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Description 

Background  of  the  Invention 

5  This  invention  relates  to  a  binder-less  porous  donor  for  producing  a  dye  diffusion  thermal  transfer  image. 
A  dye  diffusion  thermal  transfer  system  is  broadly  used  because  it  can  produce  an  image  in  a  completely  dry  proc- 

ess  with  a  non-impact  system  using  digitalized  image  information,  the  produced  image  having  a  high  continuous  gra- 
dation.  In  this  system,  image  formation  has  hitherto  been  carried  out  by  bringing  a  donor  layer  comprised  of  dyes  and 
a  macromolecular  binder  fixed  on  a  donor  substrate  film  in  contact  with  a  receptor  layer  on  which  an  image  is  to  be 

10  formed,  bringing  a  thermal  head  into  contact  with  the  surface  of  the  donor  substrate  film  opposite  the  surface  on  which 
donor  layer  is  placed,  diffusing  the  dyes  in  the  donor  layer  onto  the  receptor  layer  perpendicularly  to  the  surface  of  the 
receptor  layer  by  the  thermal  energy  supplied  from  the  thermal  head,  and  then  fixing  the  dyes  thereon.  This  system  is 
schematically  illustrated  in  Fig.  1  . 

Such  systems  are  disclosed,  for  example,  in  Japanese  Unexamined  Patent  Publication  (Kokai)  Nos.  3-13386,  3- 
15  65394,  3-65395,  and  3-86589.  In  conventional  films  using  binders,  a  high  affinity  between  the  dyes  and  the  binder  is 

required  in  order  to  sufficiently  diffuse  the  dyes  in  the  donor  layer.  If  the  affinity  is  high,  a  high  thermal  energy  is  required 
for  diffusing  the  dyes  into  the  receptor  layer.  An  energy  threshold  of  diffusion  of  the  dyes  also  exists.  Thus,  it  is  difficult 
to  form  an  image  having  both  a  high  continuous  gradation  and  a  high  optical  density  at  a  low  thermal  energy. 

US  4  847  144  discloses  a  film  suitable  for  producing  a  dye  diffusion  thermal  transfer  image  comprising  dyes  local- 
20  ized  in  pores  of  a  porous  ink  layer  comprising  a  binder  which  is  a  thermofusible  material  solid  at  room  temperature. 

Summary  of  the  Invention 

Accordingly,  the  present  invention  provides  a  donor  film  that  allows  the  dyes  to  be  diffused  at  a  low  thermal  energy, 
25  entails  no  energy  threshold  to  the  thermal  diffusion  of  dyes,  and  is  capable  of  forming  an  image  having  a  high  continu- 

ous  gradation  even  in  a  wide  optical  density  range. 
In  accordance  with  the  present  invention,  a  donor  layer  is  formed  by  physically  locating  diffusible  dyes  in  the  pores 

of  a  porous  film  having  a  pore  size  between  20  and  400  Gurley.  By  eliminating  the  need  for  a  binder,  the  porous  film  of 
the  present  invention  allows  the  dyes  contained  therein  to  be  diffused  onto  the  receptor  layer  at  a  low  thermal  energy 

30  without  entailing  any  thermal  threshold. 
Thus,  the  present  invention  provides  a  film  for  producing  a  dye  diffusion  thermal  transfer  image  comprising  diffusi- 

ble  dyes  physically  located  in  the  pores  of  a  porous  film  having  a  pore  size  between  20  and  400  Gurley  and  wherein  the 
porous  film  contains  no  binder. 

The  present  invention  further  provides  a  process  for  the  thermal  diffusion  transfer  of  a  color  image,  comprising  plac- 
35  ing  a  color  thermal  diffusion  dye  donor  sheet  in  intimate  association  with  a  receptor  sheet,  and  heating  said  donor  sheet 

in  a  desired  pattern  at  a  sufficient  temperature  (and  pressure)  to  transfer  the  dyes  from  the  donor  sheet  to  the  receptor 
sheet.  The  donor  sheet  comprises  a  porous  polymeric  material  having  a  thermally  diffusible  dye  located  within  the 
pores  of  the  said  porous  material.  Advantageously,  the  donor  sheet  contains  no  binder. 

40  Brief  Description  of  the  Drawings 
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1  shows  a  construction  of  a  general  donor  film  and  a  comparative  image  forming  system. 
2  shows  the  lamination  condition  of  the  type  1  laminated  film  of  this  invention  during  the  course  of  production. 
3  shows  one  embodiment  of  the  image  forming  system  to  which  the  donor  film  of  this  invention  is  applied. 
4  shows  another  embodiment  of  the  image  forming  system  to  which  the  donor  film  of  this  invention  is  applied. 
5  shows  a  relation  between  burn  time  and  the  image  density  obtained  in.  Example  1  . 
6  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Comparative  Example  1  . 
7  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Comparative  Example  2. 
8  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Example  2. 
9  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Comparative  Example  3. 
10  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Comparative  Example  4. 
1  1  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Comparative  Example  5. 
12  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Comparative  Example  6. 
13  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Example  3. 
14  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Example  4. 
15  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Example  5. 
16  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Example  6. 
17  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Example  7. 
18  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Example  8. 
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Fig.  19  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Example  9. 
Fig.  20  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Example  10. 
Fig.  21  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Example  1  1  . 
Fig.  22  shows  a  relation  between  burn  time  and  the  image  density  obtained  in  Example  12. 

5 
Detailed  Description  of  the  Preferred  Embodiments 

The  porous  films  which  can  be  used  in  this  invention  include,  for  example,  films  made  out  of  polyethylene,  polypro- 
pylene,  polyester,  and  polycarbonate,  and  thin  paper.  The  film  thickness  is  in  the  range  of  10  urn  to  25  urn,  preferably 

10  14  urn  to  20  urn.  The  pore  size  expressed  in  a  Gurley  value  is  in  the  range  of  20-400.  Typical  examples  of  the  porous 
films  which  can  be  used  are  Polyethylene  film  #06106-5,  Polypropylene  film  17770-28,  Polypropylene  film  #770-2S, 
Polypropylene  film  #770-3S,  Polypropylene  film  #770-4S,  Polypropylene  film  #770-6S,  Polypropylene  film  #739-2B  (all 
produced  by  3M  Company),  and  the  like. 

The  pore  size  of  the  porous  film  is  between  20  and  400  Gurley.  If  this  value  is  more  than  400,  it  becomes  difficult 
15  to  introduce  dyes  into  the  pores.  If  this  value  is  less  than  20,  the  resolution  of  the  image  is  lowered. 

In  this  invention,  cyan  dyes,  magenta  dyes,  yellow  dyes,  and  any  other  conventional  dyes  can  be  used.  For  accom- 
modating  these  dyes  in  the  porous  film,  for  example,  these  dyes  may  be  dissolved  in  an  appropriate  solvent  such  as  an 
organic  solvent,  e.g.  tetrahydrofuran,  methylethylketone,  or  ethyl  alcohol,  the  solution  being  applied  on  one  or  both 
sides  of  the  film  by  any  conventional  means,  such  as  a  Meyer  bar™  or  a  knife  coater.  Instead  of  coating,  the  porous  film 

20  may  be  immersed  in  a  dye  solution.  Subsequent  drying  for  the  removal  of  the  solvent  accomplishes  the  formation  of  the 
donor  layer.  Since  the  solvent  does  not  contain  a  binder,  the  dyes  are  not  accompanied  by  a  binder.  Thus,  the  dyes  are 
captured  in  the  pores  in  a  binder-fee  state,  thereby  eliminating  the  aforementioned  problems  associated  with  the  use  of 
binders  in  dye  diffusion  thermal  transfer  systems.  The  overall  concentration  of  dyes  in  the  above-mentioned  dye  solu- 
tion  depends  on  the  type  of  dye,  but  is  generally  in  the  range  of  1  -1  0%  by  weight,  preferably  2-7%  by  weight. 

25  In  a  preferred  embodiment  of  this  invention,  for  the  purpose  of  enhancing  the  mechanical  strength  of  the  porous 
film  of  the  present  invention,  a  protective  layer  is  placed  on  the  surface  of  the  above-mentioned  porous  film  opposite  the 
surface  on  which  the  donor  layer  is  placed  (in  the  case  where  the  donor-layer  is  formed  on  only  one  of  the  surfaces  of 
the  porous  film).  The  protective  layer  may  be  very  thin,  and  have  a  thickness  in  the  range  of  1  urn  to  10  urn,  preferably 
1  nm  to  3  urn. 

30  The  protective  layer  serves  to  prevent  thermal  influences  from  the  thermal  head,  i.e.,  to  prevent  the  thermal  fusion 
of  the  porous  film,  and  can  be  formed  by  applying  a  solution  of  polymer  having  a  high  glass  transition  temperature  on 
the  surface  of  the  porous  film  opposite  the  surface  having  the  donor  layer  placed  thereon,  followed  by  drying.  The  pol- 
ymers  that  can  be  used  for  this  purpose  are  polyvinyl  alcohol,  polyvinylpyrrolidone,  and  the  like.  Any  solvent  can  be 
used  for  this  purpose  as  long  as  it  can  dissolve  the  polymer  to  be  used.  For  example,  water,  a  mixture  of  water  with  a 

35  hydrophilic  organic  solvent,  or  the  like  can  be  used.  The  concentration  of  the  polymer  in  the  solvent  is  1  -1  0%  by  weight, 
preferably  3-5%  by  weight.  For  the  formation  of  the  protective  layer  by  the  above-mentioned  method,  after  applying  the 
dye  solution  on  one  side  of  the  porous  film,  followed  by  drying,  the  solution  of  the  polymer  for  the  protective  film  may  be 
applied  on  the  other  side  of  the  porous  film,  and  then  dried. 

The  protective  layer  may  also  be  formed  by  laminating  a  thin  film  on  the  porous  film.  As  this  film,  a  polyethylene 
40  terephthalate  (PET)  film,  a  polyethylene  naphthalate  (PEN)  film,  a  polyimide  film,  a  polyamide  film,  a  polycarbonate  film, 

or  the  like  can  be  used. 
The  receptor  film  which  can  be  applied  to  the  donor  film  of  this  invention  is  comprised  of  a  substrate  film  and  a 

receptor  layer  formed  on  the  surface  thereof.  The  receptor  layer  is,  for  example,  comprised  of  a  layer  of  polyvinyl  chlo- 
ride,  a  copolymer  of  vinyl  chloride  and  vinyl  acetate,  polyester,  polycarbonate,  etc.  The  receptor  layer  can  be  formed  by 

45  dissolving  one  of  these  materials  in  an  appropriate  solvent,  and  then  applying  the  solution  on  the  substrate  film,  fol- 
lowed  by  drying.  Any  conventional  substrate  film  can  be  used. 

Advantageously,  the  porous  donor  film  of  the  present  invention  allows  the  diffusion  of  dyes  to  be  carried  out  at  a 
low  thermal  energy.  As  a  result,  an  image  with  a  high  continuous  gradation,  even  in  the  case  of  a  low  optical  density, 
can  be  formed.  Also,  the  service  life  of  the  thermal  head  can  be  extended. 

so  In  order  for  the  invention  to  be  more  readily  understood,  reference  is  made  to  the  following  non-limiting  examples 
and  comparative  examples. 

(1)  Dye  Mixture  Preparation 

55  Dye  mixtures  were  prepared  by  dissolving  the  following  dyes  in  tetrahydrofuran  (THF)  and  then  mixing  them, 
respectively.  Each  concentration  of  the  dye  was  adjusted  to  5%  by  weight.  Each  of  the  dye  formulas  are  set  forth  below. 

3 
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1  .  Cyan  dye  mixture: 
4  g  of  #1  dye  solution  (a  solution  of  Foron  Brilliant  Blue™,  produced  by  Sandoz,  U.S.A.  [see  Formula  1])  +  5  g  of  #2 
dye  solution  (produced  by  3M,  U.S.A.  [see  Formula  2]) 
2.  Magenta  dye  mixture: 
3  g  of  #3  dye  solution  (a  solution  of  HSR-31™  produced  by  Mitsubishi  Chemical  Industries  Limited  [See  Formula 
3])  +  3  g  of  #4  dye  solution  (produced  by  3M,  U.S.A.  [See  Formula  4]) 
3.  Yellow  dye  mixture: 
2  g  of  #5  dye  solution  (a  solution  of  MQ-452™  produced  by  Nippon  Kayaku  Co.  Ltd.  [See  Formula  5])  +  1  g  of  #6 
dye  solution  (produced  by  3M,  U.S.A  [See  Formula  6])  +  1  g  of  #7  dye  solution  (produced  by  3M,  U.S.A  [See  For- 
mula  7]) 

#1  D y e  

(Formula  1) 

#2  D y e  

(Formula  2) 

OH  0  
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#3  D y e  

5 

(Formula  3) 
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#4  D y e  

20 
O  N H .  

25 (Formula  4) 
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(2)  Donor  Layer  Preparation 

Properties  of  the  films  used  are  as  shown  in  Table  1  . 

Table  1 

Material  Tm  Thickness  Gurley  (s/50cm3 
(°C)  (urn)  cc  air) 

Polyethylene  film  #061  01  -5  124-131  14  19 

Polypropylene  film  #770-28  163-167  20  10 

Polypropylene  film  #770-2S  159-163  25  400 

Polypropylene  film  #770-3S  158-163  17  240 

Polypropylene  film  #770-4S  158-162  15  400 

Polypropylene  film  #770-6S  155-160  10 

Polypropylene  film  #739-2B  158-162  20  34 

Paper  -  22 

Seven  types  of  the  porous  donor  film  were  produced. 

Type  1 

Porous  polyethylene  film  #0610-5  (from  3M,  U.S.A)  was  placed  on  a  paper,  and  a  solution  of  dye  mixture  in  THF 
was  coated  on  the  film  using  a  #IO  Meyer  bar™.  After  being  dried  at  65°C  for  20  minutes,  an  aqueous  5%  by  weight 
solution  of  polyvinyl  alcohol  having  a  polymerization  degree  of  2000  was  coated  on  the  surface  which  was  not  dye- 
coated  using  a  #IO  Meyer  bar™,  and  dried  again  under  the  same  conditions. 

Type  2 

A  porous  donor  film  using  porous  polyethylene  film  #0610-5  (from  3M,  U.S.A)  was  prepared  in  the  same  manner 
as  that  in  type  1  .  A  3.5  urn  thick  PET  film  was  laminated  thereon  instead  of  coating  it  with  polyvinyl  alcohol.  The  lami- 
nation  was  carried  out  using  a  laminator  produced  by  Gunma  Ushio  at  1  10°C  at  a  speed  of  9.5  mm/s.  The  film  lamina- 
tion  process  is  shown  in  Fig.  2. 

Type  3 

A  porous  polyethylene  film  #06101-5  (from  3M,  U.S.A)  was  placed  on  a  3.5  urn  thick  PET  film,  and  a  dye  mixture 
in  THF  was  coated  on  the  surface  thereof  using  a  #IO  Meyer  bar™.  It  was  then  dried  at  65°C  for  20  minutes. 

Type  4 

A  porous  polyethylene  film  #06101-5  (from  3M,  U.S.A)  was  dipped  in  a  solution  of  magenta  dye  mixture  in  THF. 
After  dried  at  65°C  for  20  minutes,  the  3.5  mm  thick  PET  film  was  laminated  on  a  surface  thereof  as  mentioned  under 
type  2. 

Type  5 

Porous  polypropylene  films  (#770-28,  #770-2S,  #770-3S,  #770-4S,  #770-6S,  and  #739-2B,  all  from  3M,  U.S.A) 
were  prepared  in  the  same  manner  as  that  in  type  1  . 
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Type  6 

A  porous  polypropylene  film  #770-2S  was  prepared  in  the  same  manner  as  that  in  type  1  ,  but  the  film  did  not  have 
the  PVOH  film  layer.  Furthermore,  when  printing,  neither  an  anti-stick  agent  nor  a  slipping  agent  for  the  thermal  head 
was  used. 

Type  7 

A  donor  film  was  prepared  by  using  thin  paper,  and  it  was  evaluated. 
All  samples  with  the  exception  of  the  donor  films  used  in  type  6  and  type  7  were  coated  on  the  opposite  surface  of 

the  dye-coated  surface  with  a  2%  silicon  grease  in  toluene,  in  order  to  prevent  sticking  by  the  thermal  head,  and  the 
grease  was  then  wiped  off  gently. 

(3)  Receptor  Layer  Preparation 

A  polyvinyl  chloride  (PVC)  resin  from  Mitsubishi  Kasei  Vinyl  was  dissolved  in  tetrahydrofuran  (THF)  to  prepare  a 
5%  weight  PVC  solution.  Separately,  a  solution  of  an  anti-blocking  agent  (5%  by  weight  of  FC430™,  from  3M,  U.S.A., 
in  THF)  was  prepared.  The  mixed  solution  prepared  therefrom  (1  0  g  of  the  PVC  solution  +  0.5  g  of  the  FC430™  solution) 
was  coated  on  the  surface  of  a  4  mil  (0.  1  mm)  thick  polyethyleneterephthalate  (PET)  film  using  a  #20  Meyer  bar™.  After 
being  dried  at  65°C  for  20  minutes,  this  film  was  used  as  a  receptor  film. 

(4)  Thermal  Printer  and  Printing  Conditions 

A  thermal  printer  having  a  200  dpi  (500  dots  per  cm),  13.4  cm  width  thermal  head  (from  3M,  U.S.A.)  was  employed 
to  carry  out  printing  evaluations.  For  applying  pressure,  a  1  .95  kg  weight  was  placed  on  the  thermal  head.  Fig.  1  ,  Fig. 
3  and  Fig.  4  schematically  show  the  various  imaging  configurations  used  to  carry  out  the  examples  and  comparative 
examples  set  forth  below.  Figs  3  and  4  are  in  accordance  with  the  present  invention.  The  imaging  process  was  carried 
out  in  eight  steps  by  varying  the  voltage  applied  to  the  thermal  head.  The  burn  times  and  thermal  energies  are  shown 
in  the  following  table  2. 

Table  2 

Step  1  2  3  4  5  6  7  8 

BurnTime/ms  0.56  1.12  1.68  2.24  2.80  3.36  3.92  4.48 

Thermal  Energy/J/cm2  at  1  1  .5  Volts  0.49  0.99  1  .49  1  .99  2.49  2.99  3.49  3.98 

Thermal  Energy/J/cm2  at  14.0  Volts  0.73  1.47  2.21  2.95  3.69  4.43  5.17  5.91 

Thermal  Energy/J/cm2  at  17.0  Volts  1.08  2.17  3.26  4.35  5.44  6.53  7.62  8.71 

(5)  Image  density  evaluation 

In  order  to  measure  an  optical  transmission  density,  a  densitometer,  (Macbeth  TR924™,  from  Macbeth  Process 
Measurement,  U.S.A.)  was  utilized.  A  type  filters  were  used. 

Example  1 

The  porous  donor  films  (type  1)  were  tested  using  a  thermal  printer  at  an  applied  voltage  of  1  1  .5  volts,  and  a  linear 
image  gradation  was  attained.  The  result  is  shown  in  Fig.  5.  When  more  than  1  1.5  volts  was  applied,  the  donor  films 
were  partially  melted  by  the  heat.  These  donor  films  did  not  stick  nor  did  they  cause  transfer  of  the  dye  mixture  to  the 
receptor  layer  upon  the  application  of  pressure  only. 

Comparative  Example  1 

Three  types  of  ink  ribbon  having  different  dyes  (cyan,  magenta,  and  yellow)  were  produced.  First,  dye  solutions 
comprised  of  dyes,  cellulose  acetate,  an  anti-blocking  agent  and  MEK  were  coated  on  the  surface  of  a  6  urn  thick  PET 
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film  using  a  #10  Meyer  bar™,  and  then  dried  at  60°C  for  10  minutes  in  an  oven.  Thereafter,  an  ink  ribbon  which  is  a 
donor  layer  of  5  nm  thickness  was  evaluated  in  the  same  manner  as  that  of  Example  1  .  They  showed  a  low  sensitivity 
to  the  applied  thermal  energy  in  comparison  with  those  of  the  donor  films  (type  1).  The  result  is  shown  in  Fig.  6.  As  illus- 
trated,  they  required  higher  energies  for  dye  diffusion  in  comparison  with  type  1  films.  Moreover,  the  magenta  ink  ribbon 

5  carried  out  the  transfer  of  the  color  material  to  the  receptor  by  the  application  of  pressure  only. 

Comparative  Example  2 

Three  types  of  dye  mixed  solutions  were  coated  on  the  surface  of  a  6  nm  thick  PET  film  using  a  #10  Meyer  bar™, 
10  and  then  dried  to  prepare  cyan,  magenta,  and  yellow  ink  ribbons.  Thereafter,  they  were  evaluated  in  the  same  manner 

as  that  of  Example  1  .  The  result  is  shown  in  Fig.  7.  They  showed  almost  no  gradation.  The  magenta  ink  ribbon  demon- 
strated  an  apparent  gradation,  but  the  printed  images  showed  the  transfer  of  a  solid  dye.  Almost  all  of  the  images  were 
produced  by  mass  transfer. 

15  Example  2 

For  improving  the  heat  performance,  type  2  donor  films  were  chosen.  The  printing  conditions  were  the  same  as 
those  of  Example  1,  except  for  applied  voltage,  the  voltage  being  increased  from  11.4  volts  to  14.0  volts.  The  optical 
densities  of  the  printed  images  are  clearly  in  a  good  linear  relation  to  the  thermal  energy  applied  from  the  thermal  head 

20  as  in  Example  1  .  The  results  are  shown  in  Fig.  B. 
Moreover,  the  sensitivity  to  dye  diffusion  remained  high,  and  dye  transfer  to  the  receptor  layer  due  to  pressure  only 

was  not  observed. 

Comparative  Example  3 
25 

Three  types  of  ink  ribbons  as  shown  in  Fig.  I  were  prepared  using  the  same  dyes  and  examined  in  the  same  man- 
ner  as  in  Example  2.  The  result  is  shown  in  Fig.  9.  The  magenta  ink  ribbon  showed  a  better  thermal  sensitivity  than  the 
others,  but  the  dye  transfer  to  the  receptor  layer  because  of  pressure  was  shown  and,  thus,  the  Dmin  was  raised.  The 
cyan  ink  ribbon  was  sticking  to  the  receptor  layer  at  the  7th  or  more  level.  Their  total  thermal  sensitivities  were  lower 

30  than  that  of  type  2  donor  film. 

Comparative  Example  4 

Three  commercially  available  ink  ribbons  (from  A  company)  were  examined  in  the  same  manner  as  in  Example  2. 
35  The  result  is  shown  in  Fig.  10.  Their  thermal  sensitivities  were  low  except  for  the  yellow  ribbon. 

Comparative  Example  5 

Three  commercially  available  ink  ribbons  (from  B  company)  were  examined  in  the  same  manner  as  in  Example  2. 
40  The  result  is  shown  in  Fig.  1  1  .  All  of  the  ribbons  had  low  thermal  sensitivities,  and  the  range  of  the  image  density  from 

Dmax  to  Dmin  was  too  narrow. 

Comparative  Example  6 

45  Three  commercially  available  ink  ribbons  (from  C  company)  were  examined  in  the  same  manner  as  in  Example  2. 
The  result  is  shown  in  Fig.  12.  They  also  had  low  thermal  sensitivities,  and  covered  a  narrow  image  density  range. 

Example  3 

so  Porous  donor  films  (type  3)  were  prepared  to  increase  the  range  between  Dmax  and  Dmin  of  the  image  production. 
The  printing  conditions  were  the  same  as  those  of  Example  2.  Their  optical  densities  are  in  a  linear  relation  to  the 
applied  thermal  energy.  The  energy  requirement  for  the  cyan  image  was  5.1  Joule/cm2  and  those  for  the  magenta  and 
yellow  images  were  5.9  Joule/cm2.  The  result  is  shown  in  Fig.  1  3.  These  values  are  quite  a  bit  smaller  than  those  of  the 
commercially  available  type  donor  films. 

55 
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Example  4 

Porous  donor  films  (type  4)  were  examined  in  the  same  manner  as  that  in  Example  2.  The  image  gradation  was 
also  observed.  The  result  is  shown  in  Fig.  14.  From  this  example,  it  can  be  considered  that  there  is  no  need  for  a  special 

5  coater  for  producing  the  donor  films.  Only  the  process  of  dipping  the  porous  film  into  the  dye  solution  is  required. 

Example  5 

Porous  polypropylene  film  (type  5,  #770-28,  from  3M,  U.S.A.)  was  evaluated  in  the  same  manner  as  that  in  Exam- 
10  pie  1  ,  except  that  the  applied  voltage  was  increased  to  1  7.0  volts.  As  a  result,  it  was  found  that  the  optical  densities  on 

a  receptor  layer  were  in  linear  relation  to  the  applied  thermal  energy  during  the  printing.  The  result  is  shown  in  Fig.  15. 

Example  6 

15  Porous  polypropylene  films  (type  5,  #770-2S,  from  3M,  U.S.A.),  were  evaluated  in  the  same  manner  as  that  in 
Example  5.  The  result  demonstrates  that  the  optical  densities  of  the  printed  images  on  a  receptor  layer  showed  grada- 
tion.  Furthermore,  they  were  changed  in  linear  relation  to  the  applied  thermal  energy.  The  result  is  shown  in  Fig.  16. 

Example  7 
20 

When  type  6  porous  polypropylene  films  (#770-2S)  were  evaluated  in  the  same  manner  as  that  in  Example  5,  sub- 
stantially  the  same  results  as  those  in  Example  6  were  obtained.  The  result  is  shown  in  Fig.  1  7.  The  result  indicates  that 
the  basic  thermal  diffusion  of  dye  from  the  donor  layer  into  the  pores  of  the  receptor  layer  can  be  carried  out  by  using 
the  donor  as  shown  in  Fig.  4,  not  requiring  a  polyvinyl  alcohol  or  PET  film  as  shown  in  Fig.  3. 

25 
Example  8 

When  type  5  porous  polypropylene  films  (#739-2B,  from  3M,  U.S.A.)  were  evaluated  in  the  same  manner  as  that  in 
Example  5,  optical  densities  of  the  printed  images  on  a  receptor  layer  showed  gradation,  and  were  in  linear  relation  to 

30  the  applied  thermal  energy.  The  result  is  shown  in  Fig.  18. 

Example  9 

When  type  5  porous  polypropylene  films  (#770-3S,  from  3M,  U.S.A.)  were  evaluated  in  the  same  manner  as  that 
35  in  Example  5,  optical  densities  of  the  printed  images  on  a  receptor  layer  showed  gradation,  and  were  in  linear  relation 

to  the  applied  thermal  energy.  The  result  is  shown  in  Fig.  19. 

Example  10 

40  When  type  5  porous  polypropylene  films  (#770-4S,  from  3M,  U.S.A.)  were  evaluated  in  the  same  manner  as  that 
in  Example  5,  optical  densities  of  the  printed  images  on  a  receptor  layer  showed  gradation,  and  were  in  linear  relation 
to  the  applied  thermal  energy.  The  result  is  shown  in  Fig.  20. 

Example  1  1 
45 

When  type  5  porous  polypropylene  films  (#770-6S,  from  3M,  U.S.A.)  were  evaluated  in  the  same  manner  as  that 
in  Example  5,  optical  densities  of  the  printed  images  on  a  receptor  layer  showed  gradation,  and  were  in  linear  relation 
to  the  applied  thermal  energy.  The  results  are  shown  in  Fig.  21  . 

so  Example  12 

Type  7  magenta  dye-coated  thin  papers  were  evaluated  in  the  same  manner  as  that  in  Example  5.  The  results  are 
shown  in  Fig.  22,  demonstrating  that  a  film  not  entailing  deformation,  shrinkage,  or  melting  of  minute  pores  due  to  the 
heat  application  can  also  be  used  as  a  donor  containing  no  binder. 

55  As  described  previously,  all  of  the  donor  films  of  this  invention  showed  a  good  proportional  relation  between  the 
burn  time  and  the  image  density,  and  also  showed  very  good  gradation. 

10 
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Claims 

1  .  A  film  for  producing  a  thermal  dye  diffusion  thermal  transfer  image  comprising  thermally  diffusible  dyes  physically 
located  in  pores  of  a  porous  film  characterized  in  that  the  Gurley  value  of  the  porous  film  is  between  20  and  400 

5  seconds  per  50  cubic  centimeters  of  air,  said  porous  film  containing  no  binder. 

2.  A  film  according  to  claim  1  ,  wherein  said  porous  film  is  a  porous  polyethylene  film  or  a  porous  polypropylene  film. 

3.  A  film  according  to  claim  1  or  2,  wherein  a  protective  layer  is  applied  or  laminated  on  one  surface  of  said  porous 
10  film. 

4.  A  process  for  the  thermal  diffusion  transfer  of  a  color  image,  comprising  placing  a  color  thermal  diffusion  dye  donor 
sheet  in  intimate  association  with  a  receptor  sheet,  and  heating  said  donor  sheet  in  a  desired  pattern  at  a  sufficient 
temperature  to  transfer  the  dyes  from  the  donor  sheet  to  the  receptor  sheet,  said  process  being  characterized  in 

15  that  said  donor  sheet  comprises  a  porous  polymeric  material  according  to  any  one  of  claims  1  to  3. 

5.  A  process  for  the  thermal  diffusion  transfer  of  a  color  image,  comprising  placing  a  color  thermal  diffusion  dye  donor 
sheet  in  intimate  association  with  a  receptor  sheet,  and  heating  said  donor  sheet  in  a  desired  pattern  at  a  sufficient 
temperature  and  pressure  to  transfer  the  dyes  from  the  donor  sheet  to  the  receptor  sheet,  said  process  being  char- 

20  acterized  in  that  said  donor  sheet  comprises  a  porous  polymeric  material  according  to  any  one  of  claims  1  to  3. 

Patentanspruche 

1.  Film  zur  Herstellung  eines  Thermo-Farbdiffusions-Warmeiibertragungsbildes  mit  thermisch  diffundierbaren  Far- 
25  ben,  die  physisch  in  Poren  eines  porosen  Films  angeordnet  sind,  dadurch  gekennzeichnet,  daB  der  Gurley-Wert 

des  porosen  Films  zwischen  20  und  400  Sekunden  pro  50  Kubikzentimeter  Luft  betragt,  wobei  der  porose  Film  kein 
Bindemittel  enthalt. 

2.  Film  nach  Anspruch  1  ,  bei  dem  der  porose  Film  ein  poroser  Polyethylenf  ilm  oder  ein  poroser  Polypropylenf  ilm  ist. 
30 

3.  Film  nach  Anspruch  1  oder  2,  bei  dem  eine  Schutzschicht  auf  eine  Flache  des  porosen  Films  aufgebracht  oder 
laminiert  ist. 

4.  Verfahren  zur  Thermodiffusionsiibertragung  eines  Farbbildes,  mit  den  Schritten  des  Anordnens  einer  Farb-Ther- 
35  modiffusions-Farbstoffgeberbahn  in  enger  Verbindung  mit  einer  Rezeptorbahn  und  des  Enwarmens  der  Farbstoff- 

geberbahn  nach  einem  gewiinschten  Muster  mit  einer  fur  die  Ubertragung  der  Farben  von  der  Farbstoffgeberbahn 
auf  die  Rezeptorbahn  ausreichenden  Temperatur,  wobei  das  Verfahren  dadurch  gekennzeichnet  ist,  daB  die  Farb- 
stoffgeberbahn  ein  poroses  polymeres  Material  nach  einem  der  Anspriiche  1  bis  3  aufweist. 

40  5.  Verfahren  zur  Thermodiffusionsiibertragung  eines  Farbbildes,  mit  den  Schritten  des  Anordnens  einer  Farb-Ther- 
modiffusions-Farbstoffgeberbahn  in  enger  Verbindung  mit  einer  Rezeptorbahn  und  des  Erwarmens  der  Farbstoff- 
geberbahn  nach  einem  gewiinschten  Muster  mit  einer  fur  die  Ubertragung  der  Farben  von  der  Farbstoffgeberbahn 
auf  die  Rezeptorbahn  ausreichenden  Temperatur  und  einem  solchen  Druck,  wobei  das  Verfahren  dadurch  gekenn- 
zeichnet  ist,  daB  die  Farbstoffgeberbahn  ein  poroses  polymeres  Material  nach  einem  der  Anspriiche  1  bis  3  auf- 

45  weist 

Revendications 

1.  Film  destine  a  produire  une  image  par  transfert  thermique  par  diffusion  thermique  de  colorant,  comprenant  des 
so  colorants  pouvant  subir  une  diffusion  thermique,  localises  dans  les  pores  d'un  film  poreux,  caracterise  en  ce  que 

la  valeur  Gurley  du  film  poreux  est  comprise  entre  20  et  400  secondes  par  50  cm3  d'air,  ledit  film  poreux  ne  conte- 
nant  pas  de  liant. 

2.  Film  selon  la  revendication  1  ,  dans  lequel  le  film  poreux  est  un  film  de  polyethylene  poreux  ou  un  film  de  polypro- 
55  pylene  poreux. 

3.  Film  selon  la  revendication  1  ou  2,  dans  lequel  une  couche  protectrice  est  appliquee  ou  contrecollee  sur  une  sur- 
face  du  film  poreux. 
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Procede  de  transfert  par  diffusion  thermique  d'une  image  en  couleurs,  qui  consiste  a  placer  une  feuille  emettrice 
de  colorant  de  diffusion  thermique  en  couleur  en  association  intime  avec  une  feuille  receptrice,  et  a  chauffer  ladite 
feuille  emettrice  selon  un  schema  voulu,  a  une  temperature  suffisante  pour  transferer  les  colorants  de  la  feuille 
emettrice  a  la  couche  receptrice,  le  procede  etant  caracterise  en  ce  que  la  feuille  emettrice  comprend  un  materiau 
polymere  poreux  selon  I'une  quelconque  des  revendications  1  a  3. 

Procede  de  transfert  par  diffusion  thermique  d'une  image  en  couleurs,  qui  consiste  a  placer  une  feuille  emettrice 
de  colorant  de  diffusion  thermique  en  couleur  en  association  intime  avec  une  feuille  receptrice,  et  a  chauffer  ladite 
feuille  emettrice  selon  un  schema  voulu,  a  une  temperature  et  a  une  pression  suffisantes  pour  transferer  les  colo- 
rants  de  la  feuille  emettrice  a  la  couche  receptrice,  le  procede  etant  caracterise  en  ce  que  la  feuille  emettrice  com- 
prend  un  materiau  polymere  poreux  selon  I'une  quelconque  des  revendications  1  a  3. 
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