   from  a  roll  28  and  fed  into  t h e  

hot  s t a m p i n g   machine  10  so  tha t   the  u n c o a t e d   side  faces  t h e  

p r i n t i n g   matr ix   22  on  the  hea t ed   p la ten   20  and  the  ink  coated   s i d e  

faces  the  s u r f a c e   of  tape  12  to  be  p r i n t e d .   The  oppos i te   s u r f a c e  

of  the  tape  faces  the  b a c k - u p   pad  24.  T h e  u s e d   c a r r i e r   s u p p o r t e d  

ink  26  is  r e w o u n d   on  t a k e - u p   roll  30.  Tape  12  is  then  f e d  

t h r o u g h   seal  r e g i s t r a t i o n   a d j u s t m e n t   31,  t h r o u g h   main  tape  d r i v e  

wheels  32,  t h r o u g h   h e a t e d   sea l ing   bars   34,  t h r o u g h   c u t  

r e g i s t r a t i o n   a d j u s t m e n t   36,  and  t h r o u g h   c u t t e r   t a k e - u p   d r i v e  

wheels   38  located   on  device  40.  Tape  12  pul led   t h r o u g h   d r i v e  

wheels  38  is  cut  into  labels   by  s c i s s o r s   c u t t e r   42.  The  labels   a r e  

a d v a n c e d   by  t r a n s f e r   belt  44  d r i v e n   in  a  c o u n t e r c l o c k w i s e   d i r e c t i o n  

and  t r a n s f e r   belt  46  d r i ven   in  a  c lockwise   d i r ec t i on ,   when  v i e w e d  

from  above .   An  i nne r   belt  48  which  can  be  made  of  metal ,   f o r  

example ,   is  d r i ven   in  a  c lockwise   d i r ec t i on   by  hea t ed   drum  50 

a r o u n d   idler   wheels  52.  An  ou te r   belt  54  made,  for  example ,   o f  

f i b e r g l a s s   i m p r e g n a t e d   with  Tef lon,   is  d r i v e n   in  a  c o u n t e r c l o c k w i s e  

d i r e c t i o n   a r o u n d   idler   wheels  56  and  ad j acen t   to  inner   belt  48  in  a  

c lockwise   d i r ec t i on   a r o u n d   hea t ed   drum  50.  Outer   belt  54  i s  

h e a t e d   by  belt  h e a t i n g   shoe  58  which  c o n t a c t s   the  inner   s u r f a c e   o f  

the  belt  just   p r io r   to  the  initial  point   of  con tac t   of  i nne r   belt  48 



and  ou t e r   belt  54.  Adjacent   to  the  final  point   of  con tac t   b e t w e e n  

the  i nne r   and  ou te r   belts  is  a  pair   of  label  t r a n s f e r   rolls  60  w h i c h  

remove  the  labels  from  be tween   the  two  belts   and  i n s e r t   them  i n t o  

label  s t a c k e r   62  where  they  are  s t a c k e d   by  the  r e c i p r o c a t i n g   a c t i o n  

of  t a m p e r   64.  

In  o p e r a t i o n ,   fabr ic   or  p las t ic   film  label  tape  12  is  pu l led   b y  

means  of  main  label  dr ive  wheels  32  t h e r e b y   u n w i n d i n g   it  from  r o l l  

14.  The  t ens ion   on  the  tape  be tween   the  c a r r i e r   s u p p o r t e d   i n k s  

26a,  26b  and  26c  and  the  b a c k - u p   pad  24  is  ma in t a ined   c o n s t a n t  

by  means  of  d a n c e r   arm  18.  The  p la ten   20  and  the  p r i n t i n g  

mat r ix   22  h a v i n g   r a i sed   po r t ions   t h e r e o n ,   which  c o r r e s p o n d   to  t h e  

image  to  be  p r i n t e d   onto  the  tape  s u b s t r a t e ,   are  f i r s t   h e a t e d   to  a  

t e m p e r a t u r e   in  the  r ange   of  about   52°C  (125°F)  to  about   2 0 5 ° C  

( 4 0 1 ° F ) .   When  the  sect ion  of  the  tape  to  be  p r i n t e d   is  p o s i t i o n e d  

a d j a c e n t   to  an  u n u s e d   por t ion   of  ca;-r ier   s u p p o r t e d   ink  26a  b e t w e e n  

h e a t e d   p r i n t i n g   matr ix   22  and  b a c k - u p   pad  24,  p r e s s u r e   is  a p p l i e d  

a g a i n s t   e i the r   p la ten   20  or  pad  24  to  force  the  ink  coa ted   s u r f a c e  

of  c a r r i e r   s u p p o r t e d   ink  26a  aga in s t   the  s u r f a c e   of  tape  12.  A 

p r e s s u r e   in  the  r ange   of  about  7.03  kg /cm2  to  about   70.31  kg / cm2   2 

is  app l i ed   for  a  pe r iod   of  from  about   0.1  second   to  about   1 

s e c o n d .   It  will  be  a p p r e c i a t e d   that   as  the  t e m p e r a t u r e   of  t h e  

p r i n t i n g   matr ix   is  i n c r e a s e d   or  as  the  p r e s s u r e   app l ied   to  t h e  

p r i n t i n g   matr ix   or  b a c k - u p   pad  is  i n c r e a s e d ,   the  dwell  t i m e  

r e q u i r e d   to  comple te ly   t r a n s f e r   the  ink  from  the  c a r r i e r   to  t h e  

s u r f a c e   of  the  s u b s t r a t e   is  d e c r e a s e d .   T h u s ,   the  t e m p e r a t u r e   o f  

the  p r i n t i n g   mat r ix ,   the  p r e s s u r e   and  the  dwell  time  must  b e  

a d j u s t e d   unti l   the  ink  coat ing  is  comple te ly   t r a n s f e r r e d   to  t h e  

s u r f a c e   of  tape  12  in  the  image  c o r r e s p o n d i n g   to  the  r a i s e d  

p o r t i o n s   on  the  hea ted   matr ix  22.  Used  c a r r i e r   s u p p o r t e d   ink  26a  

is  then   r e w o u n d   on  a  t a k e - u p   roll  30  and  an  u n u s e d   p o r t i o n   o f  

c a r r i e r   s u p p o r t e d   ink  26a  is  then  moved  into  pos i t ion   b e t w e e n   t a p e  
12  and  p r i n t i n g   matr ix   22.  If  more  than  one  color  is  to  be  p r i n t e d  

on  the  t ape ,   the  tape  is  then  pul led   to  a  pos i t ion   a d j a c e n t   to  a  

s econd   c a r r i e r   s u p p o r t e d   ink  26b  with  a  d i f f e r e n t   color  ink  and  a  

second   hea t ed   p r i n t i n g   matr ix  h a v i n g   a  d i f f e r e n t   image  t h e r e o n ,  



and  then   to  a  pos i t ion  ad jacen t   to  a  t h i rd   c a r r i e r   s u p p o r t e d   i n k  

26c  with  a  f u r t h e r   color  ink  and  a  th i rd   hea ted   p r i n t i n g   m a t r i x .  

Af te r   the  tape  has  been  p r i n t e d   with  the  ink  c o n t a i n i n g   t h e  

sub l imable   dye,   it  is  pu l led   t h r o u g h   seal  r e g i s t r a t i o n   a d j u s t m e n t   31 

by  main  label  dr ive   wheels  32.  If  the  tape  be ing   used  to  p r e p a r e  

the  p r i n t e d   labels  is  made  of  a  woven  f ab r i c ,   the  cut  edges   of  t h e  

tape  will  u n r a v e l   and  f ray  d u r i n g   use.   If  the  fabr ic   is  made  of  a  

t h e r m o p l a s t i c   mater ia l ,   this  problem  can  be  a l l ev ia t ed   by  h e a t  

sea l ing   the  cut  edges .   In  FIG.  1,  a  band  of  the  fabr ic   tape  i s  

fused   be tween   two  po r t i ons   of  the  tape  which  have  been  p r i n t e d  

with  the  des i r ed   image  by  means  of  hea t ed   sea l ing   ba r s   34.  T h e  

d i s t a n c e   that   the  tape  t r a v e l s   can  be  a d j u s t e d   by  means  of  s e a l  

r e g i s t r a t i o n   a d j u s t m e n t   31,  which  compr i ses   an  idler   wheel  on  t h e  

end  of  an  a d j u s t a b l e   r o t a t a b l e   arm,  so  that   the  s ea l ing   b a r s  

con tac t   the  s u r f a c e s   of  the  tape  in  the  d e s i r e d   areas   b e t w e e n   t h e  

p r i n t e d   images  on  the  t ape .   The  tape  12  is  then   pul led   t h r o u g h  

cut  r e g i s t r a t i o n   a d j u s t m e n t   36  by  c u t t e r   t a k e - u p   d r ive   wheels  38 .  

Cut  r e g i s t r a t i o n   a d j u s t m e n t   36  compr i ses   an  a d j u s t a b l e   r o t a t a b l e  

arm  and  idler   wheel  a r r a n g e m e n t   similar  to  that   of  seal  r e g i s t r a t i o n  

a d j u s t m e n t   31.  The  d i s t a n c e   the  tape  t r ave l s   can  again  b e  

a d j u s t e d   by  cut  r e g i s t r a t i o n   a d j u s t m e n t   36  so  that   s c i s s o r s   c u t t e r  

42  cuts   the  tape  in  the  middle  of  each  fused   band   made  on  t h e  

tape  by  the  h e a t e d   sea l ing   bars   34.  Upon  being  cut  by  c u t t e r   42,  

the  p r i n t e d   labels  are  fed  into  the  nip  where  t r a n s f e r   belt  44 

moving  in  a  c o u n t e r c l o c k w i s e   d i r e c t i o n   and  t r a n s f e r   belt  46  m o v i n g  

in  a  c lockwise  d i r ec t ion   in i t ia l ly   come  into  con t ac t .   The  p r i n t e d  

labels  are  then  c o n v e y e d   b e t w e e n   t r a n s f e r   bel ts   44  and  46  and  f e d  

into  the  nip  where   ou te r   belt  54  moving  in  a  c o u n t e r c l o c k w i s e  

d i r ec t i on   and  inner   belt  48  moving  in  a  c lockwise   d i r e c t i o n   i n i t i a l l y  

come  into  con tac t .   The  p r i n t e d   labels   are  then  h e a t e d   as  they   a r e  

c o n v e y e d   be tween   ou te r   belt  54  hea t ed   by  shoe  58  and  i nne r   b e l t  

48  h e a t e d   by  drum  50  a r o u n d   the  c i r c u m f e r e n c e   of  drum  50  in  a  

c lockwise  d i r ec t i on .   The  p r i n t e d   labels  are  hea t ed   to  above  t h e  

sub l imat ion   t e m p e r a t u r e   of  the  dye  c o n t a i n e d   in  the  ink  c o m p o s i t i o n  

for  a  per iod   of  time  which  is  su f f i c i en t   to  permit   all  of  the  dye  t o  

sublime  or  vapor ize   from  the  ink  and  d i f fuse   into  the  s u r f a c e   o f  



the  tape  s u b s t r a t e .   The  p r i n t e d   labels   are  g e n e r a l l y   h e a t e d   to  a  

t e m p e r a t u r e   in  the  r ange   of  about   140°C  (284°F)  to  about   2 2 4 ° C  

(435°F)  be tween   the  belts  for  a  pe r iod   of  about   2  to  about   10 

s e c o n d s .   As  soon  as  the  l a b e l s ,   which  have  by  then   b e e n  

p e r m a n e n t l y   m a r k e d   by  the  dye,   exit  from  the  last  point   of  c o n t a c t  

of  belts  48  and  54,  they  are  t r a n s f e r r e d   by  rolls  60  to  l a b e l  

s t a c k e r   62.  As  each  p e r m a n e n t l y   marked   label  is  i n s e r t e d   i n t o  

s t a c k e r   62  by  rolls  60,  it  is  p u s h e d   back  into  the  s t a c k e r   b y  

t amper   64  to  make  room  for  the  next   label  to  be  i n s e r t e d .   It  will 

be  a p p r e c i a t e d   that   any  sou rce   of  e n e r g y   which  is  s u f f i c i e n t   t o  

heat   the  p r i n t e d   s u b s t r a t e   to  cause   the  dye  in  the  ink  c o m p o s i t i o n  

to  sublime  and  d i f fuse   into  the  s u r f a c e   of  the  s u b s t r a t e   can  b e  

used  in  place  of  h e a t i n g   device   40  shown  in  FIG.  1 .  

A  second   a p p a r a t u s   su i t ab le   for  use  in  p r a c t i c i n g   the  p r o c e s s  
of  the  p r e s e n t   i n v e n t i o n   is  shown  in  FIG.  3,  in  which  the  s a m e  

n u m e r a l s   r e f e r   to  same  p a r t s   shown  in  FIG.  1.  The  p a r t s   o f  

machine  10  for  hot  s t a m p i n g   the  tape  12  u s i n g   the  c a r r i e r  

s u p p o r t e d   ink  26  are  the  same  as  those   shown  in  FIG.  1.  Tape   12 

is  fed  into  the  hot  s t a m p i n g   machine  10  from  roll  14  a r o u n d   i d l e r  

wheel  16  and  d a n c e r   arm  18  b e t w e e n   hea t ed   p l a t en   20  with  p r i n t i n g  

mat r ices   22  and  b a c k - u p   pad  24.  Then ,   tape  12  is  fed  a r o u n d  

idler   wheels  66  pas t   the  face  of  a  gas  d i s c h a r g e   lamp  68,  such   a s  

a  xenon  f lash  lamp,  t h r o u g h   seal  r e g i s t r a t i o n   a d j u s t m e n t   3 1 ,  

t h r o u g h   main  tape  dr ive   wheels  32,  t h r o u g h   heat   s ea l ing   ba r s   34,  

and  t h r o u g h   cut  r e g i s t r a t i o n   a d j u s t m e n t   36.  From  tha t   po in t ,   t a p e  

12  is  fed  t h r o u g h   c u t t e r   t a k e - u p   d r ive   wheels  38,  cut  into  l a b e l s  

by  s c i s s o r s   c u t t e r   42,  and  a d v a n c e d   by  label  t r a n s f e r   rolls  60  i n t o  

label  s t a c k e r   62  with  t amper   64,  all  loca ted   on  a t t a c h m e n t   70 

e x t e n d i n g   from  hot  s t a m p i n g   machine  10.  The  o p e r a t i o n   of  t h e  

a p p a r a t u s   shown  in  FIG.  3  is  i den t i ca l   to  that   d e s c r i b e d   above  i n  

c o n n e c t i o n   with  the  a p p a r a t u s   shown  in  FIG.  1  t h r o u g h   p r i n t i n g   o f  

the  images  on  tape  12  u s ing   c a r r i e r   s u p p o r t e d   inks  26a,  26b  a n d  

26c.  After   the  tape  has  been  p r i n t e d ,   it  is  pul led   a r o u n d   i d l e r  

wheels  66  so  that   it  p a s s e s   in  f ron t   of  a  gas  d i s c h a r g e   lamp  68,  

such  as  a  xenon  f lash  lamp,  with  the  p r i n t e d   images  on  the  t a p e  

fac ing  the  lamp.  As  each  p r i n t e d   image  p a s s e s   the  f ron t   of  t h e  



lamp  68,  the  lamp  is  e n e r g i z e d   and  the  flash  heats   the  s u b l i m a b l e  

dye  in  the  ink  above  its  sub l imat ion   t e m p e r a t u r e   c a u s i n g   the  d y e  

to  subl ime  and  then   d i f fuse   into  the  tape  12.  A  xenon  f lash  l amp  

d i s c h a r g i n g   at  an  e n e r g y   d e n s i t y   of  2.3  joules /cm2  for  a  pe r iod   o f  

0.25  s econd   has  been  found  to  be  su i t ab l e .   After   the  tape  h a s  

been   e x p o s e d   to  the  flash  lamp  and  p e r m a n e n t l y   dyed ,   it  is  p u l l e d  

t h r o u g h   seal  r e g i s t r a t i o n   a d j u s t m e n t   31  by  main  drive  wheels  32 .  

If  the  tape  12  is  made  of  fabr ic   that   will  f ray   or  u n r a v e l   w h e n  

cut ,   then   a  band   of  the  tape  is  fused   be tween   two  p r i n t e d   p o r t i o n s  

by  means  of  hea t ed   sea l ing   bars   34.  The  tape  12  is  then  p u l l e d  

t h r o u g h   cut  r e g i s t r a t i o n   a d j u s t m e n t   36  by  c u t t e r   t a k e - u p   d r i v e  

wheels   38,  and  then   cut  into  labels  by  s c i s s o r s   c u t t e r   42  in  t h e  

middle  of  each  fused   b a n d .   Upon  be ing   cut ,   the  p r i n t e d   l a b e l s  

are  then   t r a n s f e r r e d   by  rolls  60  to  label  s t a c k e r   62  where  they   a r e  

p u s h e d   back   into  a  s tack   by  t amper   64 .  

A  more  complete   a p p r e c i a t i o n   of  the  i n v e n t i o n   will  be  r e a l i z e d  

by  r e f e r e n c e   to  the  following  speci f ic   examples   which  re la te   t o  

spec i f i c   ink  c o m p o s i t i o n s   and  c a r r i e r   s u p p o r t e d   inks  and  t o  

m e t h o d s   for  p r e p a r i n g   such  compos i t ions   and  c a r r i e r   s u p p o r t e d  

inks   and  for  u s ing   such  c a r r i e r   s u p p o r t e d   inks  to  p e r m a n e n t l y  

p r i n t   spec i f ic   s u b s t r a t e   ma te r i a l s .   The  following  examples   are  n o t  

i n t e n d e d   to  limit  the  i n v e n t i o n   d i sc losed   he re in   excep t   to  t h e  

e x t e n t   tha t   l imi ta t ions   are  spec i f i ca l ly   s t a t ed   or  to  the  e x t e n t   t h a t  

l imi ta t ions   a p p e a r   in  the  a p p e n d e d   c l a i m s .  

EXAMPLE  1 

Into  a  mixing  vesse l   w a s   added   20  grams  of  an  a c r y l i c  

t e r p o l y m e r   emulsion  (UCAR  503,  58%  TS,  Union  Ca rb ide )   and  50 

grams  of  wate r .   The  m ix tu re   was  then  p laced  in  an  a i r - d r i v e n  

p r o p e l l e r - t y p e   mixer  until   the  i n g r e d i e n t s   are  t h o r o u g h l y   m i x e d .  

Af te r   the  pH  of  the  mix tu re   was  a d j u s t e d   to  8 . 0 - 9 . 0 ,   50  grams  o f  

a  c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   c o n t a i n i n g   29%  c a r n a u b a  

wax  and  5%  acryl ic   po lymer   ( Jonwax   22,  S.C.   J o h n s o n )   and  40 

grams  of  an  aqueous   d i s p e r s i o n   of  a  black  subl imable   dye  ( F o r o n  

Black   SK  p a s t e ,   50%  TS,  Sandoz)   were  added  to  the  m ix tu re   a n d  

mixing   was  c o n t i n u e d   until   all  of  the  i n g r e d i e n t s   were  t h o r o u g h l y  



mixed.   After   mixing,   the  ink  compos i t ion   was  f i l t e red   t h r o u g h   a  

f i l ter   bag  and  then  the  pH,  v i s c o s i t y ,   s u r f a c e   t ens ion   and  s o l i d s  

c o n t e n t   were  c h e c k e d   and  a d j u s t e d   where   a p p r o p r i a t e .  

The  ink  compos i t ion   was  then   coa ted   onto  a  0.0381  mm. 

t r e a t e d   high  dens i t y   p o l y e t h y l e n e   film  (Philjo  #685,  Phil l ips   J o a n n a )  

by  means  of  a  coa te r .   The  ink  was  p u m p e d   into  a  s u p p l y   p a n  
located  b e n e a t h   the  film  where   it  was  p i cked   up  by  an  i n k i n g   r o l l  

and  appl ied  to  the  u n d e r s i d e   of  the  film  in  a  heavy   coat  at  a  r a t e  

of  10.16  cm/sec .   Excess   ink  was  then  me te r ed   off  of  the  film  b y  

means  of  a  #20  Meyer  bar   to  the  a p p r o p r i a t e   t h i c k n e s s .   T h e  

coa ted   c a r r i e r   film  was  then   p a s s e d   t h r o u g h   a  hot  air  t u n n e l   a t  

80°C  (176°F)  and  d r i ed .   The  d r ied   ink  coa t ing   compr i sed   about   41 

p e r c e n t   by  weight  of  the  sub l imab le   dye,   about   29  p e r c e n t   b y  

weight   of  res in   c o m p o n e n t s ,   and  about   30  p e r c e n t   by  weight   o f  

wax.  The  dr ied  coa ted   c a r r i e r   was  then  r e w o u n d   onto  a  l a r g e  
roll,  and  af ter   i n s p e c t i o n   for  f au l t s ,   r e w o u n d   into  smaller   rolls  a n d  

cut  into  na r row  widths   su i t ab le   for  use  in  the  hot  s t a m p i n g  

e q u i p m e n t .  

A  na r row  web  of  the  c a r r i e r   s u p p o r t e d   ink  which  w a s  

p r e p a r e d   when  fed  into  a  Markem  Model  355  fabr ic   label  p r i n t e r .  

The  p r i n t i n g   matr ix  of  the  p r i n t e r   was  hea t ed   to  93°C  (2000F) .   A 

p o l y e s t e r   fabric  label  tape  (Markem  #570)  was  then  p r i n t e d   w i t h  

the  c a r r i e r   s u p p o r t e d   ink  u s i n g   normal  p r e s s u r e   a b o u t  

10 .55 -14 .06   kg/cm2  and  a  dwell  time  of  1/300  sec.  90-100  p e r c e n t  
of  the  ink  coa t ing   t r a n s f e r r e d   to  the  s u r f a c e   of  the  fabr ic   tape  t o  

p r o d u c e   a  good  p r i n t .  

The  p r i n t e d   fabr ic   label  was  then   hea t ed   by  a  s o u r c e   of  h o t  

p r e s s u r i z e d   air  d i s c h a r g i n g   from  a  nozzle  at  a  t e m p e r a t u r e   o f  

about   343°C  (650°F)  while  the  label  tape  was  moving  at  a  ra te   o f  

10.16  cm/sec .   to  sublime  the  dye  in  the  p r i n t e d   image  into  t h e  

s u r f a c e   of  the  f ab r i c .   The  f i n i s h e d   label  was  then  washed   u s i n g  

the  modif icat ion  of  AATCC  test   method  61-1980,  test   No.  I V A ,  
d e s c r i b e d   above,   which  c losely   s imula tes   the  e f fec ts   of  h a r s h  

i n d u s t r i a l   l a u n d e r i n g s .   The  washed   label  e x h i b i t e d   g o o d  

w a s h f a s t n e s s .  



EXAMPLE  2 

A  c a r r i e r   s u p p o r t e d   ink  was  p r e p a r e d   u s ing   the  i n k  

compos i t ion   and  p r o c e d u r e   set  for th   in  Example  1  above .   T h e  

c a r r i e r   film  was  coated  at  the  rate   of  4.6  m/min.   An  image  was  

p r i n t e d   onto  a  fused   slit  p o l y e s t e r   (#600,  Royal  Ribbon  Co.)  f a b r i c  

label  tape   and  a  woven  edge  p o l y e s t e r   fabr ic   label  tape   ( M a r k e m  

#570)  u s i n g   the  c a r r i e r   s u p p o r t e d   ink  which  was  p r e p a r e d   with  a  

Markem  Model  355  fabr ic   label  p r i n t e r .   The  p r i n t i n g   mat r ix   of  t h e  

p r i n t e r   was  h e a t e d   to  182°C  (360°F) .   The  p r i n t e d   Markem  #570 

label  was  then  hea t ed   in  a  hot  air  at  329°C  (625°F) ,   2.11  k g / c m 2 ,  

9.14  c m / s e c .   speed   to  sublime  the  dye  from  the  ink  into  t h e  

f a b r i c .   The  p r i n t e d   #600  label  was  l ikewise  h e a t e d   at  329°C  

( 6 2 5 ° F ) ,   2.11  k g / c m  ,   10.16  cm/sec .   speed .   Both  f i n i shed   l a b e l s  

were  then   washed   us ing   the  modified  AATCC  wash  tes t   d e s c r i b e d  

above .   The  washed   labels  both  e x h i b i t e d   good  w a s h f a s t n e s s .  

EXAMPLE  3 

Us ing   an  u l t r a s o n i c   mixer ,   1  pa r t   by  weight   of  a  y e l l o w  

sub l imab le   dye  (SE-SCW  Foron  Yellow,  Sandoz)   was  f i r s t   d i s p e r s e d  

in  1  p a r t   by  weight   of  w a t e r .   Into  an  a i r - d r i v e n   p r o p e l l e r - t y p e  

mixer   was  added   20  grams  of  an  acryl ic   t e r p o l y m e r   emuls ion  ( U C A R  

503)  and  50  grams  of  water ,   which  were  then  t h o r o u g h l y   m i x e d .  

The  pH  was  then   a d j u s t e d   to  8.9  followed  by  add i t ion   of  50  g r a m s  

of  a  c a r n a u b a   wax  and  polymer   d i s p e r s i o n   ( Jonwax   22)  and  40 

grams  of  the  yellow  dye  d i s p e r s i o n   p r e v i o u s l y   p r e p a r e d .   The  i n k  

compos i t ion   was  then  coated   onto  a  high  d e n s i t y   p o l y e t h y l e n e  

c a r r i e r   film  (Philjo  #606,  Phil l ips  Joanna)   u s i n g   the  p r o c e d u r e   s e t  

fo r th   in  Example  1  above  at  a  rate   of  5.08  c m / s e c .   Excess   i n k  

was  m e t e r e d   off  the  u n t r e a t e d   p o l y e t h y l e n e   film  with  a  #10  M e y e r  

ba r .   The  excess   ink  on  a  f i rs t   t r e a t e d   p o l y e t h y l e n e   film  w a s  

m e t e r e d   off  with  a  #10  Meyer  bar  and  that   on  a  s econd   t r e a t e d  

p o l y e t h y l e n e   film  was  me te r ed   off  with  a  #14  Meyer  ba r .   All  of  t h e  

coa ted   films  were  then  d r ied   in  a  hot  air  t unne l   at  71°C  ( 1 6 0 ° F ) .  

The  d r i ed   ink  composi t ion   or  the  c a r r i e r   c o m p r i s e d   about   41 

p e r c e n t   by  weight   of  the  subl imable   dye,   29  p e r c e n t   by  weight   o f  

the  r e s in   c o m p o n e n t s ,   and  30  p e r c e n t   by  weight   of  the  w a x .  



The  th ree   r e s u l t i n g   c a r r i e r   s u p p o r t e d   inks  were  then   used   i n  

a  Markem  Model  355  fabr ic   label  p r i n t e r   with  the  p r i n t i n g   ma t r ix   a t  

a  t e m p e r a t u r e   of  about   121°C  (2500F)  to  p r i n t   onto  a  p o l y e s t e r  

fabr ic   label  tape  (Markem  #570).  The  p r i n t e d   labels   were  t h e n  

- h e a t e d   as  in  Example  1  above  to  subl ime  the  dye  from  the  ink  i n t o  

the  f ab r i c .   The  p r i n t s   made  with  the  c a r r i e r   s u p p o r t e d   i n k  

p r e p a r e d   us ing   the  u n t r e a t e d   p o l y e t h y l e n e   film  were  c o n s i d e r e d  

good,  and  when  washed   u s i n g   the  modif ied  AATCC  wash  t e s t  

d e s c r i b e d   above,   e x h i b i t e d   good  w a s h f a s t n e s s .   The  p r i n t s   m a d e  

with  the  c a r r i e r   s u p p o r t e d   inks   p r e p a r e d   u s i n g   the  t r e a t e d  

p o l y e t h y l e n e   film  were  poor ,   and  t h e r e f o r e ,   were  not  t e s t e d   f o r  

w a s h f a s t n e s s .   The  ink  compos i t ion   did  not  r e l ea se   well  from  t h e  

p o l y e t h y l e n e   film  t r e a t e d   with  co rona   d i s c h a r g e   which  c a u s e d   t h e  

ink  to  a d h e r e   too  t e n a c i o u s l y .  

EXAMPLE  4 

Using  the  p r o c e d u r e   of  Example  3  above ,   42.7  p a r t s   b y  

weight   of  a  blue  sub l imable   dye  (Foron   5-BGL  Blue,   Sandoz)   w a s  

d i s p e r s e d   in  57.3  p a r t s   by  weight   of  water   with  an  u l t r a s o n i c  

mixer .   Into  the  mixer  was  added   40  grams  of  an  a c r y l i c  

t e r p o l y m e r   emulsion  (UCAR  503)  and  100  grams  of  wa te r ,   w h i c h  

were  then  t h o r o u g h l y   mixed.   Af te r   a d j u s t i n g   the  pH  of  t h e  

m i x t u r e   to  8-9,  100  grams  of  a  c a r n a u b a   wax  and  p o l y m e r  

d i s p e r s i o n   ( Jonwax   22),  80  grams  of  the  blue  sub l imab le   d y e  

d i s p e r s i o n ,   and  5  d rops   of  an   a n t i f o a m i n g   agen t   (Orco  A n t i f o a m  

NS-FP)   were  added   and  then  t h o r o u g l y   mixed  with  the  o t h e r  

i n g r e d i e n t s .   The  r e s u l t i n g   ink  compos i t ion   was  then  coa ted   onto  a  

0.0381  mm.  u n t r e a t e d   high  d e n s i t y   p o l y e t h y l e n e   film  (Philjo  # 6 0 6 ) ,  

a  0.0381  mm.  t r e a t e d   high  d e n s i t y   p o l y e t h y l e n e   film  (Philjo  # 6 0 6 ) ,  

a  0.0127  mm.  t r e a t e d   p o l y e t h y l e n e   t e r e p h t h a l a t e   film  ( H o s t a p h a n  

2000,  American  H o e c h s t ) ,   and  a  0.0254  mm.  t r e a t e d   p o l y p r o p y l e n e  

film  (B502,  H e r c u l e s )   u s ing   the  p r o c e d u r e   of  Example  1  a b o v e .  

The  coa t ings   were  me te red   off  of  the  c a r r i e r   films  u s i n g   a  #10 

Meyer   bar .   The  dr ied   ink  compos i t i ons   c o m p r i s e d   about   3 7 . 5  

p e r c e n t   by  weight   of  sub l imable   dye,   about   30.5  p e r c e n t   by  w e i g h t  
of  res in   c o m p o n e n t s ,   and  about   32  p e r c e n t   by  weight   of  w a x .  



Each  of  the  c a r r i e r   s u p p o r t e d   inks  so  p r e p a r e d   were  then  used   i n  

a  Markem  Model  355  fabr ic   label  p r i n t e r   to  p r i n t   onto  a  p o l y e s t e r  

f ab r i c   label  tape  (Markem  #570).  The  ink  compos i t ion   r e l e a s e d   well 

only  from  the  u n t r e a t e d   p o l y e t h y l e n e   c a r r i e r   b e c a u s e   the  s u r f a c e s  

of  all  of  the  o the r   c a r r i e r   films  had  been  co rona   d i s c h a r g e   t r e a t e d  

c a u s i n g   the  ink  to  a d h e r e   too  t e n a c i o u s l y .  

EXAMPLE  5 

Using   the  p r o c e d u r e   of  Example  3  above ,   500  grams  of  a  

yellow  sub l imab le   dye  (F lavine   Yellow  S-BGF,  Sandoz)   was  f i r s t  

d i s p e r s e d   in  500  grams  of  water   us ing   an  u l t r a s o n i c   mixer  for  4 

m i n u t e s ,   r e a c h i n g   a  t e m p e r a t u r e   of  49°C  (120°F) .   Then ,   40  g r a m s  
of  an  ac ry l ic   t e r p o l y m e r   emulsion  (UCAR  503)  was  t h o r o u g h l y  

mixed  in  100  grams  of  water   u s ing   an  a i r - d r i v e n   p r o p e l l e r - t y p e  

mixer .   Af te r   a d j u s t i n g   the  pH  to  8-9,  100  grams  of  a  c a r n a u b a  

wax  and  po lymer   d i s p e r s i o n   ( Jonwax   22)  and  80  grams  of  t h e  

yellow  sub l imab le   dye  d i s p e r s i o n   p r e v i o u s l y   p r e p a r e d   were  a d d e d  

to  the  m i x t u r e   and  t h o r o u g h l y   mixed  with  the  o the r   i n g r e d i e n t s .  

The  r e s u l t i n g   ink  composi t ion   was  then  coated  onto  a  0.0318  mm. 

u n t r e a t e d   p o l y e t h y l e n e   film  (Philjo  #606)  at  a  ra te   of  5.08  c m / s e c .  

The  e x c e s s   ink  was  me te red   off  with  a  #8  Meyer  bar .   The  c o a t e d  

film  was  then  d r i ed   in  a  hot  air  t unne l   at  38°C  (100°F) .   T h e  

d r ied   ink  compos i t ion   compr i s ed   about   41  p e r c e n t   by  weight   o f  

sub l imab le   dye,   about   29  p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,  

and  abou t   30  p e r c e n t   by  weight   of  wax.  When  the  c a r r i e r  

s u p p o r t e d   ink  was  used   in  a  Markem  Model  355  f abr ic   l a b e l  

p r i n t e r ,   it  e x h i b i t e d   good  r e l ease   of  the  ink  coa t ing   to  the  f a b r i c  

s u b s t r a t e .  

EXAMPLE  6 

Fol lowing  the  p r o c e d u r e   of  Example  5  above ,   500  grams  of  a n  

o r a n g e   sub l imable   dye  (Foron   Orange   S-GF,  Sandoz)   was  f i r s t  

d i s p e r s e d   in  500  grams  of  water   in  an  u l t r a s o n i c   mixer  for  2 

m i n u t e s ,   r e a c h i n g   a  t e m p e r a t u r e   of  38°C  (100°F) .   T h e n ,   an  i n k  

compos i t i on   was  p r e p a r e d   us ing   the  formula  of  Example  5,  

r e p l a c i n g   the  d i s p e r s i o n   of  yellow  dye  with  the  same  amount   o f  



o r a n g e   sub l imable   dye  d i s p e r s i o n   which  was  p r e p a r e d ,   which  w a s  

then  coated  on  the  u n t r e a t e d   p o l y e t h y l e n e   c a r r i e r   film  (Philjo  #606)  

u s i n g   the  p r o c e d u r e   of  Example  5.  The  r e s u l t i n g   c a r r i e r  

s u p p o r t e d   ink  was  found  to  exhibi t   good  r e l ea se   of  the  ink  c o a t i n g  

from  the  c a r r i e r   onto  the  fabr ic   s u b s t r a t e   and  good  color  w h e n  

used   in  a  Markem  Model  355  fabric   label  p r i n t e r .   P r i n t e d   f a b r i c  

labels   were  then   hea ted   to  cause  the  dye  in  the  ink  to  subl ime  i n t o  

the  fabr ic   as  d e s c r i b e d   in  Example  1.  The  f i n i s h e d   labels   w e r e  

then  washed  us ing   the  modified  AATCC  wash  tes t   d e s c r i b e d   a b o v e  

and  were  found  to  exhib i t   good  w a s h f a s t n e s s .   Af te r   a g i n g ,   t h e  

ink  coa t ing   on  the  c a r r i e r   had  lost  more  water   and  so lven t   to  t h e  

a t m o s p h e r e   so  that   the  coa t ing   easi ly  fell  off  the  c a r r i e r   w h e n  

f lexed .   The  adhes ion   to  the  c a r r i e r   can  b-  i m p r o v e d   b y  

i n c r e a s i n g   the  rat io  of  res in   to  sub l imab le   dye  in  the  i n k  

c o m p o s i t i o n .  

EXAMPLE  7 

An  ink  composi t ion   was  p r e p a r e d   u s i n g   the  p r o c e d u r e   o f  

Example  6  above .   Into  an  a i r - d r i v e n   p r o p e l l e r - t y p e   mixer   w e r e  

added   40  grams  of  an  acryl ic   t e r p o l y m e r   emuls ion  (UCAR  503 ,  

58.5%  TS,  Union  Ca rb ide )   and  100  grams  of  water   and  t h e n  

t h o r o u g h l y   mixed.   After   a d j u s t i n g   the  pH  of  the  m i x t u r e   to  8 - 9 ,  

100  grams  of  a  c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   ( J o n w a x   22)  

and  60  grams  of  the  aqueous   d i s p e r s i o n   of  o r a n g e   sub l imab le   d y e  

p r e p a r e d   in  Example  6  were  added   and  t h o r o u g h l y   mixed  with  t h e  

o the r   i n g r e d i e n t s .   The  ink  composi t ion   was  then  coa ted   onto  a n  

u n t r e a t e d   p o l y e t h y l e n e   c a r r i e r   film  and  the  exces s   was  m e t e r e d   o f f  

u s i n g   a  #8  Meyer  bar .   The  dr ied   ink  compos i t ion   c o m p r i s e d   a b o u t  

34  p e r c e n t   by  weight   of  subl imable   dye ,   a b o u t   33  p e r c e n t   b y  

weight   of  res in   c o m p o n e n t s ,   and  about   33  p e r c e n t   by  weight   o f  

wax.  The  dr ied   coa t ing   was  o b s e r v e d   to  be  too  s t r e a k y .   T h e  

same  c a r r i e r   film  was  then  coated  with  the  same  ink  c o m p o s i t i o n  

us ing   a  #10  Meyer  bar  to  apply   a  t h i c k e r   coa t i ng .   A  p o l y e s t e r  

fabr ic   label  tape  (Markem  #570)  was  p r i n t e d   with  the  r e s u l t i n g  

c a r r i e r   s u p p o r t e d   ink  in  a  Markem  Model  355  fabr ic   label  p r i n t e r ,  

and  then  hea t ed   to  cause  the  dye  in  the  ink  to  subl ime  into  t h e  



fabr ic   as  d e s c r i b e d   in  Example  1.  The  f in i shed   labels  were  t h e n  

s u b j e c t e d   to  a  wet  c r o c k i n g   tes t   (AATCC  Test   Method  8 - 1 9 8 1 ) .  

Since  the re   was  too  much  sub l imab le   dye  in  the  ink  p r i n t e d   on  t h e  

s u r f a c e   of  the  f ab r i c ,   it  did  not  all  subl ime  into  the  fabr ic   a n d  

t h e r e f o r e ,   was  pa r t i a l l y   r emoved   d u r i n g   the  c rock   t e s t .   T h e  

solids  con ten t   of  the  ink  compos i t ion   was  then  r e d u c e d   20  p e r c e n t  

by  a d d i n g   more  water   so  tha t   the  ink  coa t ing   would  conta in   l e s s  

sub l imab le   dye.  The  c a r r i e r   film  was  then  coated  with  the  d i l u t e d  

ink  composi t ion  and  the  exces s   was  m e t e r e d   off  with  a  #10  M e y e r  

ba r .   A  good  coa t ing   was  p r o d u c e d   on  the  c a r r i e r .   F i n i s h e d  

fabr ic   labels  which  had  been  p r i n t e d   with  the  new  c a r r i e r  

s u p p o r t e d   ink  and  hea t ed   as  above  were  found  to  exh ib i t   good  w e t  

c r o c k i n g   p r o p e r t i e s .  

EXAMPLE  8 

Using  the  p r o c e d u r e   of  Example  1,  20  grams  of  an  a c r y l i c  

t e r p o l y m e r   emulsion  (UCAR  503)  and  50  grams  of  w a t e r  w e r e   a d d e d  

to  an  a i r - d r i v e n   p r o p e l l e r - t y p e   mixer  and  t h o r o u g h l y   m i x e d .  

Fol lowing  a d j u s t m e n t   of  the  pH  to  8 . 0 - 9 . 0 ,   50  grams  of  a  c a r n a u b a  

wax  and  polymer   d i s p e r s i o n   ( J o n w a x   22)  and  30  grams  of  a n  

a q u e o u s   d i s p e r s i o n   of  a  b lack  sub l imab le   dye  (Foron  Black  SK 

p a s t e )   were  added   and  t h o r o u g h l y   mixed  with  the  o the r   i n g r e d i e n t s  

for  15  minu tes .   The  r e s u l t i n g   ink  compos i t ion   was  then  c o a t e d  

onto  a  0.0318  mm.  u n t r e a t e d   p o l y e t h y l e n e   c a r r i e r   film  (Philjo  #606)  

and  at  a  rate  of  5.08  c m / s e c .   The  excess   ink  was  me te r ed   o f f  

with  a  #10  Meyer  ba r .   The  coa ted   film  was  then  dr ied   in  a  hot  a i r  

t u n n e l   at  49°C  (120°F) .   The  d r i ed   ink  composi t ion   c o m p r i s e d  

about   34  p e r c e n t   by  weight   of  sub l imab le   dye,   about   33  p e r c e n t   b y  

weight   of  res in   c o m p o n e n t s ,   and  about   33  p e r c e n t   by  weight   o f  

wax.  The  coa t ing   on  the  c a r r i e r   e x h i b i t e d   good  color,   but  h a d  

lines  in  it,  and  t h e r e f o r e ,   was  c o n s i d e r e d   poor .   The  c a r r i e r   was  

then   coated  and  the  excess   r emoved   with  a  #12  Meyer  bar .   T h e  

r e s u l t i n g   coa t ing ,   h o w e v e r ,   was  then   too  dense ,   so  120  grams  o f  

the  ink  composi t ion  p r e p a r e d   above  was  d i lu ted   with  20  grams  o f  

wa te r .   The  c a r r i e r   was  coated   with  the  d i lu ted   ink  c o m p o s i t i o n  

and  the  excess   was  r emoved   with  a  #12  Meyer  bar .   Dilut ion  w i t h  



water   r e s u l t e d   in  a  lower  solids  depos i t i on   on  the  c a r r i e r   w h i c h  

p r o d u c e d   p r i n t s   that   would  not  c rock   when  s u b j e c t e d   to  the  w e t  

c r o c k i n g   test   d e s c r i b e d   a b o v e .  

EXAMPLE  9 

Using  the  p r o c e d u r e   of  Example  1  above ,   an  ink  c o m p o s i t i o n  

was  p r e p a r e d   by  t h o r o u g h l y   mixing  40  grams  of  an  a c r y l i c  

t e r p o l y m e r   emulsion  (UCAR  503)  and  140  grams  of  wa te r ,   100 

grams  of  a  c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   ( J o n w a x   22),  a n d  

100  grams  of  an  aqueous   d i s p e r s i o n   of  a  black  sub l imab le   d y e  

(Foron   Black  SK).  The  r e s u l t i n g   ink  compos i t ion   was  then   c o a t e d  

onto  a  0.0127  p o l y e t h y l e n e   t e r e p h t h a l a t e   film  ( D u P o n t )   and  a  
0.0318  mm.  u n t r e a t e d   p o l y e t h y l e n e   film  (Philjo  #606)  at  a  ra te   o f  

5.08  cm/ sec .   The  excess   ink  was  m e t e r e d   off  both  coa ted   f i lms  

with  a  #12  Meyer  ba r .   The  coated  films  were  then  d r i ed   in  a  h o t  

air  t unne l   at  49°C  (120°F) .   The  dr ied   ink  compos i t ion   c o m p r i s e d  

about   46.5  p e r c e n t   by  weight   of  sub l imab le   dye,   abou t   2 6 . 5  

p e r c e n t   by  weight   of  r es in   c o m p o n e n t s ,   and  about   27  p e r c e n t   b y  

weight   of  wax.  A  p o l y e s t e r   fabr ic   label  tape  (Markem  #570)  w a s  

then  p r i n t e d   and  hea t ed   as  above  with  both  c a r r i e r   s u p p o r t e d  

inks .   Good  p r i n t s   were  ob ta ined   us ing   both   c a r r i e r   s u p p o r t e d  

i n k s .  

EXAMPLE  10 

Using  the  p r o c e d u r e   of  Example  1  above ,   80  grams  of  a n  

acry l ic   t e r p o l y m e r   emulsion  (UCAR  503)  was  t h o r o u g h l y   mixed  w i t h  

200  grams  of  water   in  a  high  speed   d i s p e r s e r .   The  pH  was  t h e n  

a d j u s t e d   to  9.2.  Then ,   200  grams  of  a  c a r n a u b a   wax  and  p o l y m e r  

d i s p e r s i o n   ( Jonwax   22)  and  120  grams  of  a  d i s p e r s i o n   of  1  p a r t   b y  

weight   of  a  yellow  sub l imable   dye  (Amacron   Yellow  GSE,  A m e r i c a n  

Color  &  Chemicals )   in  1  pa r t   by  weight   of  water   were  a d d e d   a n d  

t h o r o u g h l y   mixed  with  the  o ther   i n g r e d i e n t s .   The  r e s u l t i n g   i n k  

composi t ion   was  then  coated   onto  a  0.0318  mm.  medium  t r e a t e d  

p o l y e t h y l e n e   c a r r i e r   film  (Philjo  #606)  at  a  ra te   of  5.08  c m / s e c .  

The  excess   ink  was  me te r ed   off  with  a  #8  Meyer  bar   and  t h e  

coa ted   film  was  dr ied   in  a  hot  air  oven  at  49°C  ( 1 2 0 ° F ) .   T h e  



dr ied   ink  composi t ion   compr i s ed   about   34  p e r c e n t   by  weight   o f  

sub l imab le   dye,   about   33  p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,  

and  about   33  p e r c e n t   by  weight   of  wax.  The  ink  coa t ing   on  t h e  

c a r r i e r   e x h i b i t e d   some  f l ak ing ,   but  p r o d u c e d   a  good  p r in t   w h e n  

used   in  a  Markem  Model  355  fabr ic   label  p r i n t e r   to  p r i n t   p o l y e s t e r  

fabr ic   label  tape  (Markem  #570).  The  p r i n t e d   labels  were  h e a t e d  

to  cause   the  dye  in  the  ink  to  subl ime  into  the  fabr ic   as  d e s c r i b e d  

in  Example  1  above  and  then   washed   u s i n g   the  modif ica t ion  of  t h e  

AATCC  wash  tes t   d e s c r i b e d   above .   The  labels  were  found  t o  

exh ib i t   good  w a s h f a s t n e s s .  

EXAMPLES  11-12  

Using  the  p r o c e d u r e   of  Example  3  above ,   two  d i f f e r e n t   ye l l ow  

sub l imab le   dye  d i s p e r s i o n s   were  p r e p a r e d   by  mixing  1  pa r t   b y  

weight   of  each  of  Foron  Yellow  S-4GL  (Sandoz )   and  Foron  Yel low 

E-3GFL  (Sandoz)   in  1  pa r t   by  weight   of  water   u s ing   an  u l t r a s o n i c  

mixer   unti l   the  d i s p e r s i o n   t e m p e r a t u r e   r e a c h e d   49°C  ( 1 2 0 ° F ) .  

Each  of  two  ink  compos i t ions   was  then  p r e p a r e d   by  t h o r o u g h l y  

mixing  40  grams  of  an  ac ry l ic   t e r p o l y m e r   emulsion  (UCAR  503)  a n d  

100  grams  of  water   in  the  mixer .   Af te r   the  pH  was  a d j u s t e d   t o  

8 . 0 - 9 . 0  i n   each  m ix tu r e ,   100  grams  of  a  c a r n a u b a   wax  and  p o l y m e r  

d i s p e r s i o n   ( Jonwax   22)  and  60  grams  of  one  of  the  p r e v i o u s l y  

p r e p a r e d   yellow  dye  d i s p e r s i o n s   were  added   to  each  of  t h e  

m i x t u r e s   and  then  t h o r o u g h l y   mixed  with  the  o ther   i n g r e d i e n t s .  

Each  ink  composi t ion   was  then  coa ted   onto  a  c a r r i e r   film.  T h e  

dr ied   ink  compos i t ions   c o m p r i s e d   abou t   34  p e r c e n t   by  weight   o f  

sub l imable   dye,   about   33  p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,  

and  about   33  p e r c e n t   by  weight   of  wax.  A  p o l y e s t e r   fabr ic   l a b e l  

tape  (Markem  #570)  was  then  p r i n t e d   with  each  of  the  c a r r i e r  

s u p p o r t e d   inks  p r e p a r e d .   All  of  the  p r i n t e d   images  e x h i b i t e d   g o o d  

c o l o r .  

EXAMPLE  13 

An  ink  compos i t ion   c o n t a i n i n g   a  dye  with  a  lower  s u b l i m a t i o n  

t e m p e r a t u r e   than  those   p r e v i o u s l y   employed   was  p r e p a r e d   u s i n g  

the  p r o c e d u r e   of  Example  1  above.   To  an  a i r - d r i v e n   p r o p e l l e r -  



type   mixer  were  added   40  grams  of  an  acryl ic   t e r p o l y m e r   e m u l s i o n  

(UCAR  503)  and  100  grams  of  water   which  were  then   t h o r o u g h l y  
mixed.   After   a d j u s t i n g   the  pH  to  8 . 0 - 9 . 0   100  grams  of  a  

c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   ( Jonwax   22)  and  60  grams  o f  

a  low  e n e r g y   black  subl imable   dye  (Foron   Black  E-DP,   50%  T S ,  

Sandoz)   were  added   to  the  mix tu re   and  then  t h o r o u g h l y   mixed  w i t h  

the  o ther   i n g r e d i e n t s .   The  r e s u l t i n g   ink  compos i t ion   was  t h e n  

coa ted   onto  a  0.0318  mm.  p o l y e t h y l e n e   film  (Philjo  #606).   T h e  

d r ied   ink  compos i t ion   compr i sed   about   34  p e r c e n t   by  weight   of  t h e  

sub l imab le   dye,   about   33  p e r c e n t   by  weight   of  the  r e s i n  

c o m p o n e n t s ,   and  about   33  p e r c e n t   by  weight   of  the  wax.  T h e  

c a r r i e r   s u p p o r t e d   ink  was  then  used  in  a  Markem  Model  355  f a b r i c  

label  p r i n t e r   to  p r in t   on  a  p o l y e s t e r   fabr ic   label  tape  ( M a r k e m  

#570).   The  p r i n t e d   labels  were  then  hea t ed   c a u s i n g   the  dye  i n  

the  ink  to  sublime  into  the  fabr ic   and  then  p a r t i a l l y   r e s u b l i m e .  

The  f in i shed   labels  were  washed   us ing   the  modif ied  AATCC  w a s h  

test   d e s c r i b e d   above .   The  labels  did  not  exh ib i t   w a s h f a s t n e s s .  

I n s t e a d ,   80%  of  the  dye  was  r emoved   from  the  f ab r i c   due  t o  

r e s u b l i m a t i o n   of  the  dye  s u b j e c t e d   to  the  e x t e n d e d   pe r iod   o f  

h e a t i n g   d u r i n g   the  wash ing   t e s t .  

EXAMPLE  14 

A  c a r r i e r   s u p p o r t e d   ink  c o n t a i n i n g   a  blue  sub l imab le   dye  w a s  

p r e p a r e d   us ing   the  p r o c e d u r e   of  Example  1  above .   Into  a  h i g h  

speed   d i s p e r s e r   were  added   40  grams  of  an  ac ry l i c   t e r p o l y m e r  

emulsion  (UCAR  503)  and  100  grams  of  wate r ,   which  were  t h e n  

t h o r o u g h l y   mixed.   The  pH  was  a d j u s t e d   to  8 . 0 - 9 . 0   and  then   100 

grams  of  a  c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   ( J o n w a x   22)  a n d  

60  grams  of  an  aqueous   d i s p e r s i o n   of  a  blue  sub l imab le   dye  ( F o r o n  

Blue  S-BGL,  Sandoz)   were  added   to  the  m ix tu re   and  t h o r o u g h l y  

mixed  with  the  o the r   i n g r e d i e n t s .   The  r e s u l t i n g   ink  c o m p o s i t i o n  

was  then  coated  onto  a  0.0318  mm.  p o l y e t h y l e n e   film  (Philjo  # 6 0 6 ) .  

The  d r ied   ink  compos i t ion   compr i sed   about   34  p e r c e n t   by  weight   o f  

sub l imable   dye,   about   33  p e r c e n t   by  weight   of  r es in   c o m p o n e n t s ,  
and  about   33  p e r c e n t   by  weight   of  wax.  A  p o l y e s t e r   f abr ic   l a b e l  

tape  (Markem  #570)  was  then  p r i n t e d   us ing   the  c a r r i e r   s u p p o r t e d  



ink  p r e p a r e d   in  a  Markem  Model  355  fabr ic   label  p r i n t e r .   T h e  

p r i n t e d   images  e x h i b i t e d   good  color.   The  p r i n t e d   labels  were  t h e n  

h e a t e d   as  d e s c r i b e d   in  Example  1  to  cause  the  dye  in  the  ink  t o  

subl ime  into  the  f ab r i c .   The  f in i shed   labels   were  then   w a s h e d  

u s i n g   the  modified  AATCC  wash  tes t   d e s c r i b e d   above .   The  l a b e l s  

e x h i b i t e d   good  w a s h f a s t n e s s .  

EXAMPLE  15 

A  c a r r i e r   s u p p o r t e d   ink  c o n t a i n i n g   a  t u r q u o i s e   sub l imable   d y e  

was  p r e p a r e d   u s i n g   the  p r o c e d u r e   of  Example  1  above .   The  i n k  

compos i t ion   was  p r e p a r e d   by  t h o r o u g h l y   mixing  40  grams  of  a n  

acry l ic   t e r p o l y m e r   emuls ion  (UCAR  503)  and  100  grams  of  water   i n  

a  high  speed   d i s p e r s e r ,   a d j u s t i n g   the  pH  to  8 . 0 - 9 . 0 ,   a d d i n g   100 

grams  of  a  c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   ( J o n w a x   22),  60 

grams  of  an  a q u e o u s   d i s p e r s i o n   of  a  t u r q u o i s e   sub l imab le   d y e  

(Foron   T u r q u o i s e   S-GBL,   Sandoz)   and  80  grams  of  wate r   to  t h e  

m i x t u r e ,   and  then   t h o r o u g h l y   mixing  all  of  the  i n g r e d i e n t s .   T h e  

ink  compos i t ion   was  then  coated   onto  a  0.0318  mm.  p o l y e t h y l e n e  

film  (Philjo  #606).  The  d r ied   ink  composi t ion   compr i s ed   about   34 

p e r c e n t   by  weight   of  sub l imable   dye,   about   33  p e r c e n t   by  w e i g h t  

of  r e s in   c o m p o n e n t s ,   and  about   33  p e r c e n t   by  weight   of  wax.  T h e  

c a r r i e r   s u p p o r t e d   ink  which  was  p r e p a r e d   was  found  to  p r o d u c e  

good  color  p r i n t s   on  a  p o l y e s t e r   fabr ic   label  tape  (Markem  #570)  

u s i n g   a  Markem  Model  355  fabr ic   label  p r i n t e r .   Af t e r   be ing   h e a t e d  

to  cause   the  dye  to  subl ime  into  the  fabr ic   as  d e s c r i b e d   in  E x a m p l e  

1,  the  labels  were  washed   us ing   the  modified  AATCC  wash  t e s t  

d e s c r i b e d   above  and  were  found  to  exhib i t   good  w a s h f a s t n e s s .  

EXAMPLE  16 

Using  the  p r o c e d u r e   of  Example  1  above ,   25  grams  of  a  

c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   ( Jonwax   22),  15  grams  of  a n  

a q u e o u s   d i s p e r s i o n   of  a  b lack  subl imable   dye  (Foron  Black  S K ) ,  

and  60  grams  of  water   were  t h o r o u g h l y   mixed  us ing   an  a i r - d r i v e n  

p r o p e l l e r - t y p e   mixer .   The  r e s u l t i n g   ink  compos i t ion   was  c o a t e d  

onto  a  0.0318  mm.  p o l y e t h y l e n e   film  (Philjo  #606).  The  d r ied   i n k  

compos i t ion   c o m p r i s e d   about   47  p e r c e n t   by  weight   of  s u b l i m a b l e  



dye,   about   8  p e r c e n t   by  weight   of  r e s in ,   and  about   45  p e r c e n t   b y  

weight   of  wax.  The  c a r r i e r   s u p p o r t e d   ink  which  was  p r e p a r e d  

was  found  to  p r o d u c e   good  color  p r i n t s   on  a  p o l y e s t e r   f abr ic   l a b e l  

tape  (Markem  #570)  us ing   a  Markem  Model  355  fabr ic   label  p r i n t e r .  

The  p r i n t e d   labels   were  hea t ed   to  cause  the  dye  to  subl ime  i n t o  

the  fabr ic   and  then  washed   u s ing   the  modified  AATCC  wash  t e s t  

d e s c r i b e d   above .   The  washed   labels  e x h i b i t e d   good  w a s h f a s t n e s s .  

EXAMPLE  17 

Using  the  p r o c e d u r e   of  Example  1  above ,   15  grams  of  a n  

a q u e o u s   d i s p e r s i o n   of  a  b lack  sub l imable   dye  (Foron  Black  SK),   10 

grams  of  an  acry l ic   t e r p o l y m e r   emulsion  (UCAR  503),  and  75  g r a m s  
of  water   were  t h o r o u g h l y   mixed  with  an  a i r - d r i v e n   p r o p e l l e r - t y p e  

mixer .   The  r e s u l t i n g   ink  compos i t ion   was  then  coa ted   onto  a  
0.0318  mm.  p o l y e t h y l e n e   film  (Philjo  #606).  The  d r i ed   i n k  

compos i t ion   compr i s ed   56  p e r c e n t  b y   weight   of  sub l imable   dye  a n d  

44  p e r c e n t   by  weight   of  r e s in .   The  c a r r i e r   s u p p o r t e d   ink  w a s  
used   in  a  Markem  Model  355  fabr ic   label  p r i n t e r   to  p r i n t   images  o n  

a  p o l y e s t e r   fabr ic   label  tape  (Markem  #570).  The  ink  coa t ing   w a s  

found  to  poor ly   r e l ease   from  the  c a r r i e r ,   t e a r i n g   out  p ieces   of  t h e  

coa t ing   r a t h e r   than  s h a r p l y   de f ined   images  c o r r e s p o n d i n g   to  t h e  

r a i s ed   p o r t i o n s   in  the  hea t ed   p r i n t i n g   m a t r i x .  

EXAMPLE  18 

Using  the  p r o c e d u r e   of  Example  1  above,   15  grams  of  a n  

a q u e o u s   d i s p e r s i o n   of  a  black  sub l imable   dye  (Foron  Black  SK)  was  

t h o r o u g h l y   mixed  with  85  grams  of  wate r .   The  r e s u l t i n g   i n k  

compos i t ion   was  then  coated   onto  a  0.0318  mm.  l igh t ly   t r e a t e d  

p o l y e t h y l e n e   film  (Philjo  #606).  The  ink  poor ly   coated  the  c a r r i e r  

film.  The  dr ied   ink  compos i t ion   c o n t a i n e d   100  p e r c e n t   s u b l i m a b l e  

dye .   The  c a r r i e r   s u p p o r t e d   ink  was  used   to  p r in t   p o l y e s t e r   f a b r i c  

labels   (Markem  #570)  with  a  Markem  Model  355  fabr ic   label  p r i n t e r .  
The  p r i n t e d   images  p r o d u c e d   were  ve ry   p o o r .  



EXAMPLE  19 

Using  the  p r o c e d u r e   of  Example  1  above ,   140  grams  of  a n  

a q u e o u s   d i s p e r s i o n   of  a  black  sub l imab le   dye  (Foron   Black  SK),   30 

grams  of  a  c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   ( Jonwax   22)  a n d  

100  grams  of  water   were  t h o r o u g h l y   mixed.   The  r e s u l t i n g   ink  w a s  

then   coa ted   onto  l igh t ly   t r e a t e d   p o l y e t h y l e n e   (Philjo  #606)  at  a  r a t e  

of  50.8  cm/ sec .   Excess   ink  was  m e t e r e d   off  with  a  #10  Meyer   b a r .  

The  coa ted   film  was  dr ied   in  a  hot  air  oven  at  60°C  (1400F) .   T h e  

d r ied   ink  composi t ion   compr i sed   about   87  p e r c e n t   by  weight   o f  

sub l imab le   dye,   about   2  p e r c e n t   by  weight   of  r e s i n ,   and  about   11 

p e r c e n t   by  weight   of  wax.  The  c a r r i e r   s u p p o r t e d   ink  was  used   t o  

p r i n t   a  p o l y e s t e r   fabr ic   label  tape  (Markem  #570)  with  a  M a r k e m  

Model  355  fabr ic   label  p r i n t e r .   The  p r i n t e d   images  were  g ray   i n  

color  i n d i c a t i n g   less  than  100  p e r c e n t   t r a n s f e r .   The  p r i n t e d   l a b e l s  

were  then   hea ted   to  sublime  the  dye  into  the  fabr ic   and  w a s h e d  

u s i n g   the  modified  AATCC  wash  tes t   d e s c r i b e d   above .   T h e  

w a s h e d   labels  e x h i b i t e d   good  w a s h f a s t n e s s .   More  wax  shou ld   b e  

a d d e d   to  the  ink  composi t ion   in  o r d e r   to  ob ta in   good  dense   b l a c k  

p r i n t   and  total  t r a n s f e r .  

EXAMPLE  20 

Using   the  p r o c e d u r e   of  Example  1  above ,   an  ink  c o m p o s i t i o n  

was  p r e p a r e d   by  t h o r o u g h l y   mixing  an  a q u e o u s   d i s p e r s i o n   of  a  

b lack  subl imable   dye  (Foron   Black  SK)  and  an  acry l ic   t e r p o l y m e r  

emuls ion   (UCAR  503).  The  r e s u l t i n g   ink  was  coa ted   on  a  t r e a t e d  

p o l y e t h y l e n e   film  (Philjo  #606).  Excess   ink  was  r emoved   u s i n g   #8 

and  #10  Meyer  b a r s .   The  d r ied   ink  compos i t ion   c o m p r i s e d   15 

p e r c e n t   by  weight   of  subl imable   dye  and  85  p e r c e n t   by  weight   o f  

r e s i n .   The  c a r r i e r   s u p p o r t e d   ink  was  employed   in  a  Markem  Model  

355  fabr ic   label  p r i n t e r   u s ing   a  p r i n t i n g   mat r ix   h e a t e d   up  to  121°C 

(2500F)  to  p r in t   on  a  p o l y e s t e r   f abr ic   label  tape  (Markem  # 5 7 0 ) .  

All  of  the  p r in t s   p r o d u c e d   were  s t i cky   and  b l o t c h y .  



EXAMPLE  21 

Using  the  p r o c e d u r e   of  Example  1  above ,   42.5  grams  of  a  

c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   ( Jonwax   22),  42.5  grams  o f  

an  acryl ic   t e r p o l y m e r   emulsion  (UCAR  503),  and  1.5  grams  of  a n  

a q u e o u s   d i s p e r s i o n   of  a  black  subl imable   dye  (Foron  black  SK)  

were  t h o r o u g h l y   mixed.   The  r e s u l t i n g   ink  composi t ion   was  t h e n  

coated   onto  a  0.0318  mm.  p o l y e t h y l e n e   film  (Philjo  #606).  T h e  

excess   ink  was  me te red   off  with  a  #16  Meyer  bar .   The  dr ied   i n k  

compos i t ion   c o m p r i s e d   about   2  p e r c e n t   by  weight   of  s u b l i m a b l e  

dye,   about   67  p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,   and  a b o u t  

31  p e r c e n t   by  weight   of  wax.  The  c a r r i e r   s u p p o r t e d   ink  w a s  

employed   in  a  Markem  Model  355  fabr ic   label  p r i n t e r   in  which  t h e  

p r i n t i n g   matr ix   was  h e a t e d   to  116°C  (240°F)  to  p r i n t   on  a  

p o l y e s t e r   fabr ic   label  tape  (Markem  #570).  A l t h o u g h   g ray   i n  

color,   the  p r i n t s   were  c o n s i d e r e d   good.  The  p r i n t e d   labels   w e r e  

then   h e a t e d   to  subl ime  the  dye  into  the  fabr ic   and  washed   u s i n g  

the  modified  AATCC  wash  tes t   d e s c r i b e d   above .   The  w a s h e d  

labels   e x h i b i t e d   good  w a s h f a s t n e s s .  

EXAMPLE  22 

Using  the  p r o c e d u r e   of  Example  1  above ,   57  grams  of  a  

c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   ( Jonwax   22),  40  grams  of  a n  

acryl ic   t e r p o l y m e r   emuls ion  (UCAR  503),  and  3  grams  of  a n  

a q u e o u s   d i s p e r s i o n   of  a  b lack  subl imable   dye  (Foron   Black  S K )  

were  t h o r o u g h l y   mixed.   The  r e s u l t i n g   ink  compos i t ion   was  t h e n  

coated  onto  a  0.0318  mm.  p o l y e t h y l e n e   film  (Philjo  #606).  E x c e s s  

ink  was  me te red   off  with  a  #10  Meyer  bar .   The  d r i ed   i n k  

compos i t ion   c o m p r i s e d   about   3.5  p e r c e n t   by  weight   of  s u b l i m a b l e  

dye,   about   59  p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,   and  a b o u t  

37.5  p e r c e n t   by  weight   of  wax.  Using  a  Markem  Model  355  f a b r i c  

label  p r i n t e r ,   the  c a r r i e r   s u p p o r t e d   ink  p r o d u c e d   good  g ray   p r i n t s  

on  a  p o l y e s t e r   fabr ic   label  tape  (Markem  #570).  Af ter   the  p r i n t e d  

labels   were  h e a t e d   to  cause   the  dye  to  sublime  into  the  f a b r i c ,   t h e  

f i n i shed   labels  w e r e   washed   u s i n g   the  modified  AATCC  wash  t e s t  

d e s c r i b e d   a b o v e .   The  washed   labels   e x h i b i t e d   good  w a s h f a s t n e s s .  



EXAMPLE  23 

Using  the  p r o c e d u r e   of  Example  1  above ,   an  ink  c o m p o s i t i o n  

was  p r e p a r e d   by  t h o r o u g h l y   mixing  53.2  grams  of  a  c a r n a u b a   w a x  

and  po lymer   d i s p e r s i o n   ( Jonwax   22),  37.4  grams  of  an  a c r y l i c  

t e r p o l y m e r   emulsion  (UCAR  503),  and  9.3  grams  of  an  a q u e o u s  

d i s p e r s i o n   of  a  b lack  sub l imable   dye  (Foron  Black  SK).  A  0 . 0 3 1 8  

mm.  p o l y e t h y l e n e   film  (Philjo  #606)  was  then  coated   with  t h e  

r e s u l t i n g   ink  compos i t ion .   The  dr ied   ink  composi t ion   c o m p r i s e d  

about   10  p e r c e n t   by  weight   of  sub l imable   dye,  about   55  p e r c e n t   b y  

weight   of  res in   c o m p o n e n t s ,   and  about   35  p e r c e n t   by  weight   o f  

wax.  The  c a r r i e r   s u p p o r t e d   ink  was  employed   in  a  Markem  Model  

355  fabr ic   label  p r i n t e r   to  p r in t   onto  a  p o l y e s t e r   fabr ic   label  t a p e  

(Markem  #570).  The  p r i n t s   were  g r a y i s h   in  color.   The  p r i n t e d  

fabr ic   labels  were  hea ted   to  sublime  the  dye  into  the  f abr ic   a n d  

then   washed   u s ing   the  modified  AATCC  wash  tes t   d e s c r i b e d   a b o v e .  

The  washed   labels  e x h i b i t e d   good  w a s h f a s t n e s s .  

EXAMPLE  24 

Using  the  p r o c e d u r e   of  Example  1  above ,   22  grams  of  a  

c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   ( Jonwax   22),  9  grams  of  a n  

acry l ic   t e r p o l y m e r   emulsion  (UCAR  503),  13.5  grams  of  an  a q u e o u s  

d i s p e r s i o n   of  a  black  sub l imable   dye  (Amacron   Black,   A m e r i c a n  

C o l o r  &   Chemica l s ) ,   and  55.5  grams  of  water   were  t h o r o u g h l y  

mixed  to  p r e p a r e   an  ink  composi t ion   which  was  then   coa ted   onto  a  

0.0318  mm.  h igh  d e n s i t y   p o l y e t h y l e n e   film  (Philjo  #606).  E x c e s s  

ink  was  me te red   off  of  coated   films  us ing   #10,  #12,  #14  and  #16 

Meyer  b a r s .   The  coated  films  were  then  d r ied   in  a  hot  air  t u n n e l .  

The  d r ied   ink  composi t ion   compr i s ed   about   35  p e r c e n t   by  weight   o f  

sub l imable   dye,   about   32  p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,  

and  about   33  p e r c e n t   by  weight   of  wax.  C a r r i e r   s u p p o r t e d   i n k s  

p r e p a r e d   u s ing   the  #10  and  #12  Meyer  bars   did  not  p r o d u c e   g o o d  

p r i n t s .   Those  p r e p a r e d   us ing   the  #14  and  #16  Meyer  bars   did  n o t  

dry   well  even  when  the  t unne l   t e m p e r a t u r e   was  r a i s ed   to  121°C 

( 2 5 0 ° F ) .  



EXAMPLE  25 

Using  the  p r o c e d u r e   of  Example  1  above ,   an  ink  c o m p o s i t i o n  

was  p r e p a r e d   by  t h o r o u g h l y   mixing  42.5  grams  of  a  c a r n a u b a   w a x  

and  po lymer   emulsion  ( Jonwax   22),  42.5  grams  of  an  a c r y l i c  

t e r p o l y m e r   emulsion  (UCAR  503),  and  15  grams  of  an  a q u e o u s  

d i s p e r s i o n   of  a  black  sub l imable   dye  (Foron  Black  SK).  The  i n k  

compos i t ion   was  then  coa ted   onto  a  0.0318  mm.  high  d e n s i t y  

p o l y e t h y l e n e   film  (Philjo  #606).   The  dr ied   ink  c o m p o s i t i o n  

c o m p r i s e d   about   16  p e r c e n t   by  weight   of  subl imable   dye,   about   58 

p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,   and  about  26  p e r c e n t   b y  

weight   of  wax.  The  c a r r i e r   s u p p o r t e d   ink  was  then  used   in  a  

Markem  Model  355  fabr ic   label  p r i n t e r   to  p r in t   images  on  a  

p o l y e s t e r   fabr ic   label  tape  (Markem  #570).  Good  p r i n t s   w e r e  

p r o d u c e d .  

EXAMPLE  26 

Using  the  p r o c e d u r e   of  Example  1  above ,   an  ink  c o m p o s i t i o n  

was  p r e p a r e d   by  t h o r o u g h l y   mixing  22  grams  of  a  c a r n a u b a   w a x  

and  po lymer   d i s p e r s i o n   ( Jonwax   22),  9  grams  of  an  a c r y l i c  

t e r p o l y m e r   emuls ion  (UCAR  503),  73  grams  of  an  a q u e o u s  

d i s p e r s i o n   of  a  black  sub l imable   dye  (Foron  Black  SK),  and  40 

grams  of  wate r .   The  r e s u l t i n g   ink  composi t ion   was  then  c o a t e d  

onto  a  0.0318  mm.  high  d e n s i t y   p o l y e t h y l e n e   film  (Philjo  # 6 0 6 ) .  

The  dr ied   ink  compos i t ion   compr i s ed   about   74  p e r c e n t   by  weight   o f  

sub l imab le   dye,   about   13  p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,  

and  about   13  p e r c e n t   by  weight   of  wax.  Using  a  Markem  Model  

355  fabr ic   label  p r i n t e r ,   a  p o l y e s t e r   fabr ic   label  tape  ( M a r k e m  

#570)  was  p r i n t e d   with  the  c a r r i e r   s u p p o r t e d   ink  p r e p a r e d .   Good  

p r i n t s   were  p r o d u c e d .  

EXAMPLE  27 

Using  the  p r o c e d u r e   of  Example  1  above,   an  ink  c o m p o s i t i o n  

was  p r e p a r e d   by  t h o r o u g h l y   mixing  22  grams  of  a  c a r n a u b a   w a x  
and  po lymer   d i s p e r s i o n   ( Jonwax   22),  9  grams  of  an  a c r y l i c  

t e r p o l y m e r   emulsion  (UCAR  503),  219.6  grams  of  an  a q u e o u s  

d i s p e r s i o n   of  a  black  sub l imable   dye  (Foron  Black  SK),  and  50 



grams  of  wa te r .   The  r e s u l t i n g   ink  was  then  coa ted   onto  a  

0.0318  mm.  h igh  d e n s i t y   p o l y e t h y l e n e   film  (Philjo  #606).  T h e  

d r ied   ink  compos i t ion   compr i sed   about   90  p e r c e n t   by  weight   o f  

sub l imab le   dye,   about   5  p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,  

and  about   5  p e r c e n t   by  weight   of  wax.  A  p o l y e s t e r   fabr ic   l a b e l  

tape  (Markem  #570)  was  then  p r i n t e d   with  the  c a r r i e r   s u p p o r t e d  

ink  u s i n g   a  Markem  Model  355  fabr ic   label  p r i n t e r .   The  p r i n t s  

p r o d u c e d   on  the  fabr ic   were  poor  due  to  the  small  amount   of  w a x  

p r e s e n t   in  the  ink  r e l a t i ve   to  the  la rge   amount   of  sub l imable   d y e .  

EXAMPLE  28 

An  ink  compos i t ion   was  p r e p a r e d ,   u s ing   the  p r o c e d u r e   o f  

Example   1  above ,   by  t h o r o u g h l y   mixing  7.5  grams  of  a  

p o l y e t h y l e n e   wax  (Lanco  Wax  PP-1362-0 ,   C a p r i c o r n   C h e m i c a l s  

C o r p . ) ,   9  grams  of  an  acryl ic   t e r p o l y m e r   emuls ion  (UCAR  503)  a n d  

13.5  grams  of  an  aqueous   d i s p e r s i o n   of  a  b lack  sub l imab le   d y e  

(Foron   Black  SK).   A  good  d i s p e r s i o n   was  p r o d u c e d .   T h e  

r e s u l t i n g   ink  compos i t ion   was  then  coated   onto  a  0.0318  mm.  h i g h  

d e n s i t y   p o l y e t h y l e n e   film  (Philjo  #606).  The  dr ied   ink  c o m p o s i t i o n  

c o m p r i s e d   about   35  p e r c e n t   by  weight   of  sub l imable   dye,   about   27 

p e r c e n t   by  weight   of  r es in   c o m p o n e n t s ,   and  about   38  p e r c e n t   b y  

weight   of  wax.  The  c a r r i e r   s u p p o r t e d   ink  was  then  used   in  a  

Markem  Model  355  fabr ic   label  p r i n t e r   to  p r i n t   images  on  a  

p o l y e s t e r   fabr ic   label  tape  (Markem  #570).  The  p r i n t s   p r o d u c e d  

were  good.  The  p r i n t e d   fabr ic   labels   were  hea t ed   to  subl ime  t h e  

dye  into  the  f abr ic   and  then  washed   u s ing   the  modif ied  A A T C C  

was  tes t   d e s c r i b e d   above .   The  washed   labels   e x h i b i t e d   g o o d  

w a s h f a s t n e s s .  

EXAMPLE  29 

Using  the  p r o c e d u r e   of  Example  28  above ,   an  ink  c o m p o s i t i o n  

was  p r e p a r e d   in  which  the  formula  used   was  the  same  e x c e p t   f o r  

the  use  of  31.25  grams  of  a  p o l y e t h y l e n e   wax  d i s p e r s i o n   ( W a x p l a t e  

139,  24%  TS,  S .C .   J o h n s o n )   to  s u p p l y   the  wax  c o m p o n e n t .   T h e  

dr ied   ink  compos i t ion   on  the  0.0318  mm.  high  d e n s i t y   p o l y e t h y l e n e  

film  (Philjo  #606)  c o m p r i s e d   about   35  p e r c e n t   by  weight   o f  



sub l imable   dye,   about   27  p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,  

and  about   38  p e r c e n t   by  weight  of  wax.  The  c a r r i e r   s u p p o r t e d  

ink  p r o d u c e d   good  p r i n t s   on  a  p o l y e s t e r   fabr ic   label  tape  ( M a r k e m  

#570)  us ing   a  Markem  Model  355  f abr ic   label  p r i n t e r .   The  p r i n t e d  

fabr ic   labels  were  hea ted   to  subl ime  the  dye  into  the  fabr ic   a n d  

then  washed  as  above .   The  washed   labels   e x h i b i t e d   g o o d  

w a s h f a s t n e s s .  

EXAMPLE  30 

Using  the  p r o c e d u r e   of  Example  28  above ,   an  ink  c o m p o s i t i o n  

was  p r e p a r e d   hav ing   the  same  formula   excep t   for  the  use  of  7 . 5  

grams  of  p o w d e r e d   c a r n a u b a   wax  #80  as  the  wax  c o m p o n e n t .   T h e  

d i s p e r s i o n   of  c a r n a u b a   was  poor .   The  d r ied   ink  compos i t ion   o n  

the  0.0318  mm.  high  d e n s i t y   p o l y e t h y l e n e   film  (Philjo  #606)  

compr i s ed   about   35  p e r c e n t   by  weight   of  sub l imab le   dye,   about   27 

p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,   and  about   38  p e r c e n t   b y  

weight   of  wax.  Using  a  Markem  Model  355  fabr ic   label  p r i n t e r   w i t h  

the  c a r r i e r   s u p p o r t e d   ink  p r e p a r e d   above  p r o d u c e d   good  p r i n t s   o n  

a  p o l y e s t e r   fabr ic   label  tape  (Markem  #570).   The  p r i n t e d   f a b r i c  

labels   were  h e a t e d   to  sublime  the  dye  into  the  f abr ic   and  t h e n  

washed   as  above .   The  washed  labels   e x h i b i t e d   good  w a s h f a s t n e s s .  

EXAMPLES  31 -35  

A  ser ies   of  ink  compos i t ions   c o n t a i n i n g   sub l imab le   dyes   o f  

d i f f e r e n t   colors  were  p r e p a r e d   for  use  in  the  p r e p a r a t i o n   o f  

c a r r i e r   s u p p o r t e d   inks  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .   T h e  

ink  composi t ions   were  p r e p a r e d   by  t h o r o u g h l y   mixing  100  g rams  o f  

wate r ,   40  grams  of  an  acryl ic   t e r p o l y m e r   emuls ion  (UCAR  503),  100 

grams  of  a  c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   ( Jonwax   22),  a n d  

about   80  grams  of  an  a q u e o u s   d i s p e r s i o n   (50%  TS)  of  one  of  f i v e  

d i f f e r e n t   colored  sub l imable   dyes ,   Foron  Brown  S-3R,   F o r o n  

Scar le t   S-BWFL,  Foron  Rub ine   RD-2BLA,   Foron  Blue  RD-GLA  o r  

Foron  Yellow  Brown  S-2RFL,   all  from  Sandoz  Colors  &  C h e m i c a l s .  

All  of  the  five  ink  compos i t ions   were  then  coa ted   on  0.0318  mm. 

high  d e n s i t y   p o l y e t h y l e n e   films  (Philjo  #606).  The  d r ied   i n k  

compos i t ions   compr i sed   about   41  p e r c e n t   by  weight   of  t h e  



sub l imab le   dye,   about   29  p e r c e n t   by  weight   of  the  r e s i n  

c o m p o n e n t s ,   and  about   30  p e r c e n t   by  weight   of  the  wax.  When  

used   in  a  Markem  Model  355  fabr ic   label  p r i n t e r ,   each  of  t h e  

c a r r i e r   s u p p o r t e d   inks  were  found  to  p r o d u c e   good  p r i n t s   on  a  

p o l y e s t e r   fabr ic   label  tape  (Markem  #570).  The  p r i n t e d   f a b r i c  

labels   were  hea ted   to  sublime  the  dye  into  the  fabr ic   and  t h e n  

w a s h e d   as  a b o v e .  T h e   washed   labels   e x h i b i t e d   good  w a s h f a s t n e s s .  

EXAMPLE  36 

Using   the  p r o c e d u r e   of  Examples   31-35  above ,   a  d i f f e r e n t  

co lored   ink  composi t ion   was  p r e p a r e d   by  t h o r o u g h l y   mixing  t h e  

same  amounts   of  water ,   t e r p o l y m e r   emuls ion ,   and  wax  d i s p e r s i o n  

with  68.5  grams  of  an  aqueous   d i s p e r s i o n   (50%  TS)  of  Foron  Yel low 

RD-4GLS  ( S a n d o z ) .   The  r e s u l t i n g   ink  compos i t ion   was  t hen   c o a t e d  

on  a  0.0318  mm.  high  d e n s i t y   p o l y e t h y l e n e   film  (Philjo  #606).  T h e  

d r i ed   ink  composi t ion  compr i sed   about   37.5  p e r c e n t   by  weight   o f  

sub l imab le   dye,   about   30.5  p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,  

and  about   32  p e r c e n t   by  weight   of  wax.  The  c a r r i e r   s u p p o r t e d  

ink  p r o d u c e d   good  p r i n t s   on  a  p o l y e s t e r   fabr ic   label  tape  ( M a r k e m  

#570)  us ing   a  Markem  Model  355  f abr ic   label  p r i n t e r .   The  p r i n t e d  

fabr ic   labels  were  hea ted   to  s u b l i m e   the  dye  into  the  fabr ic   a n d  

then   washed   as  above.   The  w a s h e d   labels   e x h i b i t e d   g o o d  

w a s h f a s t n e s s .  

EXAMPLE  37 

A  ser ies   of  c a r r i e r   s u p p o r t e d   inks  were  p r e p a r e d   to  a s c e r t a i n  

the  s u i t a b i l i t y   of  the  s t a n d a r d   sub l ima t ion   t r a n s f e r   p a p e r   and  i n k  

for  use  in  the  p r ac t i c e   of  the  p r e s e n t   i n v e n t i o n .  

The  ink  composi t ion   p r e p a r e d   in  Example  8  above  was  c o a t e d  

onto  a  shee t   of  s t a n d a r d   t r a n s f e r   p a p e r   (Amer ican   Hoechs t )   a n d  

onto  a  shee t   of  u n t r e a t e d   high  d e n s i t y   p o l y e t h y l e n e   film  (Ph i l j o  

#606)  su i t ab le   for  use  as  a  c a r r i e r   in  the  p r e s e n t   c a r r i e r  

s u p p o r t e d   inks .   A  s t a n d a r d   t r a n s f e r   p r i n t i n g   ink  ( A m e r i c a n  

Hoechs t )   was  also  coated  onto  a  shee t   of  the  same  u n t r e a t e d   h i g h  

d e n s i t y   p o l y e t h y l e n e .   In  all  cases ,   the  excess   ink  was  m e t e r e d   o f f  

of  the  c a r r i e r s   with  a  #8  Meyer  b a r .  



A  p o l y e s t e r   fabr ic   label  tape  (Markem  #570)  was  then   p r i n t e d  

u s i n g   the  t h r ee   c a r r i e r   s u p p o r t e d   inks  in  a  Markem  Model  455 

fabr ic   label  p r i n t e r   at  s t a n d a r d   p r i n t i n g   matr ix   t e m p e r a t u r e   o f  

124°C  (255°F)  and  p r e s s u r e   of  10 .55 -14 .06   k g / c m 2 ,   a  cycle  time  o f  

0.4  second   and  a  dwell  time  of  0.113  s econd .   The  ink  c o m p o s i t i o n  

from  Example  8  which  was  coated  on  the  s t a n d a r d   t r a n s f e r   p a p e r  
would  not  p r in t   on  the  fabr ic   label  t ape .   L ikewise ,   the  s t a n d a r d  

t r a n s f e r   p r i n t i n g   ink  coated   on  the  p o l y e t h y l e n e   c a r r i e r   would  n o t  

p r i n t   on  the  f ab r i c .   By  c o n t r a s t ,   100  p e r c e n t   of  the  i n k  

compos i t ion   from  Example  8  on  the  p o l y e t h y l e n e   c a r r i e r   t r a n s f e r r e d  

to  the  fabr ic   s u r f a c e .  

EXAMPLE  38 

A  ser ies   of  p r i n t s   were  on  s e v e r a l   p o l y e t h y l e n e   t e r e p h t h a l a t e  

film  s u b s t r a t e s   u s ing   a  c a r r i e r   s u p p o r t e d   ink  p r e p a r e d   a s  

d e s c r i b e d   in  Example  8  above  in  a  Markem  Model  455  fabr ic   l a b e l  

p r i n t e r   with  a  p r i n t i n g   mat r ix   t e m p e r a t u r e   of  120°C  (248°F) ,   a  

cycle  time  of  150  p r i n t s   per   minute ,   a  dwell  time  of  0.113  s e c o n d ,  

and  a  p r e s s u r e   of  10 .55 -14 .06   k g / c m .   The  p o l y e t h y l e n e  

t e r e p h t h a l a t e   films  employed  as  s u b s t r a t e s   were  Melinex  p o l y e s t e r  

film  (ICI) ,  Mylar  p o l y e s t e r   film  with  a d h e s i v e   b a c k i n g   ( D u P o n t ) ,  

and  a luminized  Mylar  p o l y e s t e r   film  with  a d h e s i v e   b a c k i n g  

( D u P o n t ) .   The  p r i n t e d   s u b s t r a t e s   were  then  h e a t e d   u s i n g   a  

h e a t e d   drum  such   as  that   shown  in  FIG.  1  to  subl ime  the  dye  i n t o  

the  s u b s t r a t e .   The  drum  and  belts   were  h e a t e d   to  a  t e m p e r a t u r e  

of  218°C  (425°F) .   The  belts   were  r o t a t e d   a r o u n d   the  drum  at  20 

RPM  r e s u l t i n g   in  a  dwell  time  of  about   2.5  s e c o n d s .  

The  p r i n t e d   s u b s t r a t e s   were  then   immersed   for  15  minu tes   i n  

each  of  the  fol lowing  s o l v e n t s :   e thyl   a lcohol ,   ace tone   followed  b y  

t o l u e n e ,   ethyl   a ce t a t e ,   Freon   TF,  and  5%  a q u e o u s   f e r r i c   c h l o r i d e  

so lu t ion .   Following  immersion  in  each  s o l v e n t ,   the  p r i n t s   w e r e  

r u b b e d   v i g o r o u s l y   with  a  cloth  soaked   in  the  so lven t   of  the  t e s t .  

Virgin   p r i n t s   were  s u b j e c t e d   to  v i g o r o u s   a b r a s i o n   b y  r u b b i n g   t h e m  

40  times  with  a  t y p i n g   e r a s e r   ( E b e r h a r d   Fabe r   #310  U n i o n ) .  

T h e r e   was  no  d e g r a d a t i o n   of  any  of  the  p r i n t s   t e s t e d .  



EXAMPLE  39 

An  ink  compos i t ion   was  p r e p a r e d   u s i n g   a  so lven t   s o l u b l e  

sub l imab le   dye.  Using  an  air  d r iven   p r o p e l l e r - t y p e   mixer ,   10 

grams  of  a  yellow  (C . I .   #SOY  30)  sub l imable   dye  ( N i t r o f a s t   Yel low 

B,  Sandoz)   were  t h o r o u g h l y   mixed  with  20  grams  of  wa te r .   T h i s  

m i x t u r e   was  then  added   to  a  mixer  c o n t a i n i n g   50  grams  of  w a t e r  

and  20  grams  of  an  acryl ic   t e r p o l y m e r   emulsion  (UCAR  503)  a n d  

then   t h o r o u g h l y   mixed.   Af ter   a d j u s t i n g   the  pH  to  8 . 5 - 9 . 5 ,   50 

grams  of  a  c a r n a u b a   wax  and  po lymer   d i s p e r s i o n   ( Jonwax   22)  w e r e  

a d d e d   and  mixed.   The  ink  composi t ion   was  then  coa ted   onto  a  

0.0305  mm.  u n t r e a t e d   p o l y e t h y l e n e   c a r r i e r   film  (Philjo  # 6 8 5 ) .  

Excess   ink  was  me te r ed   off  with  a  #10  Meyer  bar .   The  d r ied   i n k  

compos i t ion   compr i sed   about   26  p e r c e n t   by  weight   of  s u b l i m a b l e  

dye ,   about   36.5  p e r c e n t   by  weight   of  res in   c o m p o n e n t s ,   and  a b o u t  

37.5  p e r c e n t   by  weight   of  wax.  The  c a r r i e r   s u p p o r t e d   ink  w a s  

then   used   in  a  Markem  Model  355  fabr ic   label  p r i n t e r   to  p r i n t   on  a  

p o l y e s t e r   fabr ic   label  tape  (Markem  #570).  The  p r i n t e d   l a b e l s  

were  t hen   h e a t e d   to  subl ime  the  dye  into  the  fabr ic   us ing   a  

commerc ia l   heat   seal  unit  (Pace  Se t t e r   500,  Speedy   Die,  I n c . )   w i t h  

the  top  p la ten   at  204°C  (400°F)  and  the  bottom  p la ten   at  191°C 

(375°F)   for  a  pe r iod   of  1.0  to  2.5  s e c o n d s .   Some  of  the  f i n i s h e d  

labels   were  then  washed   u s i n g   the  modified  AATCC  wash  t e s t  

d e s c r i b e d   above.   O the r s   were  s u b j e c t e d   to  the  AATCC  wet  c r o c k  

tes t   d e s c r i b e d   above .   The  labels  were  found  to  exh ib i t   g o o d  

w a s h f a s t n e s s   and  good  wet  c r o c k i n g   p r o p e r t i e s .  

EXAMPLE  40 

Using  the  p r o c e d u r e   of  Example  39  above,   20  grams  of  a  v i n y l  

c h l o r i d e - v i n y l   ace ta te   copo lymer   (Geon  460X6,  52%  TS,  B.  F .  

Goodr i ch )   was  t h o r o u g h l y   mixed  with  50  grams  of  water   in  an  a i r  

d r i v e n   p r o p e l l e r - t y p e   mixer .   The  pH  of  the  m ix tu re   was  t h e n  

a d j u s t e d   to  8 . 5 - 9 . 5 .   Then ,   50  grams  of  a  c a r n a u b a   wax  a n d  

po lymer   d i s p e r s i o n   ( Jonwax   22)  and  20  grams  of  an  a q u e o u s  

d i s p e r s i o n   of  a  black  sub l imable   dye  (Foron  Black  SK)  were  a d d e d  

and  t h o r o u g h l y   mixed  with  the  o ther   i n g r e d i e n t s .   The  r e s u l t i n g  

ink  compos i t ion   was  then  coated   onto  a  0.0305  mm.  u n t r e a t e d  



p o l y e t h y l e n e   c a r r i e r   film  (Philjo  #685).  Excess   ink  was  m e t e r e d   o f f  

with  a  #10  Meyer  bar .   The  dr ied   ink  compos i t ion   c o m p r i s e d   a b o u t  

27  p e r c e n t   by  weight   of  sub l imable   dye,   about   34  p e r c e n t   b y  

weight   of  res in   c o m p o n e n t s ,   and  about   39  p e r c e n t   by  weight   o f  

wax.  Using  a  Markem  Model  355  fabr ic   label  p r i n t e r ,   a  p o l y e s t e r  

fabr ic   label  tape  (Markem  #570)  was  p r i n t e d   with  the  c a r r i e r  

s u p p o r t e d   ink  p r e p a r e d   above .   The  p r i n t e d   labels  were  t h e n  

hea t ed   with  a  commercial   heat  seal  unit   (Pace  Se t t e r   500)  for  2 . 0  

to  2.5  s econds   to  sublime  the  dye  into  the  f ab r i c .   The  f i n i s h e d  

labels   e x h i b i t e d   good  w a s h f a s t n e s s   when  s u b j e c t e d   to  the  m o d i f i e d  

AATCC  wash  test   d e s c r i b e d   a b o v e .  

EXAMPLE  41 

Using  the  p r o c e d u r e   of  Example  39  above ,   100  grams  of  a  
ros in   e s t e r   ( S y n t h e - C o p a l   #1204,  H e r c u l e s ,   I nc . )   was  t h o r o u g h l y  

mixed  with  300  grams  of  t o luene .   To  52  grams  of  this  m i x t u r e  

were  added   40  grams  of  wate r ,   5  grams  of  p o l y e t h y l e n e   g l y c o l  

( C a r b o w a x   6000,  MW  570-630,  Union  Ca rb ide )   and  9  grams  of  a  

blue  sub l imable   dye  (Foron  Blue  RD-GLA,  Sandoz)   and  all  of  t h e  

i n g r e d i e n t s   were  t h o r o u g h l y   mixed.   The  ink  composi t ion   was  t h e n  

coa ted   onto  a  0.0305  mm.  u n t r e a t e d   p o l y e t h y l e n e   c a r r i e r   fi lm 

(Philjo  #685).  Excess   ink  was  m e t e r e d   off  of  the  film  with  a  #18 

Meyer  bar .   The  dr ied   ink  compos i t ion   compr i sed   about   33  p e r c e n t  

by  weight   of  sub l imable   dye,   about   48  p e r c e n t   by  weight   of  r e s i n ,  

and  about   19  p e r c e n t   by  weight   of  wax.  The  c a r r i e r   s u p p o r t e d  

ink  p r o d u c e d   good  p r i n t s   on  a  p o l y e s t e r   fabr ic   label  tape  ( M a r k e m  

#570)  us ing   a  Markem  355  fabr ic   label  p r i n t e r .   The  p r i n t e d   l a b e l s  

were  hea t ed   in  a  heat   seal  unit  (Pace  Se t t e r   500)  for  10  s e c o n d s   t o  

subl ime  the  dye  into  the  fabr ic   and  then  washed   as  above .   T h e  

washed   labels   e x h i b i t e d   good  w a s h f a s t n e s s .  

EXAMPLE  42 

Using  the  p r o c e d u r e   of  Example  39  a b o v e ,   40  grams  o f  

me thano l ,   52  grams  of  a  pheno l ic   res in   (BKS-2600 ,   52-56%  T S ,  

Union  Ca rb ide )   and  5  grams  of  a  p o l y e t h y l e n e   wax  ( S h a m r o c k  

Chemical)   were  t h o r o u g h l y   mixed  in  an  a i r - d r i v e n ,   p r o p e l l e r - t y p e  



mixer .   This  mix tu re   was  then   added   with  9  grams  of  r e d  

sub l imab le   dye  (Foron  Red  GLA,  Sandoz)   to  the  s t a i n l e s s   s t e e l  

c y l i n d e r s   of  a  shot  mill  c o n t a i n i n g   ceramic  g r i n d i n g   media  and  a l l  

of  the  i n g r e d i e n t s   were  t h o r o u g h l y   mixed  by  p lac ing   the  c y l i n d e r s  

in  a  Red  Devil  Paint  Mixer .   The  ink  composi t ion  was  then  c o a t e d  

onto  a  0.0305  mm.  u n t r e a t e d   p o l y e t h y l e n e   film  (Philjo  # 6 8 5 ) .  

Excess   ink  was  me te red   off  with  a  #18  Meyer  bar .   The  d r i ed   i n k  

compos i t ion   compr i sed   about   21  p e r c e n t   by  weight  of  s u b l i m a b l e  

dye ,   about   67  p e r c e n t   by  weight   of  r es in ,   and  about   12  p e r c e n t  

by  weight   of  wax.  The  c a r r i e r   s u p p o r t e d   ink  p r o d u c e d   g o o d  

p r i n t s   on  a  p o l y e s t e r   f abr ic   label  tape  (Markem  #570)  u s i n g   a  

Markem  Model  355  fabr ic   label  p r i n t e r .   The  p r i n t e d   labels   w e r e  

h e a t e d   in  a  heat   seal  unit   (Pace  Se t t e r   500)  for  10  s e c o n d s   t o  

subl ime  the  dye  into  the  fabr ic   and  then  washed  as  above .   T h e  

w a s h e d   labels   e x h i b i t e d   good  w a s h f a s t n e s s .  

EXAMPLE  43 

Using  the  p r o c e d u r e   of  Example   39  above,   100  grams  of  w a t e r  

was  t h o r o u g h l y   mixed  with  35  grams  of  a  p o l y u r e t h a n e   e m u l s i o n  

r e s in   (Solucote   49-116AX,  35%  TS,  Soluol  Chemical ) .   F o l l o w i n g  

a d j u s t m e n t   of  the  pH  to  8-9,  100  grams  of  a  c a r n a u b a   wax  a n d  

po lymer   d i s p e r s i o n   ( Jonwax   22),  35  grams  of  a  black  s u b l i m a b l e  

dye  (Foron   Black  SK),  and  2.7  grams  of  a  s u r f a c t a n t   ( T r o y k y d  

Anti  C r a t e r ,   Troy  Chemical  Co.)   were  added   to  the  mix tu re   w h i c h  

was  t hen   t h o r o u g h l y   mixed.   The  ink  composi t ion   was  then   c o a t e d  

onto  a  0.0305  mm.  u n t r e a t e d   p o l y e t h y l e n e   film  (Philjo  # 6 8 5 ) .  

Excess   ink  was  me te red   off  with  a  #10  Meyer  bar .   The  d r i ed   i n k  

compos i t ion   compr i sed   about   26  p e r c e n t   by  weight   of  s u b l i m a b l e  

dye ,   about   26  p e r c e n t   by  weight   of  the  res in   c o m p o n e n t s ,   about   44 

p e r c e n t   by  weight   of  wax,  and  about   4  p e r c e n t   by  weight   o f  

a n t i c r a t e r .   The  c a r r i e r   s u p p o r t e d   ink  p r o d u c e d   good  p r i n t s   on  a  

p o l y e s t e r   fabr ic   label  tape  (Markem  #570)  us ing   a  Markem  Mode l  

355  fabr ic   label  p r i n t e r .   The  p r i n t e d   labels  were  hea ted   in  a  h e a t  

s e a l   uni t   (Pace  Se t t e r   500)  for  10  s econds   to  sublime  the  dye  i n t o  

the  f a b r i c .  



EXAMPLE  44 

The  black  c a r r i e r   s u p p o r t e d   ink  p r e p a r e d   with  t h e  

p o l y e t h y l e n e   c a r r i e r   film  in  Example  9  above  was  used   in  a  M a r k e m  

Model  355  fabr ic   label  p r i n t e r   to  p r i n t   on  a  p o l y e s t e r   fabr ic   l a b e l  

tape  (Markem  #570).  The  p r i n t e d   fabr ic   tape  was  then  p a s s e d   i n  

f ront   of  and  e x p o s e d   to  a  xenon  f lash  lamp  (EG&G  # F X Q - 2 7 7 - 4 )  

u s i n g   an  a p p a r a t u s   s imi la r   to  that   shown  in  FIG.  3.  The  f l a s h  

lamp  was  o p e r a t e d   at  a  s u p p l y   po t en t i a l   of  1.5  Ki lovol ts ,   p r o v i d e d  

by  a  300  m ic ro fa r ad   capac i to r   d i s c h a r g i n g   over   a  cycle  time  of  0 . 2 5  

s e c o n d .   The  total  e n e r g y   p r o d u c e d   by  the  lamp  was  42  joules  p e r  

cycle  and  the  e n e r g y   d e n s i t y   at  the  p r i n t   was  2.3  j o u l e s / c m 2 .  

The  xenon  flash  caused   the  dye  in  the  ink  to  sublime  into  t h e  

f a b r i c .   The  f in i shed   labels  were  then   washed   us ing   the  m o d i f i e d  

AATCC  wash  tes t   d e s c r i b e d   above .   The  labels   were  found  t o  

exh ib i t   good  w a s h f a s t n e s s .  

EXAMPLE  45 

Following  the  p r o c e d u r e   of  Example   44  above ,   a  p o l y e s t e r  

fabr ic   label  tape  (Markem  #570)  was  f i rs t   p r i n t e d   with  the  b l u e  

c a r r i e r   s u p p o r t e d   ink  p r e p a r e d   in  Example   14  u s i n g   a  M a r k e m  

Model  355  fabr ic   label  p r i n t e r   to  p r o v i d e   a  blue  b a c k g r o u n d .   T h e  

blue  b a c k g r o u n d   was  then  o v e r p r i n t e d   with  an  image  u s i n g   t h e  

black  c a r r i e r   s u p p o r t e d   ink  on  the  p o l y e t h y l e n e   c a r r i e r   p r e p a r e d  
in  Example  9  above .   The  p r i n t e d   fabr ic   tape  was  then  p a s s e d   i n  

f ront   of  and  e x p o s e d   to  a  xenon  f lash  lamp  (EG&G  #FXQ-277-4 )   f o r  

0.25  second   at  an  e n e r g y   d e n s i t y   of  2.3  jou les / cm2  c a u s i n g   t h e  

dye  in  the  ink  to  sublime  into  the  f ab r i c .   The  f i n i shed   l a b e l s  

were  then  s u b j e c t e d   to  the  modified  AATCC  wash  test   as  d e s c r i b e d  

above  and  were  found  to  exhib i t   good  w a s h f a s t n e s s .  

EXAMPLE  46 

Into  an  a i r - d r i v e n ,   p r o p e l l e r - t y p e   mixer  was  added   3000  ml .  

of  methanol   and  250  grams  of  e thyl   ce l lu lose   and  t h o r o u g h l y   m i x e d .  

This  mix tu re   was  then  added   to  a  ball  mill  with  175  grams  of  #120 

c a r n a u b a   wax  and  mixed  for  4  h o u r s .   Af te r   r e m o v i n g   the  m i x t u r e ,  

the  ball  mill  was  r i n sed   with  400  ml.  of  me thano l .   T h e n ,   300  ml .  



of  me thano l ,   50  ml.  of  the  m ix tu re   p r e p a r e d   above ,   and  30  g r a m s  

of  a  b lack   sub l imab le   dye  (Foron  Black  SK)  were  added   to  the  b a l l  

mill  and  mixed  for  3  h o u r s .   The  ink  composi t ion   was  then  c o a t e d  

onto  a  0.0318  mm.  t r e a t e d   p o l y e t h y l e n e   c a r r i e r   film  (Philjo  #606)  

and  the  exces s   was  me te r ed   off  u s ing   a  #10  Meyer  bar .   The  d r i e d  

ink  compos i t i on   c o m p r i s e d   about   91  p e r c e n t   by  weight   of  s u b l i m a b l e  

dye ,   abou t   5  p e r c e n t   by  weight   of  r e s in ,   and  about   4  p e r c e n t   b y  

weigh t   of  wax.  Using  a  Markem  Model  255  fabr ic   label  p r i n t e r ,   t h e  

c a r r i e r   s u p p o r t e d   ink  was  found  to  p r o d u c e   good  p r i n t s   on  a  

p o l y e s t e r   f ab r i c   label  tape  (Markem  # 5 7 0 ) .  



1.  A  p r o c e s s   for  fo rming   a  p e r m a n e n t ,   a b r a s i o n   and  c h e m i c a l  

r e s i s t a n t   image  on  a  fabr ic   or  p las t i c   s u b s t r a t e   c o m p r i s i n g :  

(a)  p r o v i d i n g   a  p r i n t i n g   mat r ix   h a v i n g   r a i sed   p o r t i o n s   i n  

the  shape   of  the  image  to  be  p r i n t e d   on  the  s u b s t r a t e ,  

(b)  p r o v i d i n g   a  c a r r i e r   s u p p o r t e d   ink  c o m p r i s i n g  

(1)  a  uni form  coa t ing   of  an  ink  c o m p o s i t i o n  

compr i s ing   a  sub l imab le   d y e ,  

(2)  a  c a r r i e r   shee t   for  s u p p o r t i n g   said  coa t ing   on  

one  su r f ace   t h e r e o f ,  

(c)  d i s p o s i n g   the  c a r r i e r   s u p p o r t e d   ink  ad j acen t   to  t h e  

p r i n t i n g   matr ix   such  that   the  u n c o a t e d   s u r f a c e   of  the  c a r r i e r  

shee t   faces  the  p r i n t i n g   m a t r i x ,  

(d)  p r o v i d i n g   a  fabr ic   or  p las t i c   film  s u b s t r a t e   h a v i n g   a  

s u r f a c e   into  which  said  sub l imab le   dye  can  d i f f u s e ,  

(e)  d i s p o s i n g   the  s u b s t r a t e   such  that   the  s u r f a c e   t h e r e o f  

faces  the  coated  s u r f a c e   of  the  c a r r i e r   s h e e t ,  

(f)  a p p l y i n g   p r e s s u r e   b e t w e e n   said  p r i n t i n g   ma t r ix   a n d  

said  s u b s t r a t e   to  cause   the  p r i n t i n g   mat r ix   to  con tac t   t h e  

u n c o a t e d   su r f ace   of  the  c a r r i e r   shee t   and  the  coated   s u r f a c e  

of  the  c a r r i e r   shee t   to  con tac t   the  s u b s t r a t e   s u r f a c e ,   s a i d  

p r e s s u r e   being  appl ied   u n d e r   cond i t i ons   su f f i c i en t   to  c a u s e  

the  ink  composi t ion   to  comple te ly   t r a n s f e r   from  the  c a r r i e r  

shee t   to  the  s u b s t r a t e   s u r f a c e   in  the  shape   of  the  i m a g e  

de f ined   by  the  r a i sed   p o r t i o n s   of  the  p r i n t i n g   ma t r i x ,   b u t  

i n s u f f i c i e n t   to  cause  the  dye  in  the  ink  compos i t ion   to  s u b l i m e  

or  v a p o r i z e ,   a n d  

(g)  h e a t i n g   the  ink  compos i t ion   which  has  b e e n  

t r a n s f e r r e d   to  the  s u b s t r a t e   s u r f a c e ,   said  h e a t i n g   o c c u r r i n g  

u n d e r   cond i t ions   s u f f i c i e n t   to  cause   the  dye  t h e r e i n   t o  

sublime  or  vapor i ze   and  then   d i f fuse   into  the  s u b s t r a t e  

s u r f a c e .  

2.  The  p r o c e s s   of  claim  1  whe re in   the  ink  composi t ion   c o m p r i s e s  

(i)  from  about   2  to  about   91  p e r c e n t   by  weight   of  a  



subl imable   d y e ,  

(ii)  from  about   2  to  about   67  p e r c e n t   by  weight   o f  

a  r e s in ,   a n d  

(iii)  from  about   4  to  about   45  p e r c e n t   by  weight   o f  

a  w a x ,  
where in   the  dye,   r es in   and  wax  and  the  amounts   t h e r e o f  

are  s e l ec ted   so  that   the  ink  compos i t ion   forms  a  d i s c o n t i n u o u s  

coa t ing   on  the  c a r r i e r   s u r f a c e   that   will  comple te ly   r e l e a s e  

from  the  c a r r i e r   in  the  shape   of  the  image  de f ined   by  t h e  

r a i s ed   p o r t i o n s   of  the  p r i n t i n g   m a t r i x .  

3.  The  p r o c e s s   for  fo rming   a  p e r m a n e n t ,   a b r a s i o n   and  c h e m i c a l  

r e s i s t a n t   image  on  a  f abr ic   or  p las t ic   s u b s t r a t e   a c c o r d i n g   t o  

claim  1  c o m p r i s i n g :  

(a)  p r o v i d i n g   a  p r i n t i n g   matr ix   h a v i n g   r a i sed   p o r t i o n s   i n  

the  shape   of  the  image  to  be  p r i n t e d   on  the  s u b s t r a t e ,  

(b)  h e a t i n g   said  p r i n t i n g   mat r ix   to  a  p r e d e t e r m i n e d  

t e m p e r a t u r e ,  

(c)  p r o v i d i n g   a  c a r r i e r   s u p p o r t e d   ink  c o m p r i s i n g  

(1)  a  un i form  coa t ing   of  an  ink  c o m p o s i t i o n  

c o m p r i s i n g   a  dye  which  is  sub l imable   u n d e r  

p r e d e t e r m i n e d   c o n d i t i o n s   of  t e m p e r a t u r e ,   p r e s s u r e   a n d  

time,  a n d  

(2)  a  c a r r i e r   shee t   for  s u p p o r t i n g   said  coa t ing   o n  

one  s u r f a c e   t h e r e o f ,   said  c a r r i e r   shee t   c o m p r i s i n g   a  

mater ia l   which  is  compat ib le   with  said  ink  c o m p o s i t i o n  

and  which  has  a  t h i c k n e s s   and  the rmal   c o n d u c t i v i t y  

which  pe rmi t s   the  c a r r i e r   shee t   to  conform  to  the  r a i s e d  

p o r t i o n s   on  the  p r i n t i n g   mat r ix   and  f u r t h e r   pe rmi t s   t h e  

heat   and  p r e s s u r e   app l ied   to  the  u n c o a t e d   side  of  t h e  

c a r r i e r   to  melt  or  sof ten   the  ink  compos i t ion   so  tha t   t h e  

coa t ing   will  comple te ly   r e lease   from  the  c a r r i e r   in  t h e  

shape   of  the  image  de f ined   by  the  r a i s ed   p o r t i o n s   of  t h e  

p r i n t i n g   m a t r i x ,  



(d)  d i spos ing   the  c a r r i e r   s u p p o r t e d   ink  ad j acen t   to  t h e  

hea t ed   p r i n t i n g   matr ix   such  that   the  uncoa t ed   s u r f a c e   of  t h e  

c a r r i e r   sheet   faces  the  p r i n t i n g   m a t r i x ,  

(e)  p r o v i d i n g   a  fabr ic   or  p las t ic   film  s u b s t r a t e   h a v i n g   a  

s u r f a c e   into  which  said  sub l imable   dye  can  d i f f u s e ,  

(f)  d i spos ing   the  s u b s t r a t e   such  that  said  s u r f a c e  

t h e r e o f   faces  the  coated  s u r f a c e   of  the  c a r r i e r   s h e e t ,  

(g)  app ly ing   p r e s s u r e   be tween   said  hea ted   p r i n t i n g  

mat r ix   and  said  s u b s t r a t e   to  cause   the  p r i n t i n g   ma t r ix   t o  

con tac t   the  uncoa t ed   s u r f a c e   of  the  c a r r i e r   shee t   and  t h e  

coa ted   su r f ace   of  the  c a r r i e r   shee t   to  con tac t   the  s u b s t r a t e  

s u r f a c e ,   said  p r e s s u r e   be ing   appl ied   in  an  amount  and  for  a  

time  s u f f i c i e n t ,   and  the  t e m p e r a t u r e   of  said  hea ted   p r i n t i n g  

mat r ix   being  s u f f i c i e n t ,   to  cause   the  ink  compos i t ion   t o  

comple te ly   t r a n s f e r   from  the  c a r r i e r   sheet   to  the  s u b s t r a t e  

s u r f a c e   in  the  shape   of  the  image  def ined  by  the  r a i s e d  

p o r t i o n s   of  the  p r i n t i n g   ma t r ix ,   but  the  combina t ion   of  s a i d  

p r e s s u r e ,   time  and  t e m p e r a t u r e   be ing   i n s u f f i c i e n t   to  cause   t h e  

dye  in  the  ink  composi t ion   to  subl ime  or  v a p o r i z e ,   a n d  

(h)  hea t i ng   the  ink  composi t ion   which  has  b e e n  

t r a n s f e r r e d   to  the  s u b s t r a t e   su r f ace   to  a  s u f f i c i e n t  

t e m p e r a t u r e   u n d e r   s u f f i c i e n t   p r e s s u r e   and  for  a  s u f f i c i e n t  

amount   of  time  to  cause   the  dye  t h e r e i n   to  subl ime  o r  

v a p o r i z e   and  then  d i f fuse   into  the  s u b s t r a t e   s u r f a c e .  

4.  The  p r o c e s s   of  claim  1  or  3  where in   the  ink  c o m p o s i t i o n  

c o m p r i s e s  

(i)  from  about   2  to  about   91  p e r c e n t   by  weight   of  a  

subl imable   d y e ,  

(ii)  from  about   2  to   about   67  p e r c e n t   by  weight   o f  

a  res in   which  b inds   the  ink  composi t ion   to  the  s u r f a c e   o f  

the  c a r r i e r   p r io r   to  app l i ca t i on   of  heat  and  p r e s s u r e  
be tween   the  p r i n t i n g   mat r ix   and  the  s u b s t r a t e ,   w h i c h  

pe rmi t s   complete  t r a n s f e r   of  the  ink  composi t ion   d u r i n g  

such   app l i ca t ion   of  heat   and  p r e s s u r e ,   w h i c h  

s u b s e q u e n t l y   b inds   the  ink  composi t ion   to  the  s u b s t r a t e ,  



but   which  does  not  h i n d e r   sub l ima t ion   or  v a p o r i z a t i o n   o f  

.the  dye  d u r i n g   app l i ca t i on   of  heat   and  p r e s s u r e   to  t h e  

ink  composi t ion  on  the  s u b s t r a t e ,   a n d  

(iii)  from  about   4  to  about   45  p e r c e n t   by  weight   o f  

a  w a x ,  

where in   the  dye,   r es in   and  wax  and  the  amounts   t h e r e o f  

are  se lec ted   so  that   the  ink  compos i t ion   forms  a  d i s c o n t i n u o u s  

coa t ing   on  the  c a r r i e r   s u r f a c e   that   will  comple te ly   r e l e a s e  

from  the  c a r r i e r   in  the  shape   of  the  image  de f ined   by  t h e  

r a i s ed   po r t ions   of  the  p r i n t i n g   mat r ix   d u r i n g   the  a p p l i c a t i o n  

of  heat   and  p r e s s u r e   be tween   the  p r i n t i n g   mat r ix   and  t h e  

s u b s t r a t e .  

5.  The  p roce s s   of  claim  1,  2,  3  or  4  whe re in   the  dye  subl imes   o r  

v a p o r i z e s   at  a  t e m p e r a t u r e   above  about   140°C  at  a t m o s p h e r i c  

p r e s s u r e .  

6.  The  p r o c e s s   of  claim  5  whe re in   the  dye  subl imes   or  v a p o r i z e s  

at  a  t e m p e r a t u r e   be tween   about   160°C  and  about   205°C  a t  

a t m o s p h e r i c   p r e s s u r e .  

7.  The  p r o c e s s   of  claim  1,  2,  3  or  4  whe re in   the  s u b s t r a t e   is  a  

fabr ic   s e l ec t ed   from  the  g roup   c o n s i s t i n g   of  p o l y e s t e r ,   n y l o n ,  

a c e t a t e ,   b lends   of  p o l y e s t e r ,   nylon  or  ace ta te   c o n t a i n i n g  

co t ton   or  wool,  and  cot ton  or  wool  that   has  been  t r e a t e d   t o  

accep t   a  subl imable   d y e .  

8.  The  p r o c e s s   of  claim  1,  2,  3  or  4  whe re in   the  s u b s t r a t e   is  a  

p las t i c   film  se lec ted   from  the  g roup   c o n s i s t i n g   of  p o l y e s t e r  

and  n y l o n .  

9.  The  p r o c e s s   of  claim  1,  2,  3  or  4  whe re in   the  c a r r i e r   shee t   i s  

made  of  a  t h e r m o p l a s t i c   f i lm.  



10.  The  p r o c e s s   of  claim  9  where in   the  c a r r i e r   shee t   is  made  of  a  

mater ia l   se lec ted   from  the  g roup   c o n s i s t i n g   of  p o l y e t h y l e n e ,  

p o l y p r o p y l e n e ,   p o l y e s t e r   and  po lyamide   f i lms .  

11.  The  p r o c e s s   of  claim  1,  2,  3  or  4  where in   the  c a r r i e r   shee t   i s  

made  of  a  t h e r m o s e t   f i lm.  

12.  The  p r o c e s s   of  claim  1,  2,  3  or  4  whe re in   the  c a r r i e r   shee t   i s  

made  of  a  ce l lophane   f i lm.  

13.  The  p r o c e s s   of  claim  1,  2,  3  or  4  where in   the  c a r r i e r   shee t   i s  

made  of  a  coated  p a p e r .  

14.  The  p roce s s   of  claim  1,  2,  3  or  4  where in   the  c a r r i e r   s h e e t  

has  a  t h i c k n e s s   of  from  about   0.00635  mm.  to  a b o u t  

0.0635  mm. 

15.  The  p r o c e s s   of  claim  14  where in   the  c a r r i e r   shee t   has  a  

t h i c k n e s s   of  from  about   0.0127  mm.  to  about   0.0381  mm. 

16.  The  p r o c e s s   of  claim  1,  2,  3  or  4  where in   the  ink  c o m p o s i t i o n  

which  has  been  t r a n s f e r r e d   to  the  s u b s t r a t e   s u r f a c e   is  h e a t e d  

by  c o n d u c t i o n .  

17.  The  p r o c e s s   of  claim  16  where in   the  ink  compos i t ion   which  h a s  

been  t r a n s f e r r e d   to  the  s u b s t r a t e   s u r f a c e   is  h e a t e d   to  a  

t e m p e r a t u r e   be tween   about   140°C  and  about   224°C  for  a  t i m e  

pe r iod   from  about   2  s econds   to  about   10  s e c o n d s .  

18.  The  p r o c e s s   of  claim  1,  2,  3  or  4  where in   the  ink  c o m p o s i t i o n  

which  has  been  t r a n s f e r r e d   to  the  s u b s t r a t e   s u r f a c e   is  h e a t e d  

by  c o n v e c t i o n .  

19.  The  p roce s s   of  claim  1,  2,  3  or  4  where in   the  ink  c o m p o s i t i o n  
which  has  been  t r a n s f e r r e d   to  the  s u b s t r a t e   s u r f a c e   is  h e a t e d  

by  r a d i a t i o n .  



20.  The  p r o c e s s   of  claim  19  where in   the  sou rce   of  r a d i a n t   heat   i s  

an  i n f r a r e d   l a m p .  

21.  The  p r o c e s s   of  claim  19  where in   the  sou rce   of  r a d i a n t   heat   i s  

a  l a s e r .  

22.  The  p r o c e s s   of  claim  19  where in   the  sou rce   of  r a d i a n t   heat   i s  

a  gas  d i s c h a r g e   l a m p .  

23.  The  p r o c e s s   of  claim  22  where in   the  sou rce   of  r a d i a n t   heat   i s  

a  xenon   f lash  l a m p .  

24.  The  p r o c e s s   of  claim  3  or  4  whe re in   the  p r i n t i n g   mat r ix   i s  

ma in t a ined   at  a  t e m p e r a t u r e   in  the  r a n g e   of  about   52°C  t o  

about   205°C,  the  p r e s s u r e   appl ied   b e t w e e n   the  mat r ix   and  t h e  

s u b s t r a t e   is  in  the  r ange   of  about   7.03  to  about   70.31  k g / c m 2 ,  

and  the  p r i n t i n g   mat r ix ,   c a r r i e r   s u p p o r t e d   ink  and  s u b s t r a t e  

s u r f a c e   are  c o n t a c t e d   for  a  pe r iod   of  time  from  about   0 . 1  

second   to  about   1  s e c o n d .  

25.  A  c a r r i e r   s u p p o r t e d   ink  su i t ab le   for  use  in  a  p r o c e s s   f o r  

fo rming   a  p e r m a n e n t ,   ab ra s ion   and  chemical   r e s i s t a n t   image  o n  

a  fabr ic   or  p las t ic   s u b s t r a t e   by  a p p l y i n g   p r e s s u r e   b e t w e e n   a  

p r i n t i n g   ma t r ix   h a v i n g   r a i sed   p o r t i o n s   in  the  shape   of  t h e  

image  to  be  p r i n t e d   and  the  s u b s t r a t e ,   with  the  c a r r i e r  

s u p p o r t e d   ink  d i sposed   be tween   the  p r i n t i n g   ma t r ix   and  t h e  

s u b s t r a t e ,   to  t r a n s f e r   an  ink  compos i t ion   to  the  s u b s t r a t e  

s u r f a c e ,   and  then  h e a t i n g   the  ink  compos i t ion   which  has  b e e n  

t r a n s f e r r e d   to  the  s u b s t r a t e   s u r f a c e   to  cause   a  sub l imab le   d y e  

within  the  ink  composi t ion   to  subl ime  or  v a p o r i z e   and  t h e n  

d i f fuse   into  the  s u b s t r a t e   s u r f a c e ,   said  c a r r i e r   s u p p o r t e d   i n k  

c o m p r i s i n g :  

(a)  a  un i form  coa t ing   of  an  ink  compos i t ion   c o m p r i s i n g :  

(i)  from  about   2  to  about   91  p e r c e n t   by  w e i g h t  

of  a  sub l imable   d y e ,  

(ii)  from  about   2  to  about   67  p e r c e n t   b y  



weight  of  a  res in   which  b inds   the  ink  compos i t ion   t o  

the  s u r f a c e   of  the  c a r r i e r   p r io r   to  app l i c a t i on   o f  

p r e s s u r e   be tween   the  p r i n t i n g   matr ix   and  t h e  

s u b s t r a t e ,   which  pe rmi t s   complete   t r a n s f e r   of  t h e  

ink  composi t ion   d u r i n g   such  app l i ca t ion   of  p r e s s u r e ,  

which  s u b s e q u e n t l y   b inds   the  ink  composi t ion   to  t h e  

s u b s t r a t e ,   but  which  does  not  h i n d e r   sub l ima t ion   o r  

v a p o r i z a t i o n   of  the  dye  d u r i n g   app l i ca t ion   of  heat   t o  

the  ink  compos i t ion   which  has  been  t r a n s f e r r e d   t o  

the  s u b s t r a t e ,   a n d  

(iii)  from  about   4  to  about   45  p e r c e n t   b y  

weight  of  a  w a x ,  

where in   the  dye,   r es in   and  wax  and  t h e  

amounts   t h e r e o f   are  s e l ec t ed   so  that   the  i n k  

composi t ion   forms  a  d i s c o n t i n u o u s   coa t ing   on  t h e  

c a r r i e r   s u r f a c e   that   will  comple te ly   r e l ease   from  t h e  

c a r r i e r   in  the  shape   of  the  image  de f ined   by  t h e  

ra i sed   p o r t i o n s   of  the  p r i n t i n g   mat r ix   d u r i n g  

app l i ca t ion   of  p r e s s u r e   b e t w e e n   the  p r i n t i n g   m a t r i x  

and  the  s u b s t r a t e ,   a n d  

(b)  a  c a r r i e r   shee t   for  s u p p o r t i n g   the  coa t i ng   o n  

one  s u r f a c e   t h e r e o f ,   said  c a r r i e r   shee t   c o m p r i s i n g   a  

mater ia l   which  is  compa t ib le   with  said  ink  c o m p o s i t i o n  

and  which  pe rmi t s   the  c a r r i e r   shee t   to  conform  to  t h e  

r a i sed   po r t ions   of  the  p r i n t i n g   matr ix   and  f u r t h e r  

pe rmi t s   the  p r e s s u r e   app l ied   to  the  c a r r i e r   to  cause   t h e  

coa t ing   to  comple te ly   r e l ease   from  the  c a r r i e r   in  t h e  

shape   of  the  image  de f ined   by  the  r a i sed   p o r t i o n s   of  t h e  

p r i n t i n g   m a t r i x .  

26.  The  c a r r i e r   s u p p o r t e d   ink  of  claim  25  where in   the  d y e  

subl imes   or  v a p o r i z e s   at  a  t e m p e r a t u r e   above  about   140°C  a t  

a t m o s p h e r i c   p r e s s u r e .  



27.  The  c a r r i e r   s u p p o r t e d   ink  of  claim  26  where in   the  d y e  

subl imes   or  v a p o r i z e s   at  a  t e m p e r a t u r e   be tween   about   160°C  

and  about   205°C  at  a t m o s p h e r i c   p r e s s u r e .  

28.  The  c a r r i e r   s u p p o r t e d   ink  of  claim  25  where in   the  c a r r i e r  

shee t   is  made  of  a  t h e r m o p l a s t i c   f i lm.  

29.  The  c a r r i e r   s u p p o r t e d   ink  of  claim  28  where in   the  c a r r i e r  

shee t   is  s e l ec t ed   from  the  g roup   c o n s i s t i n g   of  p o l y e t h y l e n e ,  

p o l y p r o p y l e n e ,   p o l y e s t e r   and  polyamide   f i l m s .  

30  The  c a r r i e r   s u p p o r t e d   ink  of  claim  25  where in   the  c a r r i e r  

shee t   is  made  of  a  t h e r m o s e t   f i lm.  

31.  The  c a r r i e r   s u p p o r t e d   ink  of  claim  25  where in   the  c a r r i e r  

shee t   is  made  of  a  c e l l ophane   f i lm.  

32.  The  c a r r i e r   s u p p o r t e d   ink  of  claim  25  where in   the  c a r r i e r  

shee t   is  made  of  a  coa ted   p a p e r .  

33.  The  c a r r i e r   s u p p o r t e d   ink  of  claim  25  where in   the  c a r r i e r  

shee t   has  a  t h i c k n e s s   of  from  about   0.00635  mm.  to  a b o u t  

0.0635  mm. 

34.  The  c a r r i e r   s u p p o r t e d   ink  of  claim  33  where in   t h e   c a r r i e r  

shee t   has  a  t h i c k n e s s   of  from  about   0.0127  mm.  to  a b o u t  

0.0381  mm. 

35.  A p p a r a t u s   for  forming  a  p e r m a n e n t ,   a b r a s i o n   and  c h e m i c a l  

r e s i s t a n t   image  on  a  fabr ic   or  p las t i c   s u b s t r a t e   c o m p r i s i n g :  

(a)  a  p r i n t i n g   s ta t ion   for  forming  images  on  a  s u b s t r a t e  

u s i n g   a  c a r r i e r   s u p p o r t e d   ink,   said  p r i n t i n g   s t a t i o n  

c o m p r i s i n g :  

(1)  a  p r i n t i n g   mat r ix   hav ing   r a i s ed   p o r t i o n s   in  t h e  

shape   of  the  image  to  be  p r i n t e d   on  the  s u b s t r a t e ,  



(2)  means  for  h e a t i n g   said  p r i n t i n g   mat r ix   to  a  

p r e d e t e r m i n e d   t e m p e r a t u r e ,  

(3)  means  for  p o s i t i o n i n g   a  fabr ic   or  p l a s t i c  

s u b s t r a t e   oppos i te   said  hea t ed   p r i n t i n g   m a t r i x ,  

(4)  means  for  p o s i t i o n i n g   a  c a r r i e r   s u p p o r t e d   i n k  

b e t w e e n   said  hea ted   p r i n t i n g   mat r ix   and  said  s u b s t r a t e ,  

said  c a r r i e r   s u p p o r t e d   ink  c o m p r i s i n g   a  c a r r i e r   s h e e t  

coated   un i formly   on  one  s u r f a c e   t h e r e o f   with  an  i n k  

compos i t ion   c o m p r i s i n g   a  sub l imable   dye,   said  c a r r i e r  

s u p p o r t e d   ink  be ing   p o s i t i o n e d   such  that   the  u n c o a t e d  

s u r f a c e   t h e r e o f   faces  the  p r i n t i n g   mat r ix   and  the  c o a t e d  

s u r f a c e   t h e r e o f   faces  the  s u b s t r a t e ,  

(5)  means  for  a p p l y i n g   p r e s s u r e   b e t w e e n   s a i d  

p r i n t i n g   matr ix  and  said  s u b s t r a t e   to  cause   the  p r i n t i n g  

mat r ix   to  con tac t   the  u n c o a t e d   s u r f a c e   of  the  c a r r i e r  

shee t   and  the  coated  s u r f a c e   of  the  c a r r i e r   shee t   t o  

con tac t   the  s u b s t r a t e ,   said  p r e s s u r e   be ing   appl ied   in  a n  

amount   and  for  a  time  su f f i c i en t   to  cause   the  i n k  

compos i t ion   to  comple te ly   t r a n s f e r   from  the  c a r r i e r   s h e e t  

to  the  s u b s t r a t e   in  the  shape   of  the  image  de f ined   b y  

the  r a i sed   po r t i ons   of  the  p r i n t i n g   m a t r i x ,  

(b)  means  for  d e l i v e r i n g   the  s u b s t r a t e   with  t h e  

t r a n s f e r r e d   ink  composi t ion   t h e r e o n   from  the  p r i n t i n g   s t a t i o n  

to  a  h e a t i n g   s t a t ion ,   a n d  

(c)  a  h e a t i n g   s ta t ion   for  h e a t i n g   the  ink  compos i t ion   o n  

the  s u b s t r a t e   u n d e r   su f f i c i en t   p r e s s u r e   and  for  a  s u f f i c i e n t  

amount   of  time  to  cause  the  dye  t h e r e i n   to  subl ime  o r  

v a p o r i z e   and  then  d i f fuse   into  the  s u b s t r a t e   s u r f a c e .  

36.  The  a p p a r a t u s   of  claim  35,  whe re in   said  h e a t i n g   s t a t i o n  

i n c l u d e s   means  for  h e a t i n g   the  ink  compos i t ion   on  t h e  

s u b s t r a t e   by  c o n d u c t i o n .  

37.  The  a p p a r a t u s   of  claim  36,  where in   said  means  for  h e a t i n g  

c o m p r i s e s   a  hea t ed   d r u m .  



38.  The  a p p a r a t u s   of  claim  35,  where in   said  h e a t i n g   s t a t i o n  

i n c l u d e s   means  for  h e a t i n g   the  ink  compos i t ion   on  t h e  

s u b s t r a t e   by  c o n v e c t i o n .  

39.  The  a p p a r a t u s   of  claim  35,  whe re in   said  h e a t i n g   s t a t i o n  

i n c l u d e s   means  for  h e a t i n g   the  ink  compos i t ion   on  t h e  

s u b s t r a t e   by  r a d i a t i o n .  

.  40 .   The  a p p a r a t u s   of  claim  39,  where in   said  means  for  h e a t i n g  

compr i s e s   an  i n f r a r e d   l a m p .  

41.  The  a p p a r a t u s   of  claim  39,  where in   said  means  for  h e a t i n g  

c o m p r i s e s   a  l a s e r .  

42.  The  a p p a r a t u s   of  claim  39,  where in   said  means  for  h e a t i n g  

c o m p r i s e s   a  gas  d i s c h a r g e   l a m p .  

43.  The  a p p a r a t u s   of  claim  42,  where in   said  gas  d i s c h a r g e   l amp  

compr i se s   a  xenon   f lash  l a m p .  
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