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Thermal  transfer  printing. 

@  A  thermal  transfer  printing  sheet,  suitable  tor  use  in  a 
thermal  transfer  printing  process,  especially  for  the  conversion 
of  a  digital  image  into  a  visible  print,  comprising  a  substrate 
having  a  coating  comprising  a  dye  of  the  formula: 
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CM 
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wherein 
Ring  A  is  unsubstituted  or  carries,  in  the  2-  or  4-position 

with  respect  to  the  azo  link,  at  least  one  group  selected  from 
-CX3,  X1,  CN,  N02,  -OCO-Y,  -CO-Y,  -CO-H,  -OS02-Y  and 
-S02-  Y,  provided  that  A  is  substituted  when  Z  is  CH3  and  R  is 
C2-4-alkyl; 

X  and  X1  are  each  independently  halogen; 
Y  is  selected  from  R1,  -OR1,  SR1  and  -NR1R2; 

H  is  seiectea  Trom  L.i-i2-aiKyi/  <-i-i2-aî yi  iiiucnupucu  uy 
one  or  two  groups  selected  from  -0-,  -CO-,  0  •  CO-  and  -CO  •  0-, 
C3-7-cycloalkyl,  mono-  or  bi-cyclic  aryl  and  Ci-3-alkylene 
attached  to  an  adjacent  carbon  atom  on  Ring  A; 

R2  is  selected  from  H,  Ci-12-alkyl,  C3-7-cycloalkyl  and 
mono-  or  bi-cyclic  aryl; 

Z  is  Ci-12-alkyl  or  phenyl;  and 
R  is  selected  from  C2-i2-alkyl  unbranched  in  the  alpha- 

position,  C2-i2-alkyl  unbranched  in  alpha-position  and  inter- 
rupted  by  one  or  two  groups  selected  from  -0-,  -CO-,  O-CO- 
and  -CO-0-,  phenyl,  Ci-4-alkylphenyl,  biphenyl  and  biphenyl 
interrupted  by  a  group  selected  from  -0-,  -CO-,  O-CO-  and 
-CO-0-,  each  of  which  is  free  from  hydrogen  atoms  capable 
of  intermolecular  hydrogen  beonding. 
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Thermal  Trans  rer  p r i n t i n g  

I n t r o d u c t i o n  

This  s p e c i f i c a t i o n   d e s c r i b e s   an  i n v e n t i o n   r e l a t i n g   t o  

thermal   t r a n s f e r   p r i n t i n g   (TTP)  ,  e s p e c i a l l y   to  a  TTP  sheet   c a r r y i n g   a 

dye  or  dye  mix tu re ,   to  the  dye  mixture   and  to  a  novel  dye .  

In  TTP  a  h e a t - t r a n s f e r a b l e   dye  is  app l i ed   to  a  s h e e t - l i k e  

s u b s t r a t e   in  the  form  of  an  ink,  u s u a l l y   c o n t a i n i n g   a  polymeric   o r  

r e s inous   b inder   to  bind  the  dye  to  the  s u b s t r a t e ,   to  form  a  t r a n s f e r  

shee t .   This  is  then  placed  in  con tac t   with  the  m a t e r i a l   to  be 

p r i n t e d ,   ( g e n e r a l l y   a  fi lm  of  polymeric   m a t e r i a l   such  as  a  p o l y e s t e r  

sheet)   h e r e i n a f t e r   c a l l e d   the  r e c e i v e r   sheet   and  s e l e c t i v e l y   h e a t e d  

in  accordance  with  a  p a t t e r n   i n f o r m a t i o n   s i gna l   whereby  dye  from  t h e  

s e l e c t i v e l y   heated  reg ions   of  the  t r a n s f e r   sheet   is  t r a n s f e r r e d   t o  

the  r e c e i v e r   sheet   and  forms  a  p a t t e r n   thereon   in  accordance   with  t h e  

p a t t e r n   of  heat  app l i ed   to  the  t r a n s f e r   s h e e t .  

Impor tan t   c r i t e r i a   in  the  s e l e c t i o n   of  a  dye  for  TTP  are  i t s  

thermal   p r o p e r t i e s ,   b r i g h t n e s s   of  shade,  f a s t n e s s   p r o p e r t i e s ,   such  a s  

l i g h t   f a s t n e s s ,   and  f a c i l i t y   for  a p p l i c a t i o n   to  the  s u b s t r a t e   in  t h e  

p r e p a r a t i o n   of  the  t r a n s f e r   shee t .   For  s u i t a b l e   per formance   the  dye 

should  t r a n s f e r   evenly ,   in  p r o p o r t i o n   to  the  heat  app l i ed   to  the  TTP 

sheet   so  tha t   the  depth  of  shade  on  the  r e c e i v e r   sheet   i s  

p r o p o r t i o n a l   to  the  heat  app l i ed   and  a  t rue  grey  sca le   of  c o l o r a t i o n  

can  be  achieved  on  the  r e c e i v e r   shee t .   B r i g h t n e s s   of  shade  i s  

impor tan t   in  order  to  achieve  as  wide  a  range  of  shades  with  t h e  

three   primary  dye  shades  of  ye l low,   magenta  and  cyan.  As  the  dye 

must  be  s u f f i c i e n t l y   mobile  to  migra te   from  the  t r a n s f e r   sheet   to  t h e  

r e c e i v e r   sheet   at  the  t e m p e r a t u r e s   employed,  300-400°C,  i t   i s  

g e n e r a l l y   free  from  ionic   and  w a t e r - s o l u b i l i s i n g   groups,   and  is  t h u s  

not  r e a d i l y   so lub le   in  aqueous  or  w a t e r - m i s c i b l e   media,  such  as  w a t e r  

and  e t h a n o l .   Many  s u i t a b l e   dyes  are  also  not  r e a d i l y   so lub le   in  t h e  

hydrocarbon  s o l v e n t s   which  are  commonly  used  in,  and  thus  a c c e p t a b l e  

to,  the  p r i n t i n g   i n d u s t r y ;   for  example,  a l c o h o l s   such  as  i - p r o p a n o l ,  

ketones   such  as  m e t h y l - e t h y l k e t o n e   (MEK)  ,  m e t h y l - i - b u t y l k e t o n e   (MIBK) 
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and  cyc lohexanone   and  a romat ic   hydrocarbons   such  as  t o l u e n e .  

Although  the  dye  can  be  app l i ed   as  a  d i s p e r s i o n   in  a  s u i t a b l e  

s o l v e n t ,   i t   has  been  found  tha t   b r i g h t e r ,   g l o s s i e r   and  smoother  f i n a l  

p r i n t s   can  be  achieved  on  the  r e c e i v e r   sheet   if   the  dye  is  app l ied   t o  

5  the  s u b s t r a t e   from  a  s o l u t i o n .   In  order  to  achieve   the  p o t e n t i a l  

for  a  deep  shade  on  the  r e c e i v e r   sheet   i t   is  d e s i r a b l e   tha t   the  dye 

should  be  r e a d i l y   s o l u b l e   in  the  ink  medium.  It  is  also  i m p o r t a n t  

tha t   a  dye  which  has  been  app l i ed   to  a  t r a n s f e r   sheet   from  a  s o l u t i o n  

should  be  r e s i s t a n t   to  c r y s t a l l i s a t i o n   so  tha t   i t   remains  as  an  

10  amorphous  l aye r   on  the  t r a n s f e r   sheet   for  a  c o n s i d e r a b l e   t i m e .  

The  fo l lowing   combina t ion   of  p r o p e r t i e s   are  h igh ly   d e s i r a b l e  

for  a  dye  which  is  to  be  used  in  TTP: -  

Idea l   s p e c t r a l   c h a r a c t e r i s t i c s   (narrow  a b s o r p t i o n   curve  w i t h  

a b s o r p t i o n   maximum  matching  a  pho tog raph ic   f i l t e r :   for  y e l l o w  

15  dyes,  a  blue  f i l t e r   at  435  ±  lOnm)  . 

High  t i n c t o r i a l   s t r e n g t h   ( e x t i n c t i o n   c o e f f i c i e n t   > 4 0 , 0 0 0 ) .  

Cor rec t   thermochemica l   p r o p e r t i e s   (high  thermal   s t a b i l i t y   and  good 

t r a n s f e r a b i l i t y   with  heat)   . 

High  o p t i c a l   d e n s i t i e s   on  p r i n t i n g .  

20  Good  s o l u b i l i t y   in  s o l v e n t s   a c c e p t a b l e   to  p r i n t i n g   i n d u s t r y :   t h i s  

is  d e s i r a b l e   to  produce  s o l u t i o n   coated  d y e s h e e t s .  

S tab le   dyeshee t s   ( r e s i s t a n t   to  dye  m i g r a t i o n   or  c r y s t a l l i s a t i o n )   . 

S tab le   p r i n t e d   images  on  the  r e c e i v e r   sheet   (to  heat  and  e s p e c i a l l y  

l i g h t )   . 
25  The  achievement   of  good  l i g h t   f a s t n e s s   in  TTP  is  e x t r e m e l y  

d i f f i c u l t   because  of  the  u n f a v o u r a b l e   environment   of  the  dye,  namely  

s u r f a c e   p r i n t e d   p o l y e s t e r   on  a  white   pigmented  base.   Many  known 

dyes  for  p o l y e s t e r   f i b r e   with  high  l i g h t   f a s t n e s s   (>6  on  t h e  

I n t e r n a t i o n a l   Scale  of  1-8)  on  p o l y e s t e r   f i b r e   e x h i b i t   very  p o o r  

30  l i g h t   f a s t n e s s   (<3)  in  TTP. 

The  achievement   of  the  d e s i r a b l e   p r o p e r t i e s   with  yellow  dyes  

is  p a r t i c u l a r l y   d i f f i c u l t   and  the  l ead ing   yel low  dyes  for  t h e  

c o n v e n t i o n a l   t r a n s f e r   p r i n t i n g   of  p o l y e s t e r   t e x t i l e   m a t e r i a l s   do  n o t  

meet  these   c r i t e r i a .   For  example,  CI  D i spe r se   Yellow  3,  an  
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azophenol  dye,  does  not  have  the  c o r r e c t   s p e c t r a l   c n a r a c t e r i s t i c s .  

(too  red  and  dul l )   ,  has  poor  s o l u b i l i t y   ( p r ec ludes   s o l u t i o n   c o a t e d  

dyesheets )   ,  is  t i n c t o r i a l l y   weak  (gives  low  o p t i c a l   d e n s i t y   on 

p r i n t i n g )   and  has  poor  l i g h t   f a s t n e s s .   CI  Dispe r se   Yellow  54,  a  

qu inoph tha lone   dye  which  is  probably   the  l ead ing   yellow  dye  for  t h e  

c o n v e n t i o n a l   t r a n s f e r   p r i n t i n g   of  p o l y e s t e r   t e x t i l e   m a t e r i a l s ,   h a s  

very  poor  s o l u b i l i t y   which  p r ec ludes   i t s   use  for  s o l u t i o n   c o a t e d  

d y e s h e e t s .  

It  has  now  been  found  that   c e r t a i n   azopyr idone   dyes  h a v e  

p r o p e r t i e s   which  render   them  more  s u i t a b l e   for  TTP  than  dyes  wh ich  

have  p r e v i o u s l y   been  known  or  proposed  for  the  heat  t r a n s f e r   p r i n t i n g  

of  t e x t i l e   m a t e r i a l s .  

Ihe  I n v e n t i o n  

According  to  a  f i r s t   a spec t   of  the  p r e s e n t   i n v e n t i o n   t h e r e  

is  provided  a  thermal   t r a n s f e r   p r i n t i n g   sheet   compr i s ing   a  s u b s t r a t e  

having  a  coa t ing   compris ing   a  dye  of  the  f o r m u l a :  

/  

I 
n 

whe re in  

Ring  A  is  u n s u b s t i t u t e d   or  c a r r i e s ,   in  the  2-  or  4 - p o s i t i o n   w i t h  

r e s p e c t   to  the  azo  l ink ,   at  l e a s t   one  group  s e l e c t e d   f rom 

-CX3,  X1,  CN,  N02,  -OCO.Y,  -CO..Y,  -CO.H,  -OSCyY  and  -SC^ .Y,  

provided  that   A  is  s u b s t i t u t e d   when  Z  is  CH3  and  R  i s  

C 2 _ 4 - a l k y l ;  
X  &  X1  are  each  i n d e p e n d e n t l y   h a l o g e n ;  

Y  is  s e l e c t e d   from  R1,  -OR1,  SR1  and  -NR1R2; 

R1  is  s e l e c t e d   from  C ^ ^ - a l k y l ,   C ^ ^ - a l k y l   i n t e r r u p t e d   by  one 

or  two  groups  s e l e c t e d   from  -0- ,   -CO-,  0.C0-  and  - C 0 . 0 - ,  
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C3  7 ~ c y c l o a l k y l ,   mono-  or  b i - c y c l i c   a ry l   and  C ^ - a l k y l e n e  
a t t a c h e d   to  an  a d j a c e n t   carbon  atom  on  Ring  A; 

2 R  is  s e l e c t e d   from  H,  C ^ ^ - a l k y l ,   C ^ - c y c l o a l k y l   and  mono- 

or  b i - c y c l i c   a r y l ;  

5  Z  is  C^_^2-a lky l   or  phenyl;   and 

R  is  s e l e c t e d   from  . ^ - a l k y l   unbranched  in  the  a l p h a -  

p o s i t i o n ,   ^ ^ - a l k y l   unbranched  in  a l p h a - p o s i t i o n   and 

i n t e r r u p t e d   by  one  or  two  groups  s e l e c t e d   from  -0- ,   -CO-,  

O.CO-  and  -C0 .0 - ,   phenyl ,   C ^ - a l k y l p h e n y l ,   b ipheny l   and 

10  b ipheny l   i n t e r r u p t e d   by  a  group  s e l e c t e d   from  -0 - ,   -CO-,  

O.CO-  and  -C0 .0 - ,   each  of  which  is  f ree   from  hydrogen  a toms 

capable   of  i n t e r m o l e c u l a r   hydrogen  b o n d i n g .  

The  C o a t i n g  

The  coa t ing   p r e f e r a b l y   comprises   a  b inder   and  one  or  more 

15  dyes  of  Formula  I.  The  r a t i o   of  b inder   to  dye  is  p r e f e r a b l y   a t  

l e a s t   1:1  and  more  p r e f e r a b l y   from  1.5:1  to  4:1  in  order  to  p r o v i d e  

good  adhes ion   between  the  dye  and  the  s u b s t r a t e   and  i n h i b i t   m i g r a t i o n  

of  the  dye  dur ing  s t o r a g e .  

The  coa t ing   may  also  con ta in   o ther   a d d i t i v e s ,   such  as  c u r i n g  

20  a g e n t s ,   p r e s e r v a t i v e s ,   e t c . ,   these  and  o ther   i n g r e d i e n t s   b e i n g  

d e s c r i b e d   more  f u l l y   in  EP  133011A,  EP  133012A  and  EP  111004A. 

The  B i n d e r  

The  b inde r   may  be  any  r e s i n o u s   or  polymeric   m a t e r i a l  

s u i t a b l e   for  b ind ing   the  dye  to  the  s u b s t r a t e   which  has  a c c e p t a b l e  

25  s o l u b i l i t y   in  the  ink  medium,  i . e .   the  medium  in  which  the  dye  and  

b inde r   are  a p p l i e d   to  the  t r a n s f e r   shee t .   Examples  of  b i n d e r s  

inc lude   c e l l u l o s e   d e r i v a t i v e s ,   such  as  e t h y l h y d r o x y e t h y l c e l l u l o s e  

(EHEC),  h y d r o x y p r o p y l c e l l u l o s e   (HPC)  ,  e t h y l c e l l u l o s e ,   m e t h y l -  

c e l l u l o s e ,   c e l l u l o s e   a c e t a t e   and  c e l l u l o s e   a c e t a t e   b u t y r a t e ;  

30  c a r b o h y d r a t e   d e r i v a t i v e s ,   such  as  s t a r c h ;   a l g i n i c   acid  d e r i v a t i v e s ;  

alkyd  r e s i n s ;   v iny l   r e s i n s   and  d e r i v a t i v e s ,   such  as  p o l y v i n y l  

a l c o h o l ,   p o l y v i n y l   a c e t a t e ,   p o l y v i n y l   b u t y r a l   and  p o l y v i n y l  

p y r r o l i d o n e ;   polymers  and  co-polymers   de r ived   from  a c r y l a t e s   and 

aery  l a t e   d e r i v a t i v e s ,   such  as  p o l y a c r y l i c   ac id ,   p o l y m e t h y l  
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me thac ry l a t e   and  s t y r e n e - a c r y i a t e   copolymers ,   p u ^ b s l c i .   ^ c o ^ o ,  

polyamide  r e s i n s ,   such  as  melamines;   po lu rea   and  p o l y u r e t h a n e   r e s i n s ;  

o r g a n o s i l i c o n s ,   such  as  p o l y s i l o x a n e s ,   epoxy  r e s i n s   and  n a t u r a l  

r e s i n s ,   such  as  gum  t r a g a c a n t h   and  gum  a r a b l e .  

It  is  however  p r e f e r r e d   to  use  a  b inder   which  is  so lub l e   i n  

one  of  the  above-ment ioned  commerc ia l ly   a c c e p t a b l e   o rgan ic   s o l v e n t s .  

P r e f e r r e d   b inde r s   of  th i s   type  are  EHEC,  p a r t i c u l a r l y   the  low  and 

e x t r a - l o w   v i s c o s i t y   g rades ,   and  e thy l   c e l l u l o s e .  

The  Dye  of  Formula  I  

Formula  I  is  w r i t t e n   in  the  hydrazone  t a u t o m e r i c   form 

because  the  dye  is  b e l i e v e d   to  ex i s t   in  th i s   form  (see  Lycka  and 

Machacek,  in  Dyes  and  Pigments  1986,  171)  . 

It  is  p r e f e r r e d   that   the  Ring  A  c a r r i e s   1  or  2  s u b s t i t u e n t s  

and  that   one  of  these  groups  is  in  the  4  p o s i t i o n   with  r e s p e c t   to  t h e  

azo  l ink .   Where  there   is  a  s ing le   s u b s t i t u e n t   t h i s   is  p r e f e r a b l y   i n  

the  2  or  4  p o s i t i o n ,   and  where  there   are  two  s u b s t i t u e n t s   these  a r e  

p r e f e r a b l y   in  the  2  and  the  4  p o s i t i o n s .   In  the  s u b s t i t u e n t s   on  A, 

it   is  p r e f e r r e d   that   X  is  f l u o r i n e   and  XL  is  c h l o r i n e   or  f l u o r i n e .  
i  *y 

It  is  also  p r e f e r r e d   tha t   R  and  R  are  each  i n d e p e n d e n t l y   s e l e c t e d  

from  C1  g - a l k y l ,   phenyl ,   C ^ - a l k y l p h e n y l ,   methy lene ,   and  a  chain  o f  

two  or  more  a lky l   groups,   e s p e c i a l l y   two  or  three   C ^ - a l k y l   g r o u p s ,  

c a r ry ing   a  t o t a l   of  up  to  12  carbon  atoms  l inked   by  -0-  g r o u p s .  

Where  R1  is  a l k y l e n e ,   e s p e c i a l l y   methylene ,   the  s u b s t i t u e n t   on  A  i s  

p r e f e r a b l y   -C0.0CH2-  and  comprises   a  fused  l ac tone   r ing  a t t a c h e d   t o  

Ring  A  at  the  3  and  4  p o s i t i o n s   with  r e spec t   to  the  azo  l i n k .  

Examples  of  s u b s t i t u e n t s   on  Ring  A  are  F;  CI;  Br;  -CF3; 

-N02;  -CN;  - C O . O - C ^ - a l k y l ,   e s p e c i a l l y   - C O . O C ^ ;   - C O . C ^ - a l k y l ,  

e s p e c i a l l y   -C0.CH3;  -CO.H;  -CO.Ph;  -CO.  S C ^ - a l k y l ,   e s p e c i a l l y  

-CO.SC2H5;  -CO.OC2H4OCH3;  - C O . O C ^ O C ^ O C r ^ ,   -CO.OCh;  - C O - N ^ H g )   £  , 

-0S02.Ph,   -S02.0Ph;   -S02.NH.CgH17,  -0S02.N(CH3)  ^   -CO.OCH^fury l   and 

4_(i-C3H7)PhC0-,   in  which  Ph  is  phenyl  and  Ch  is  c y c l o h e x y l .  

S p e c i f i c   examples  of  Ring  A  are  4 - ch lo roPh ,   2 - c h l o r o P h ,   4 - f l u o r o P h ,  

2 - f l u o r o P h ,   4 - c h l o r o - 2 - t r i f l u o r o m e t h y l P h ,   4 - n i t r o P h ,   2 - n i t r o P h ,  

4-cyanoPh,  2-cyanoPh,  4-formylPh,   4 - a c e t y l P h ,   4 - ( e t h y l t h i o -  
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carbonyl )   Ph  ,  4-  (me thoxye thoxycarbony l )   Ph  ,  4-  (methoxye  t h o x y e t h o x y -  

carbonyl )   Ph  ,  2  ,  4 - d i c h l o r o P h   ,  4-  (N-  [  2 - e t h y l h e x y l   ]  aminosulphonyl)   Ph  , 
3 , 4 - d i c h l o r o P h ,   3 - ( N , N - d i m e t h y l a m i n o s u l p h o n y l o x y ) P h ,   3 - ( p h e n y l -  

su lphonyloxy)   Ph  ,  2 - n i t r o - 4 - c h l o r o P h   ,  4-  ( 2 - e t h y l h e x y l a m i n o c a r b o n y l )   Ph  , 
5  4 - ( p h e n o x y s u l p h o n y l ) P h ,   4 - ( f u r - 2 - y l m e t h o x y c a r b o n y l ) P h ,   4 - ( 4 - i - p r o p y l -  

p h e n y l c a r b o n y l ) P h ,   4-  ( cyc lohexoxyca rbony l )   Ph  and  2 - ( n o n y l o x y -  

c a r b o n y l ) P h .  

The  C1_12~alkyl   group  r e p r e s e n t e d   by  Z  is  p r e f e r a b l y   n o t  
branched  in  the  a lpha -   or  b e t a - p o s i t i o n   and  is  more  p r e f e r a b l y  

10  unbranched .   It  is  p r e f e r r e d   tha t   Z  is  ^ - n - a l k y l   and,  more 
e s p e c i a l l y ,   m e t h y l .  

The  C2_12~alkyl   group  r e p r e s e n t e d   by  R  is  p r e f e r a b l y   n o t  

.-  branched  in  the  a l pha -   or  b e t a - s p o s i t i o n .   It  is  p r e f e r r e d   that   R  i s  

C 2 _ g - n - a l k y l ,   e s p e c i a l l y   C3_5~n-alkyl   and  more  e s p e c i a l l y   n -p ropy l   o r  
15  n - b u t y l .   Where  R  r e p r e s e n t s   an  i n t e r r u p t e d   a lky l   group  t h i s  

p r e f e r a b l y   comprises   two  or  more  a lky l   groups,   e s p e c i a l l y   two  o r  
th ree   C ^ ^ - n - a l k y l   groups,   c a r r y i n g   a  t o t a l   of  up  to  12  carbon  a t o m s ,  
l i nked   by  oxygen  atoms.  It  is  e s p e c i a l l y   p r e f e r r e d   tha t   t h e  

i n t e r r u p t e d   a lky l   r e p r e s e n t e d   by  R  is  C ^ - a l k o x y - C ^   ^ - n - a l k y l ,   such  
20  as  2-methoxy  e t h y l ,   2 - e t h o x y e t h y l ,   3 - e t h o x y - n - p r o p y l   and  3 - n - b u t o x y -  

n - p r o p y l .   S p e c i f i c   examples  of  the  group  r e p r e s e n t e d   by  R  a r e  
e t h y l ,   n - p r o p y l ,   n - b u t y l ,   n - p e n t y l ,   n - h e x y l ,   n - o c t y l ,   2 - e t h y l -  

n - h e x y l ,   2 - m e t h o x y e t h y l ,   2 - e t h o x y e t h y l ,   3 -me thoxy-n -p ropy l   , 
3 - n - b u t o x y - n - p r o p y l ,   phenyl  and  4 - m e t h y l p h e n y l  

25  It  has  been  found  tha t   dyes  in  which  Z  and  R  do  n o t  

r e p r e s e n t   a lpha -   or  b e t a - b r a n c h e d   a lky l   groups  have  b e t t e r   l i g h t  
f a s t n e s s   and  f u r t h e r m o r e   tha t   any  fading  is  on  s h a d e .  

By  the  term  " f r ee   from  hydrogen  atoms  capable  of  i n t e r -  

mo lecu la r   hydrogen  bonding"  is  meant  tha t   the  group  R  is  f ree   o f  
30  " a c i d i c "   hydrogen  atoms  such  as  are  p r e sen t   in  -OH  and  -NH-  g r o u p s  

which  are  capable   of  forming  i n t e r - m o l e c u l a r   hydrogen  bonds.  T h i s  

r e s t r i c t i o n   does  not ,   however,  exclude  such  groups  if  t h e i r   p o s i t i o n  
pe rmi t s   the  fo rma t ion   of  i n t r a - m o l e c u l a r   hydrogen  b o n d s .  
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The  dye  or  formula  i  nas  p a r t i c u i a n y   g"uu  '-"■  ̂

p r o p e r t i e s   g iving  r i se   to  even  p r i n t s   on  the  r e c e i v e r   shee t ,   whose 

depth  of  shade  is  a c c u r a t e l y   p r o p o r t i o n a l   to  the  q u a n t i t y   of  a p p l i e d  

heat  so  that   a  t rue  grey  scale   of  c o l o r a t i o n   can  be  a t t a i n e d .  

5  The  dye  of  Formula  I  also  has  s t rong  c o l o r i s t i c   p r o p e r t i e s  

and  good  s o l u b i l i t y   in  a  wide  range  of  s o l v e n t s ,   e s p e c i a l l y   t h o s e  

s o l v e n t s   which  are  widely  used  and  accepted   in  the  p r i n t i n g   i n d u s t r y ,  

for  example,  a l k a n o l s ,   such  as  1 -p ropano l   &  b u t a n o l ;   a r o m a t i c  

hyd roca rbons ,   such  as  t o luene ,   and  ke tones   such  as  MEK,  MIBK  and 

.0  cyc lohexanone .   This  produces  inks  ( so lven t   plus  dye  and  b i n d e r )  

which  are  s t a b l e   and  allow  p r o d u c t i o n   of  s o l u t i o n   coated  d y e s h e e t s .  

The  l a t t e r   are  s t a b l e ,   being  r e s i s t a n t   to  dye  c r y s t a l l i s a t i o n   o r  

m i g r a t i o n   during  pro longed  s t o r a g e .  

The  combinat ion   of  s t rong   c o l o r i s t i c   p r o p e r t i e s   and  good 

.5  s o l u b i l i t y   in  the  p r e f e r r e d   s o l v e n t s   al lows  the  achievement   of  d e e p ,  

even  shades  on  the  r e c e i v e r   shee t .   The  r e c e i v e r   shee t s   accord ing   t o  

the  p r e s e n t   i n v e n t i o n   have  b r i g h t ,   s t rong   and  even  yel low  s h a d e s  

which  are  f a s t   to  both  l i g h t   and  h e a t .  

The  S u b s t r a t e  

>0  The  s u b s t r a t e   may  be  any  convenien t   sheet   m a t e r i a l   c a p a b l e  

of  w i t h s t a n d i n g   the  t e m p e r a t u r e s   involved   in  TTP,  up  to  400°C  over  a 

per iod   of  up  to  20  m i l l i s e c o n d s   (msec)  yet  th in   enough  to  t r a n s m i t  

heat  app l i ed   on  one  side  through  to  the  dye  on  the  o ther   side  t o  

e f f e c t   t r a n s f e r   to  a  r e c e i v e r   sheet   wi th in   such  shor t   p e r i o d s ,  

25  t y p i c a l l y   from  1-10  msec.  Examples  of  s u i t a b l e   m a t e r i a l s   are  p a p e r ,  

e s p e c i a l l y   high  q u a l i t y   paper  of  even  t h i c k n e s s ,   such  as  c a p a c i t o r  

paper ,   p o l y e s t e r ,   p o l a c r y l a t e ,   polyamide,   c e l l u l o s i c   and  p o l y a l k y l e n e  

f i lms ,   m e t a l l i s e d   forms  t h e r e o f ,   i n c l u d i n g   co-polymer  and  l a m i n a t e d  

f i lms ,   e s p e c i a l l y   l amina te s   i n c o r p o r a t i n g   a  p o l y e s t e r   r e c e p t o r   l a y e r  

30  on  which  the  dye  is  d e p o s i t e d .   Such  l amina te s   p r e f e r a b l y   c o m p r i s e ,  

a  backcoa t ,   on  the  oppos i t e   side  of  the  l amina te   from  the  r e c e p t o r  

l aye r ,   of  a  heat  r e s i s t a n t   m a t e r i a l ,   such  as  a  t h e r m o s e t i n g   r e s i n ,  

e.g  a  s i l i c o n e ,   aery  l a t e   or  p o l y u r e t h a n e   r e s i n ,   to  s e p a r a t e   the  h e a t  

source  from  the  p o l y e s t e r   and  p reven t   me l t ing   of  the  l a t t e r   d u r i n g  
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the  thermal   t r a n s f e r   p r i n t i n g   o p e r a t i o n .   me  t n i c s n e s s   ox  t n e  

s u b s t r a t e   may  vary  w i th in   wide  l i m i t s   depending  upon  i t s   t h e r m a l  

c h a r a c t e r i s t i c s   but  is  p r e f e r a b l y   less   tha t   50  urn  and  more  p r e f e r a b l y  

below  10  um. 

5  The  TTP  P r o c e s s  

According  to  a  f u r t h e r   f e a t u r e   of  the  p r e s e n t   i n v e n t i o n  

the re   is  p rovided   a  t r a n s f e r   p r i n t i n g   p rocess   which  c o m p r i s e s  

c o n t a c t i n g   a  t r a n s f e r   sheet   coated  with  a  dye  of  Formula  I  with  a  

r e c e i v e r   s h e e t ,   so  t ha t   the  dye  is  in  con t ac t   with  the  r e c e i v e r   s h e e t  

.0  and  s e l e c t i v e l y   h e a t i n g   areas   of  the  t r a n s f e r   sheet   whereby  dye  i n  

the  hea ted   a reas   of  the  t r a n s f e r   sheet   may  be  s e l e c t i v e l y   t r a n s f e r r e d  

to  the  r e c e i v e r   s h e e t .  

The  t r a n s f e r   sheet   is  p r e f e r a b l y   heated  to  a  t e m p e r a t u r e  

from  250°C  to  400°C,  more  p r e f e r a b l y   above  300°C  and  e s p e c i a l l y  

15  around  350°C,  for  a  pe r iod   of  from  1  to  10  m i l l i s e c o n d s   while  i t   i s  

m a i n t a i n e d   with  the  coa t ing   in  con t ac t   with  the  r e c e i v e r   shee t .   The 

depth  of  shade  of  p r i n t   on  any  area  of  the  r e c e i v e r   sheet   w i l l   v a r y  

with  the  time  per iod   for  which  the  t r a n s f e r   sheet   is  heated   while  i n  

c o n t a c t   with  tha t   area  of  the  r e c e i v e r   s h e e t .  

10  The  Rece ive r   S h e e t  

The  r e c e i v e r   shee t   c o n v e n i e n t l y   comprises   a  p o l y e s t e r   s h e e t  

m a t e r i a l ,   e s p e c i a l l y   a  white  p o l y e s t e r   f i lm,   p r e f e r a b l y   o f  

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   (PET).  Although  some  dyes  of  Formula  I  

are  known  for  the  c o l o r a t i o n   of  t e x t i l e   m a t e r i a l s   made  from  PET,  t h e  

25  c o l o r a t i o n   of  t e x t i l e   m a t e r i a l s ,   by  dyeing  or  p r i n t i n g   is  c a r r i e d   o u t  

under  such  c o n d i t i o n s   of  time  and  t empera tu re   that   the  dye  can  

p e n e t r a t e   into  the  PET  and  become  f ixed  t h e r e i n .   In  t h e r m a l  

t r a n s f e r   p r i n t i n g ,   the  time  per iod   is  so  shor t   that   p e n e t r a t i o n   o f  

the  PET  is  much  less   e f f e c t i v e   and  the  s u b s t r a t e   is  p r e f e r a b l y  

30  p rov ided   with  a  r e c e p t i v e   l aye r ,   on  the  side  to  which  the  dye  i s  

a p p l i e d ,   in to   which  the  dye  more  r e a d i l y   d i f f u s e s   to  form  a  s t a b l e  

image.  Such  a  r e c e p t i v e   l a y e r ,   which  may  be  app l i ed   by  c o - e x t r u s i o n  

or  s o l u t i o n   coa t ing   t e c h n i q u e s ,   may  comprise  a  th in   layer   of  a  

modi f i ed   p o l y e s t e r   or  a  d i f f e r e n t   polymeric   m a t e r i a l   which  is  more 
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permeable  to  the  dye  than  the  PiiX  suDs t race .   wuxxe  uie  u a m i c   ^  

the  r e c e p t i v e   layer   w i l l   a f f e c t   to  some  ex ten t   the  depth  of  shade  and  

q u a l i t y   of  the  p r i n t   ob ta ined   it   has  been  found  tha t   the  dyes  o f  

Formula  I  give  p a r t i c u l a r l y   s t rong  and  good  q u a l i t y   p r i n t s   (e .g .   f a s t  

5  to  l i g h t ,   heat   and  s to rage )   on  any  s p e c i f i c   t r a n s f e r   or  r e c e i v e r  

shee t ,   compared  with  o ther   dyes  of  s i m i l a r   s t r u c t u r e   which  have  b e e n  

proposed  for  thermal   t r a n s f e r   p r i n t i n g .   The  design  of  r e c e i v e r   and 

t r a n s f e r   shee t s   is  d i s cus sed   f u r t h e r   in  EP  133,011  and  EP  133012.  

Examples 

0  The  i n v e n t i o n   is  f u r t h e r   i l l u s t r a t e d   by  the  f o l l o w i n g  

examples  in  which  a l l   pa r t s   and  p e r c e n t a g e s   are  by  weight  u n l e s s  

o the rwise   i n d i c a t e d .  

Ink  1  to  Ink  39 

These  inks  were  p repared   by  d i s s o l v i n g   a  sample  of  each  o f  

5  the  dyes  def ined   in  Table  1  ( a l l   of  Formula  I  in  which  Z  is  m e t h y l  

un less   o the rwise   i n d i c a t e d )   in  ch loroform  to  make  a  s o l u t i o n  

c o n t a i n i n g   0.45%  of  dye  fol lowed  by  s u f f i c i e n t   EHEC  to  give  a  b i n d e r  

l eve l   of  0.9%  ( d y e : b i n d e r   1 : 2 ) .  

Table  1 

!0  Ink  Dyje  Ring  A  .  £  

1  1  4 - c h l o r o p h e n y l   n - b u t y l  

2  2  4 - c h l o r o p h e n y l   2 - e t h o x y e t h y l  

3  3  4 - c h l o r o p h e n y l   p h e n y l  

4  4  4 - c h l o r o p h e n y l   e t h y l  

•5  5  5  4 - c h l o r o p h e n y l   n - h e x y l  

6  6  4 - c h l o r o p h e n y l   n - p r o p y l  

7  7  4 - c h l o r o p h e n y l   2 - m e t h y l - n - p r o p y l  

8  8  4 - c h l o r o p h e n y l   2 , 2 , 2 - t r i m e t h y l e t h y l  

9  9  4 - c h l o r o p h e n y l   2 - e t h y l - n - h e x y l  

50  10  10  2 - c h l o r o p h e n y l   n - b u t y l  

Ink  Dye  Ring  A 

1  1  4 - c h l o r o p h e n y l  

2  2  4 - c h l o r o p h e n y l  

3  3  4 - c h l o r o p h e n y l  

4  4  4 - c h l o r o p h e n y l  

5  5  4 - c h l o r o p h e n y l  

6  6  4 - c h l o r o p h e n y l  

7  7  4 - c h l o r o p h e n y l  

8  8  4 - c h l o r o p h e n y l  

9  9  4 - c h l o r o p h e n y l  

10  10  2 - c h l o r o p h e n y l  
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rable  1  ( c o n t ' d )  

Ink  Dye  Ring  A  R 

11  11  4 - ( e t h y l t h i o c a r b o n y l )   n - b u t y l  

12  12  2 - f l u o r o p h e n y l   n - b u t y l  

5  13  13  4 - f l u o r o p h e n y l   n - b u t y l  

14  14  2 - n i t r o p h e n y l   n - b u t y l  

15  15  2 - n i t r o p h e n y l   2 - e t h y l - n - h e x y l  

16  16  4 - fo rmy lpheny l   n - b u t y l  

17  17  4 - a c e t y l p h e n y l   n - b u t y l  

10  18  18  2 -cyanophenyl   n - b u t y l  

19  19  4 -cyanophenyl   n - b u t y l  

Ink  Dye  S u b s t i t u e n t s   on  Ring  A  R 

20  20  3 , 4 - d i c h l o r o   n - b u t y l  

21  21  2 , 4 - d i c h l o r o   n - b u t y l  

15  22  22  2 - t r i f l u o r o m e t h y l - 4 - c h l o r o   n - b u t y l  

23  23  4 - ( 2 - [ 2 - m e t h o x y e t h o x y ] e t h o x y c a r b o n y l )   e t h y l  

24  24  4 - ( c y c l o h e x y l o x y c a r b o n y l )   n - b u t y l  

25  25  4 - ( 2 - e t h y l h e x y l a m i n o s u l p h o n y l )   n - b u t y l  

26  26  2 -methoxycarbony l   n - b u t y l  

20  27  27  2 - n i t r o - 4 - c h l o r o   n - b u t y l  

28  28  4 - ( 2 - [ 2 - m e t h o x y e t h o x y ] e t h o x y c a r b o n y l )   n - b u t y l  

29  29  4 - ( 2 - [ 2 - m e t h o x y e t h o x y ] e t h o x y c a r b o n y l )   n - o c t y l  

30  30  4 - ( 2 - [ 2 - m e t h o x y e t h o x y ] e t h o x y c a r b o n y l )   2 - e t h y l - n - h e x y l  

31  31  4 - ( 2 - [ 2 - m e t h o x y e t h o x y ] e t h o x y c a r b o n y l )   n - p e n t y l  

25  32  32  4 - ( 2 - m e t h o x y e t h o x y c a r b o n y l )   n - b u t y l  

33  33  4 - ( 2 - m e t h o x y e t h o x y c a r b o n y l )   e t h y l  

34  34  3 - n i t r o - 4 - c h l o r o   n - b u t y l  

35  35  3 - n i t r o - 4 - c h l o r o   e t h y l  

36  36  3 , 4 - d i c h l o r o   n - b u t o x y - n - p r o p y l  

30  37  37  4 -benzoy l   n - b u t y l  

Ring  A  R  Z 

38  38  l a c tone   n - b u t y l   m e t h y l  

39  39  4 - c h l o r o p h e n y l   n - b u t y l   n - p r o p y l  
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Ink  1 '  

A  s o l u t i o n   was  prepared   by  s t i r r i n g   47g  of  methyl  e t h y l  

cetone  (MEK)  ,  31g  of  cyclohexanone  and  20g  of  a  20%  s o l u t i o n   of  EHEC 

[  ex t ra   low)  in  cyclohexanone  u n t i l   homogeneous  (about  10  minutes)   . 

:hen  2g  of  Dye  1  were  added,  the  s o l u t i o n   was  again  s t i r r e d   u n t i l   t h e  

lye  had  comple te ly   d i s s o l v e d   (about  20  minutes   at  ambient)  .  The  i n k  

lad  a  v i s c o s i t y   of  16  seconds  (Zahn  No  2  at  20°C)  . 

[nk  2 '  

This  was  p repared   by  the  method  of  Example  40  except  t h a t  

:he  Dye  1  was  r ep l aced   by  Dye  2.  The  ink  had  the  same  v i s c o s i t y   a s  

[nk  1 ' .  

[nk  1C  to  Ink  IPC 

Inks  1C  to  10C  were  p repared   exac t l y   as  for  Ink  1  e x c e p t  

:hat  in  each  ink  the  dye  was  r e p l a c e d   by  a  dye  of  the  f o l l o w i n g  

formula  : 

LJ. 

t 

in  which  Q,  T  and  Ring  A  are  de f ined   in  Table  2.  In  the  case  o f  

Inks  1C  to  6C,  each  dye  was  v i r t u a l l y   i n s o l u b l e ,   even  a f t e r   h e a t i n g  

to  40°C.  Because  the  dyes  are  i n s o l u b l e   they  are  less   d e s i r a b l e   f o r  

use  in  TTP  p roces se s   for  the  reasons   given  h e r e i n b e f o r e .   Dyes  G,  H 

&  J,  three   more  compara t ive   dyes  of  Formula  II  which  f a l l   ou t s ide   t h e  

scope  of  Formula  I,  were  so lub le   in  the  ink  medium  and  i n k s  

compris ing  s o l u t i o n s   of  the  dyes  in  the  so lven t   could  be  p r e p a r e d .  
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:able  Z 

Ink  Dye  Ring  A  v  

1C  A  2 - c h l o r o p h e n y l   methyl  m e t h y l  

2C  B  2 - t r i f l u o r o m e t h y l p h e n y l   methyl  m e t h y l  

5  3C  C  3 , 4 - d i c h l o r o p h e n y l   methyl  m e t h y l  

4C  D  4 - c h l o r o p h e n y l   benzyl   m e t h y l  

5C  E  4 - c h l o r o p h e n y l   2 - h y d r o x y e t h y l   m e t h y l  

6C  F  2 - f l u o r o p h e n y l   methyl  m e t h y l  

7C  G  4 - c h l o r o p h e n y l   n - b u t y l   i - p r o p y l  

L0  8C  H  4 - c h l o r o p h e n y l   i - p r o p y l   m e t h y l  

9C  J  4 - c h l o r o p h e n y l   1 -me thy lp ropy l   m e t h y l  

IOC  K  4 - c h l o r o p h e n y l   a l l y l   m e t h y l  

Ink  11C 

L5  A  s o l u t i o n   was  p repa red   by  s t i r r i n g   47g  MEK,.31g  o f  

cyc lohexanone   and  20g  of  a  20%  s o l u t i o n   of  EHEC  (ex t ra   low)  i n  

cyc lohexanone   t o g e t h e r   u n t i l   homogeneous  (about  10  minutes)   .  Then 

2g  of  Dye  A  was  added.  The  dye  was  almost  comple te ly   out  o f  

s o l u t i o n ,   even  a f t e r   s t i r r i n g   for  30  minutes  at  40°C. 

20  Ink  12C 

An  ink  was  p repared   accord ing   to  the  method  for  Ink  42 

except  t ha t   Dye  A  was  r ep l aced   by  Dye  B.  The  dye  was  also  a l m o s t  

comple te ly   out  of  s o l u t i o n   even  a f t e r   h e a t i n g   to  40°C. 

Example  1 

25  A  t r a n s f e r   shee t ,   h e r e i n a f t e r   c a l l ed   TS1,  was  p repared   by  

app ly ing   Ink  1  to  a  6  micron  sheet   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  

using  a  wire-wound  metal   Mayr-bar  to  produce  a  2  micron  layer   of  i n k  

on  the  su r f ace   of  the  shee t .   The  ink  was  dr ied   with  hot  a i r .  

Examples  2  to  41 

30  A  f u r t h e r   40  t r a n s f e r   shee ts   in  accordance  with  the  p r e s e n t  

i n v e n t i o n ,   t r a n s f e r   shee t s   TS1',  TS2,  TS2'  and  TS3  to  TS39,  were  

p repa red   accord ing   to  the  p rocedure   of  Example  1  using  Ink  I,  Ink  2,  

Ink  2'  and  Ink  3  to  Ink  39,  r e s p e c t i v e l y ,   in  place  of  Ink  1. 
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t r ans fe r   Sheets  TS1C  to  i b i z i  

A  f u r t h e r   11  compara t ive   t r a n s f e r   s h e e t s ,   t r a n s f e r   s h e e t s  

:S1C  to  TS12C  were  p repared   accord ing   to  the  procedure   of  Example  1 

ising  Ink  1C  to  Ink  12C  in  place  of  Ink  1. 

Example  42 

A  sample  of  TS  1  was  sandwiched  with  a  r e c e i v e r   s h e e t ,  

:omprising  a  composite  s t r u c t u r e   based  on  a  white  p o l y e s t e r   b a s e  

laving  a  c o p o l y e s t e r   r e c e p t o r   su r face   with  the  r e c e p t o r   su r f ace   o f  

:he  l a t t e r   in  con tac t   with  the  p r i n t e d   su r face   of  the  former.   The 

sandwich  was  placed  on  the  drum  of  a  t r a n s f e r   p r i n t i n g   machine  and 

Dassed  over  a  mat r ix   of  c l o s e l y - s p a c e d   p i x e l s   which  were  s e l e c t i v e l y  

leated  in  accordance   with  a  p a t t e r n   i n f o r m a t i o n   s i g n a l   to  a  

temperature   of  >300°C  for  a  per iod   of  2-10  msec,  whereby  the  dye  a t  

the  p o s i t i o n   on  the  t r a n s f e r   sheet   in  con tac t   with  a  p ixe l   while  i t  

Ls  hot  is  is  t r a n s f e r r e d   from  the  t r a n s f e r   sheet   to  the  r e c e i v e r  

sheet .   Af ter   passage  over  the  a r ray   of  p i x e l s   the  t r a n s f e r   s h e e t  

was  s e p a r a t e d   from  the  r e c e i v e r   sheet   The  p r i n t e d   r e c e i v e r   sheet   i s  

l e r e i n a f t e r   r e f e r r e d   to  as  RS  1. 

Examples  43  to  83 

The  p rocedure   of  Example  1  was  r epea t ed   us ing  each  of  T S l ' ,  

rS2,  TS2'  and  TS3  to  TS39  in  place  of  TS  1  and  the  p r i n t e d   r e c e i v e r  

sheets   are  h e r e i n a f t e r   r e f e r r e d   to  as  RSI ' ,   RSI'  RS2'  and  RS3  t o  

RS39. 

Receiver  Sheets  RS1C  to  RS12C 

The  procedure   of  Example  42  was  r epea t ed   using  each  of  TS  1C 

to  TS12C  in  place  of  TS  1  and  the  p r i n t e d   r e c e i v e r   shee t s   a r e  

h e r e i n a f t e r   r e f e r r e d   to  as  RS1C  to  RS12C. 

Assessment  of  Dyes,  Inks,   T rans f e r   &  Receiver   S h e e t s  

The  a b s o r p t i o n   maxima  (WLmax)and  e x t i n c t i o n   c o e f f i c i e n t s  

(EC  )  of  the  dyes,  the  s t a b i l i t y   of  the  inks  and  the  t r a n s f e r  
max 

shee ts   and  the  q u a l i t y   of  the  p r i n t s   on  the  r e c e i v e r   shee t s   were  

a s s e s s e d .   The  inks  were  a s se s sed   by  v i s u a l   i n s p e c t i o n ,   m i c r o s c o p y  

and  v i s c o s i t y ;   the  dyeshee t s   by  v i s u a l   i n s p e c t i o n   and  microscopy  b o t h  

before   and  a f t e r   t empera tu re   cyc l ing   t e s t s   to  a s sess   the  p resence   o f  
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dye  c r y s t a l l i s a t i o n   and/or   m i g r a t i o n ;   and  the  p r i n t e d   impress ion   on 

the  r e c e i v e r   sheet   was  a s se s sed   in  r e s p e c t   of  r e f l e c t i o n   d e n s i t y   o f  

colour   by  means  of  a  d e n s i t o m e t e r   (Sakura  D i g i t a l   d e n s i t o m e t e r )   and 

for  l i g h t   f a s t n e s s   by  means  of  a  xenon  fadeometer ,   a g a i n s t   blue  s c a l e  

5  s t a n d a r d s   1-8;  1  i n d i c a t i n g   poor  f a s t n e s s   and  8  i n d i c a t i n g   e x c e l l e n t  

f a s t n e s s .  

The  r e s u l t s   of  the  a s sessments   are  set  out  in  Table  3.  

Table  3 

10  Dye/TS/RS  Dye  Ink  TS  RS 
WL  EC  S t a b i l i t y   S t a b i l i t y   OD  LF 
—  max  —  max  —  —  

1/1/1  439  41,250  E x c e l l e n t   Very  good  1.5  4 -5  
l / l ' / l 1   439  41,250  E x c e l l e n t   Very  good  2.1  4 -5  

15  J/9C/9C  439  44,760  E x c e l l e n t   Very  good  1.4  2 -3  

2 /2 /2   439  43,130  E x c e l l e n t   Good  1.4  4 -5  
2 / 2 ' / 2 *   439  43,130  E x c e l l e n t   Good  2.0  4 -5  
E/5C/5C  441  45,320  Very  poor  Poor  0.5  3 

20 
3/3/3   440  41,930  E x c e l l e n t   Good  1.4  4 
D/4C/4C  441  42,040  Very  poor  Poor  1.0  2 

4 /4 /4   442  41,930  E x c e l l e n t   Very  good  1.45  4 -5  
25  E/5C/5C  441  45,320  Very  poor  Poor  0.5  3 

5/5/5  439  38,400  E x c e l l e n t   Very  good  1.5  6 

6/6/6  439  48,000  Good  Good  1.5  4 
30  H/8C/8C  436  47,000  Good  Good  1.5  2-3  

K/10C/10C  438  47,230  Good  Good  1.6  2-3 

7/7/7  439  43,136  Good  Good  1.1  3 -4  

35  8 /8/8   438  42,140  Good  Good  1.5  3 -4  

9/9/9  439  45,096  Moderate  Moderate  1.5  3 

10/10/10  435  43,140  Good  Good  1.4  4 
40  A/1C/1C  435  43,550  Very  poor  Poor  0.69  5 

11/11/11  438  48,448  Very  good  Very  good  2.2  4 

12/12/12  433  40,524  E x c e l l e n t   Very  good  1.5  5 
45  F/6C/6C  433  41,849  Poor  Poor  1.2  5-6  
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'able  3  ( c o n t ' d )  

Dye/TS/RS  Dye  Ink  lb  *-o 
WL  EC  S t a b i l i t y   S t a b i l i t y   OD  LF 
—  max  —  max 

5 
13/13/13  435  40,100  Good  Good  1.3  4 

14/14/14  436  -  Good  Moderate  1.8  5 

10  15/15/15  436  -  Good  •  Moderate  1.2  5 

16/16/16  435  50,800  Very  good  Very  good  2.3  5 

17/17/17  436  38,400  Very  good  Very  good  2.5  5 

18/18/18  422  44,100  Good  Good  2.1  4 -5  

19/19/19  427  -  Very  good  Very  good  2.3  5 

20  20/20/20  436  44,200  Good  Good  1.3  4 -5  
C/3C/3C  436  40,437  Very  poor  Poor  1.1  4 

21/21/21  439  37,990  Good  Good  1.0  4 

25  22/22/22  427  42,300  Moderate  Moderate-   1.1  5 
B/2C/2C  415  41,000  Very  poor  Poor  1.0  4 - 5  

23/23/23  434  44.300  E x c e l l e n t   Very  good  1.3  5 -6  

30  24/24/24  434  46,004  E x c e l l e n t   Very  good  1.2  4 

25/25/25  428  -  Good  Good  0.9  4 -5  

26/26/26  430  43,089  Good  Good  2.1  5 

27/27/27  442  -  Good  Good  1.8  5 

28/28/28  434  43,760  Very  good  E x c e l l e n t   1.6  4 -5  

40  29/29/29  435  44,100  Good  Moderate  1.4  3 -4  

30/30/30  434  43,510  Good  Moderate  1.5  3 -4  

31/31/31  434  43,960  Good  Good  1.6  4 

45 
32/32/32  435  44,100  E x c e l l e n t   E x c e l l e n t   1.6  4 - 5  

33/33/33  436  43,240  Good  E x c e l l e n t   2.1  4 -5  

50  34/34/34  427  43,766  Good  Moderate  1.7  3 -4  
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Cable  3  ( c o n t ' d )  

Dye/TS/RS  Dye  Ink  TS  Kb 
WL  EC  S t a b i l i t y   S t a b i l i t y   OD  LF 
—  max  —  max  *- 

5 
35/35/35  427  43,731  Good  Good  1.8  3 - 4  

36/36/36  436  42,134  Good  Good  1.7  4 

LO  37/37/37  438  -  Good  Good  1.8  3 -4  

38/38/38  426  -  Good  Good  1.6  3 -4  

39/39/39  438  40,786  E x c e l l e n t   Good  2.0  4 
L5  G/7C/7C  439  40,183  E x c e l l e n t   Good  2.0  2 

A/11C/11C  435  41,550  Very  poor  Poor  0.6  5 

B/12C/12C  415  41,000  Very  poor  Poor  0.9  5-6  
20 

These  r e s u l t s   show  tha t   azopyr idone   dyes  of  Formula  I  a r e  

eminent ly   s u i t a b l e   yel low  dyes  for  TTP,  but  tha t   not  a l l   a z o p y r i a o n e  

yel low  dyes  are  s u i t a b l e .   Thus,  the  compara t ive   dyes,  Dyes  A  to  F,  

have  poor  s o l v e n t   s o l u b i l i t y   and  t h e r e f o r e   give  poor  inks  (Inks  1C  t o  

25  6C,  11C  and  12C)  .  The  s t a b i l i t i e s   of  the  r e s u l t i n g   t r a n s f e r   s h e e t s  

(TS1C  to  TS6C,  TS11C  and  TS12C)  are  g e n e r a l l y   poor  and  Dyes  A  to  F 

have  the rmochemica l   p r o f i l e s   which  g e n e r a l l y   r e s u l t   in  lower  o p t i c a l  

d e n s i t i e s   of  the  p r i n t e d   impress ions   on  the  r e c e i v e r   shee ts   (RS1C  t o  

RS6C,  RS11C  and  RS12C)  .  A  comparison  of  Dye  G  and  Dye  39,  Dye  H  and  

30  Dye  6  and  Dye  J  and  Dye  1  demons t r a t e s   tha t   in  each  pa i r ,   the  l a t t e r  

dye,  in  accordance   with  Formula  I,  has  s u p e r i o r   l i g h t f a s t n e s s   to  t h e  

former  dye,  which  l i e s   ou t s ide   the  scope  of  Formula  I  because  t h e  

a lky l   s u b s t i t u e n t   in  the  1  or  the  4  p o s i t i o n   is  a l p h a - b r a n c h e d .  



i  33885 

xaims 

A  thermal   t r a n s f e r   p r i n t i n g   sheet   compris ing   a  s u b s t r a t e  

aving  a  coa t ing   compris ing   a  dye  of  the  f o r m u l a :  

r h e r e m  

Ring  A  is  u n s u b s t i t u t e d   or  c a r r i e s ,   in  the  2-  or  4 - p o s i t i o n   w i t h  

r e s p e c t   to  the  azo  l i nk ,   at  l e a s t   one  group  s e l e c t e d   f rom 

-CX3,  X1,  CN,  N02,  -OCG.Y,  -CO.Y,  -CO.H,  -OSC^.Y  and  - S O ^ Y ,  

provided  that   A  is  s u b s t i t u t e d   when  Z  is  CH3  and  R  i s  

C 2 _ 4 - a l k y l ;  
X  &  X1  are  each  i n d e p e n d e n t l y   h a l o g e n ;  

Y  is  s e l e c t e d   from  R1,  -OR1,  SR1  and  -NR  R  ; 
R1  is  s e l e c t e d   from  C ^ ^ - a l k y l ,   C ^ ^ - a l k y l   i n t e r r u p t e d   by  one 

or  two  groups  se±ec tea   irom  -u- ,   -^u-  ,  u . w -   , 

7 - C y c l o a l k y l ,   mono-  or  b i - c y c l i c   a ryl   and  C ^ - a l k y l e n  

a t t a c h e d   to  an  ad j acen t   carbon  atom  on  Ring  A; 

RZ  is  s e l e c t e d   from  H,  C ^ ^ - a l k y l ,   C ^ - c y c l o a l k y l   and  mono- 

or  b i - c y c l i c   a r y l ;  

Z  is  C1_12-a lkyl   or  phenyl;   and 

R  is  s e l e c t e d   from  C2_12-a lkyl   unbranched  in  the  a l p h a -  

p o s i t i o n ,   C2  12 -a lky l   unbranched  in  a l p h a - p o s i t i o n   and 

i n t e r r u p t e d   by  one  or  two  groups  s e l e c t e d   from  -0- ,   -CO-,  

O.CO-  and  -C0 .0 - ,   phenyl ,   C ^ - a l k y l p h e n y l ,   b ipheny l   and 

b iphenyl   i n t e r r u p t e d   by  a  group  s e l e c t e d   from  -0 - ,   -CO-,  

O.CO-  and  -C0 .0 - ,   each  of  which  is  free  from  hydrogen  a toms 

capable  of  i n t e r m o l e c u l a r   hydrogen  b o n d i n g .  
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I.  A  thermal   t r a n s f e r   p r i n t i n g   sheet   compris ing  a  s u D s x r a t e  

laving  a  coa t ing   compris ing   a  dye  of  the  f o r m u l a :  

LO 

15 

w h e r e i n  

Ring  A  is  u n s u b s t i t u t e d   or  c a r r i e s   one  or  two  s u b s t i t u e n t s   s e l e c t e d  

from  -CX3,  X1,  CN,  N02>  -OCO.Y,  -CO.Y,  -OSC^.Y  and  - S C y Y ,  

provided   tha t   A  is  s u b s t i t u t e d   when  Z  is  CH3  and  R  i s  

C 2 _ 4 - a l k y l ;  
X  &  X  are  each  i n d e p e n d e n t l y   h a l o g e n ;  

Y  is  s e l e c t e d   from  R 1 jk.  ana  -jnk.  k. 

20 

Z 

R 

is  s e l e c t e d   from  Cj_12-a i icy i ,   u ^ ^ - a x i c y x   mie tLu^Leu   uy  a. 

b r i d g i n g   group  s e l e c t e d   from  -0- ,   -CO-,  O.CO-  and  - C 0 . 0 - ,  

C3_7~cyclo  a lky l   and  mono-  or  b i - c y c l i c   a r y l ;  

is  s e l e c t e d   from  H,  C ^ ^ - a l k y l ,   C 3 _ ? - c y c l o a l k y l   and  mono- 

or  b i - c y c l i c   a r y l ;  

is  C1_12~alkyl;   and  

is  s e l e c t e d   from  phenyl ,   C  - a l k y l   unbranched  in  t h e  
d-lZ - a l k y l   unbranched  m  cne 

25 

3 .  

30 

a lpha-   and  b e t a - p o s i t i o n s ,   C2_12~alfcyi  unDrancnea  xn  a x p n d -  

and  be t a -   p o s i t i o n s   and  i n t e r r u p t e d   by  an  -0-  b r i d g i n g  

group  . 
3.  A  thermal   t r a n s f e r   p r i n t i n g   sheet   accord ing   to  Claim  1 

wherein  in  the  de f ined   dye :  

Ring  A  c a r r i e s   one  or  two  s u b s t i t u e n t s   in  the  2,  4  or  2  and  4 

p o s i t i o n s   s e l e c t e d   from  -CF3>  F,  CI,  CN,  N02,  -OCO.Y,  -CO.Y, 

CO.H,  -0S0. .Y  and  - S 0 „ . Y ;  
1 1 1   1 2  

Y  is  s e l e c t e d   from  R  ,  -OR  ,  SR  and  -NR  R  ; 
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is  s e l e c t e d   rrom  u ^ ^ - a i K y i ,   a  cuaxu  ui  cwu  U1  . . i ^ ^  

Cl  ^ - a l k y l   group,  c o n t a i n i n g   a  t o t a l   of  up  to  12  c a r b o n  

atoms,  l inked  by  groups  s e l e c t e d   from  -0- ,   -CO-,  O.CO-  and 

-C0 .0- ,   C3  - c y c l o a l k y l ,   phenyl  and  C ^ - a l k y l e n e   a t t a c h e d  

to  an  ad j acen t   carbon  atom  on  Ring  A; 
2  is  s e l e c t e d   from  C ^ ^ - a l k y l ,   C 3 _ 7 - c y c l o a l k y l   and  p h e n y l ;  

is  C1_4~n-a lkyl ;   and 

is  s e l e c t e d   from  C2_6~n-a lky l ,   phenyl  and  a  chain  of  two  o r  

three  C ^ - a l k y l   groups,   c o n t a i n i n g   a  t o t a l   of  up  t o  

12  carbon  atoms,  l inked  by  -0-  b r i d g i n g   g r o u p s .  

A  thermal   t r a n s r e r   p r i n t i n g   sneet   aucu iu iug   o j -d^   * 

llaim  3  wherein  in  the  def ined  dye :  

Ring  A  c a r r i e s   a  s u b s t i t u e n t   in  the  2  or  4  p o s i t i o n   s e l e c t e d   f rom 

F,  Cl,  CN,  N0_,  -CO.Y  and  -C0 .H;  
1 1 1  

Y  is  s e l e c t e d   from  R  ,  -OR  ,  -SR  ; 
R1  is  C,  ,  - a l k y l   or  a  chain  of  two  or  three   C.  ,  - a l k y l   g r o u p ,  

1-4  ^  1  H 
c o n t a i n i n g   a  t o t a l   of  up  to  12  carbon  atoms,  l inked  - 0 -  

g r o u p s ;  

i.  A  thermal   t r a n s f e r   p r i n t i n g   sheet   accord ing   to  Claim  1, 

;laim  3  or  Claim  4  wherein  in  the  def ined  dye :  

Ring  A  is  s e l e c t e d   from  4 - c h l o r o p h e n y l ,   2-f  l u o r o p h e n y l ,  

2 - n i t r o p h e n y l ,   2 - n i t r o - 4 - c h l o r o p h e n y l ,   2 - c y a n o p h e n y l ,  

4 -cyanopheny l ,   4-f  ormylphenyl ,   4 - a c e t y l p h e n y l ,   2 -me thoxy-  

c a r b o n y l p h e n y l ,   4 - ( 2 - m e t h o x y e t h o x y c a r b o n y l p h e n y l )   and 

4 - e t h y l t h i o c a r b o n y l p h e n y l   ; 

Z  is  methyl;   and 

R  is  C2_6-n -a lky l   or  C ^ a l k o x y - C ^ - n - a l k y l .  

6.  A  thermal   t r a n s r e r   p r i n t i n g   sneei.  dLuui.uj.u6  tu  

Claims  1  to  5  wherein  R  is  n -p ropy l   or  n - b u t y l .  



u in  33885 

7.  A  t r a n s f e r   p r i n t i n g   p rocess   which  comprises  c o n t a c t i n g   a  

t r a n s f e r   sheet   accord ing   to  any  one  of  Claims  1  to  6  with  a  r e c e i v e r  

shee t ,   so  tha t   the  dye  is  in  con tac t   with  the  r e c e i v e r   sheet   and 

s e l e c t i v e l y   hea t i ng   areas   of  the  t r a n s f e r   sheet   whereby  dye  in  t h e  

5  heated   areas   of  the  t r a n s f e r   sheet   may  be  t r a n s f e r r e d   to  the  r e c e i v e r  

s h e e t .  

8.  A  t r a n s f e r   p r i n t i n g   process   accord ing   to  Claim  7  wherein  t h e  

t r a n s f e r   sheet   is  hea ted   to  a  t empera tu re   from  300°C  to  400°C  for  a  

.0  pe r iod   from  1  to  10  m i l l i s e c o n d s   while  in  con tac t   with  the  r e c e i v e r  

s h e e t .  

9.  A  t r a n s f e r   p r i n t i n g   process   accord ing   to  Claim  7  or  Claim  8 

wherein   the  r e c e i v e r   sheet   is  white  p o l y e s t e r   f i l m .  
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