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(b̂   Process  for  forming  fixed  images. 
  By  means  of  a  toner  powder  comprising  crystalline 
polyester  resin  having  a  melting  point  between  50  and  100°C, 
a  powder  image  is  formed  on  a  medium  whose  surface 
consists  of  a  material  having  a  lower  affinity  forthe  softened 
toner  powder  than  an  image  receiving  material.  The  powder 
image  is  transferred  to  the  image  receiving  material  by 
pressing  the  image  receiving  material  against  the  image 
bearing  medium.  Before  and/or  during  the  pressure  contact 
between  the  medium  and  the  image  receiving  material,  the 
powder  image  is  softened  by  heat. 



This  i nven t ion   r e l a t e s   to  a  process   for  forming  fixed  images 

on  image  r e c e i v i n g   m a t e r i a l ,   in  which  by  means  of  toner   powder 

compris ing  t h e r m o p l a s t i c   r e s i n ,   an  image  is  app l i ed   to  a  medium 

whose  sur face   c o n s i s t s   of  m a t e r i a l   having  a  lower  a f f i n i t y   for  t h e  

so f t ened   toner  powder  than  the  image  r e c e i v i n g   m a t e r i a l ,   and  t h e  

toner   powder  is  t r a n s f e r r e d   by  p ressure   to  the  image  r e c e i v i n g  

m a t e r i a l , t h e   toner   powder  being  sof tened   by  heat  before  a n d / o r  

during  passage  through  the  p ressure   zone .  

A  process   of  th i s   kind  is  descr ibed   i n t e r   a l i a   in  UK  P a t e n t  

S p e c i f i c a t i o n   1  245  426  and  US  Patent   S p e c i f i c a t i o n s   3  554  836  and 

3  893  761.  In  these  p r o c e s s e s ,   a  powder  image  formed,  for  example ,  

on  a  pho toconduc t ive   or  magne t i sab le   image  r e co rd ing   m a t e r i a l   i s  

t r a n s f e r r e d   by  p re s su re   to  a  medium,  the  su r f ace   of  which  c o n s i s t s  

of  a  ma te r i a l   having  a  low  a f f i n i t y   for  the  so f t ened   powder,  e . g .  

s i l i c o n e   rubber .   The  powder  image  is  then  t r a n s f e r r e d   to  image 

r e c e i v i n g   m a t e r i a l ,   again  by  a p p l i c a t i o n   of  p r e s s u r e ,   the  powder 

being  sof tened  by  heat  before  and/or  during  passage  through  t h e  

p ressure   zone,  so  tha t   i t   acqui res   viscous  p r o p e r t i e s   such  t h a t ,  

as  a  r e s u l t   of  the  p re s su re   exerted  on  i t , i t   forms  a  c o h e s i v e  

l aye r   which,  p r e f e r a b l y   at  l e a s t   p a r t i a l l y ,   p e n e t r a t e s   into  t h e  

image  r ece iv ing   m a t e r i a l .   After  cool ing ,   the  image  is  p e r m a n e n t l y  

bonded  to  the  image  r e c e i v i n g   m a t e r i a l .   The  powder  is  heated  by 

hea t ing   the  medium  on  which  the  powder  image  is  s i t u a t e d   b e f o r e  

t r a n s f e r   to  the  image  r e c e i v i n g   m a t e r i a l ,   and  p o s s i b l y   by  h e a t i n g  

the  image  r e c e i v i n g   m a t e r i a l   i t s e l f .   In  doing  so  the  t e m p e r a t u r e  

is  so  c o n t r o l l e d   tha t   the  powder  so f t ens   s u f f i c i e n t l y   to  be 

capable  of  deforming  and  being  pressed  into  the  image  r e c e i v i n g  

m a t e r i a l   at  a  r e l a t i v e l y   low  p r e s su re ,   but  does  not  sof ten  t o  

such  an  ex tent   that  the  cohesion  in  the  powder  is  so  reduced  t h a t  

powder  s p l i t t i n g   occurs  upon  s e p a r a t i o n   of  the  medium  and  t h e  

image  r ece iv ing   m a t e r i a l   and  some  of  the  powder  image  remains  on 

the  medium. 

The  toner  powders  h i t h e r t o   proposed  for  use  in  the  p r o c e s s  



accord ing   to  the  preamble  comprise  epoxy  r e s i n   or  p o l y s t y r e n e   a s  

t h e r m o p l a s t i c   r e s i n .   With  such  toner   powders  i t   is  p o s s i b l e   t o  

obta in   working  systems  but  i t   has  been  found  that   these  s y s t e m s  

have  shor tcomings   in  p r a c t i c e .  

In  a  system  in  which  only  the  medium  is  heated  to  so f t en   t h e  

toner   powder,  a  high  medium  t e m p e r a t u r e   of  at  l e a s t   130°C  i s  

r e q u i r e d   to  heat  the  toner   powder  in  a  r e l a t i v e l y   sho r t   time  to  a  

t e m p e r a t u r e   within  i t s   working  range.   The  working  range  is  t h e  

t e m p e r a t u r e   range  wi th in   which  the  t e m p e r a t u r e   of  the  toner  powder 

must  l i e   to  enable  th i s   powder  to  be  t r a n s f e r r e d   comple te ly   and 

with  good  adhesion  from  the  medium  to  the  image  r e c e i v i n g  

m a t e r i a l .   This  working  range  is  l i m i t e d   at  the  bottom  by  the  tem-  

p e r a t u r e   at  which  complete  t r a n s f e r   and good  adhesion  of  t h e  

powder  melt  are  s t i l l   j u s t   ob t a ined ,   while  i t   is  l i m i t e d   at  t h e  

top  by   the  t empera tu re   at  which  s p l i t t i n g   of  the  powder  melt  s t i l l  

j u s t   does  not  take  p l a c e .  

The  d i sadvan tage   of  the  high  medium  t empera tu re   r equ i r ed   i s  

tha t   the  image  r eco rd ing   m a t e r i a l   ( e .g .   the  p h o t o c o n d u c t i v e  

e lement)   with  which  the  hot  medium  is  r e p e a t e d l y   brought  i n t o  

p r e s s u r e   con t ac t ,   is  sub jec ted   to  a  high  thermal   load,   which  has  

an  adverse   e f f e c t   on  the  l i f e   of  the  image  r e co rd ing   m a t e r i a l .  

Another  d i sadvan tage   of  t h i s   system  is  tha t   the  work ing  

range  becomes  i n c r e a s i n g l y   sma l l e r ,   p robably   as  a  r e s u l t   of  t h e r -  

mal  d e g r e d a t i o n   of  the  medium,  and  a f t e r   some  tens  of  t h o u s a n d s  

of  loads  of  the  medium  a  s i t u a t i o n   is  reached  in  which  there   i s  

no  p r a c t i c a l   working  range  any  more .  

It  is  p o s s i b l e   to  r educe  the  medium  t e m p e r a t u r e   to  100 -  105°C 

i f   the  image  r e c e i v i n g   m a t e r i a l   is  a lso  heated  to  about  800C 

before   i t   is  brought  into  p r e s su re   con tac t   with  the  medium. 

However,  t h i s   system  has  the  d i s a d v a n t a g e   of  a  much  higher   ene rgy  

consumption  and  i t   r e s t r i c t s   the  choice  of  image  r e c e i v i n g  

m a t e r i a l .  

Image  r e c e i v i n g   m a t e r i a l   compris ing  t h e r m o p l a s t i c  

subs tance   e . g . h i g h l y   sized  paper  and  paper  p r e - p r i n t e d   with  i n k  

compr is ing   t h e r m o p l a s t i c   resin;,   cannot  be  processed   in  t h i s  

system  because  the  r e s in   in  the  paper  is  so f tened   and  the  s o f -  

tened  r e s i n   is  p a r t l y   t r a n s f e r r e d   via  the  medium  to  the  image 



r e c o r d i n g   ma te r i a l   so  that   the  l a t t e r   becomes  u n s u i t a b l e   f o r  

f u r t h e r   use.  In  th i s   system  too,  the  working  range  g r a d u a l l y  

dec r ea se s   a l though  the  speed  at  which  th i s   takes  place  is  lower  

than  in  the  system  in  which  only  the  medium  is  heated  in  order  t o  

s o f t e n   the  powder  image.  

The  inven t ion   provides   a  process   as  d e s c r i b e d   in  the  preamble  

c h a r a c t e r i s e d   in  tha t   the  image  is  appl ied   by  means  of  t o n e r  

powder  compris ing  as  t h e r m o p l a s t i c   r e s in   c r y s t a l l i n e   p o l y e s t e r  

having  a  melt ing  point   between  50  and  100°C. 

The  process  accord ing   to  the  i n v e n t i o n   gives  an  a d e q u a t e l y  

wide  working  range  at  much  lower  t empe ra tu r e s   than  h i t h e r t o  

e s t a b l i s h e d   for  such  p rocesses   using  the  p r e v i o u s l y   proposed  t o n e r  

powders.  The  r e s u l t   is  a  much  lower  energy  consumption  and  a 

longer   l i f e   for  that   medium. 

When  the  process  accord ing   to  the  i n v e n t i o n   is  employed  in  an 

e l e c t r o p h o t o g r a p h i c   copying  p rocess ,   another   e f f e c t   is  that   t h e  

load  on  the  pho to -conduc t ive   image  r eco rd ing   m a t e r i a l   is  r e d u c e d ,  

thus  b e n e f i t i n g   the  l i f e   of  t h i s   m a t e r i a l .  

In  an  a t t r a c t i v e   embodiment  of  the  process   according   to  t h e  

i n v e n t i o n ,   only  the  medium  on  which  the  toner   powder  is  a p p l i e d  

imagewise  is  heated  in  order  to  so f t en   the  toner   powder.  In  most 

cases  the  working  range  is  then  20°C  to  30°C,  while  i t s   bot tom 

l i m i t   wi l l   u sua l ly   be  at  a  medium  t empera tu re   which  is  l i t t l e  

h igher   than  the  mel t ing  point   of  the  c r y s t a l l i n e   p o l y e s t e r   be ing  

p r e sen t   in  the  toner   powder.  

The  process  according  to  the  i n v e n t i o n   can  also  be  per formed 

by  applying  the  heat  r equ i r ed   to  so f t en   the  toner   powder  e x c l u s i -  

vely  or  s u b s t a n t i a l l y   to  the  image  r e c e i v i n g   m a t e r i a l .   In  t h i s  

embodiment  too  there   is  a  wide  working  range  of  u sua l ly   at  l e a s t  

20°C. 

The  exact  p o s i t i o n   and  s ize   of  the  working  range  are  d e t e r -  

mined,  not  only  by  the  p r o p e r t i e s   of  the  toner   powder  i t s e l f ,   b u t  

a lso  by  the  geometry  of  the  device  in  which  the  process   a c c o r d i n g  

to  the  i nven t ion   is  performed,   the  speed  at  which  the  d e v i c e  

o p e r a t e s ,   the  composi t ion  and  hardness   of  the  medium  to  which  t h e  

toner   powder  is  appl ied   imagewise,   the  way  in  which  the  powder 



image  is  sof tened  and  the  p r e s su re   with  which  the  so f t ened   t o n e r  

powder  is  t r a n s f e r r e d   to  the  image  r e c e i v i n g   m a t e r i a l .  

The  contac t   time,  in  p a r t i c u l a r ,   between  the  medium  bear ing   t h e  

powder  image  and  the  image  r e c e i v i n g   m a t e r i a l   is  a  f a c t o r   which  

c o n s i d e r a b l y   governs  the  working  r a n g e .  

The  working  range  can  r e a d i l y   be  de termined   for  a  s p e c i f i c  

device  by  measuring  the  t empera tu re   range  wi th in   which  c o m p l e t e  

t r a n s f e r   and  good  adhes ion   of  the  powder  image  to  the  image 

r e c e i v i n g   m a t e r i a l   are  o b t a i n e d .   A  r ea sonab le   i n d i c a t i o n   of  t h e  

p o s i t i o n   and  size  of  the  working  range  of  a  s p e c i f i c   toner   powder 

can  be  obta ined  by  measur ing  the  v i s c o - e l a s t i c   p r o p e r t i e s   of  t h e  

toner   powder.  Genera l ly   speak ing ,   the  working  range  of  the  t o n e r  

powder  corresponds   to  the  t empera tu re   range  wi th in   which  the  l o s s  

compliance  (J")  of  the  toner   powder,  measured  at  a  f requency   e q u a l  

to  0.5  times  the  r e c i p r o c a l   of  the  contac t   time  in  the  device  u s e d  

for  performing  the  process   according  to  the  i n v e n t i o n ,   is  be tween 
10-4  and  10-6m2/N.  The  v i s c o - e l a s t i c   p r o p e r t i e s   of  the  t o n e r  

powder  are  measured  in  a  rheomete r ,   the  moduli  G'  and  G"  b e i n g  

de termined  as  a  f u n c t i o n   of  the  f requency  at  a  number  of  d i f f e r e n t  

t e m p e r a t u r e s .   The  curves  found  are  then  reduced  to  one  t em-  

p e r a t u r e ,   the  r e f e r e n c e   t e m p e r a t u r e .  

From  th is   reduced  curve  the  loss   compliance  (J")  is  c a l c u l a t e d   as  a 

func t ion   of  the  f requency .   The  d i sp lacement   f a c t o r s   of  the  bot tom 

and  top  l imi t   t e m p e r a t u r e s   (J"  =  10-6  and  10-4  m2/N  r e s p e c t i v e l y )  

of  the  working  range  can  then  be  read  off   from  the  l o s s  

c o m p l i a n c e - f r e q u e n c y - c u r v e .   The  bottom  and  top  l i m i t   t e m p e r a t u r e s  

of  the  working  range  can  then  be  c a l c u l a t e d   by  means  of  the  WLF 

equa t ion   compiled  from  the  d i sp lacement   f a c t o r s   found  during  t h e  

measurements  at  d i f f e r e n t   t e m p e r a t u r e s .  

The  toner  powder  used  in  the  proces  accord ing   to  the  i n v e n -  

t ion  comprises  c r y s t a l l i n e   p o l y e s t e r   having  a  me l t ing   point   b e t -  

ween  50  and  100°C  and  p r e f e r a b l y   between  60  and  850C.  The  m e l t i n g  

poin t   of  the  c r y s t a l l i n e   p o l y e s t e r   is  de termined  by  mel t ing   t h e  

p o l y e s t e r ,   then  cool ing   the  melt  to  200C  at  a  cool ing   r a t e   of  10°C 

per  minute  and  immedia te ly   t h e r e a f t e r   r e - h e a t i n g   the  so l i d   mass  a t  



a  h e a t i n g   r a te   of  10°C  per  minute.   During  the  second  hea t i ng   s t e p  

the  me l t ing   point   is  recorded  as  being  the  t empera tu re   at  which 

the  maximum  endothermic  heat  e f f e c t   is  observed.   The  number-  

average  molecular   weight  of  the  c r y s t a l l i n e   p o l y e s t e r   amounts  p r e -  

f e r a b l y   at  l e a s t   5,000  and  most  p r e f e r a b l y   is  between  8,000  and 

4 5 , 0 0 0 .  

When  the  process   accord ing   to  the  i nven t ion   is  performed  in  a 

device   in  which  a  r e l a t i v e l y   shor t   con tac t   time  is  used  for  t h e  

t r a n s f e r   of  the  powder  image  from  the  medium  to  the  image 

r e c e i v i n g   m a t e r i a l ,   then  the  powder  image  p r e f e r a b l y   is  formed  by 

means  of  toner   powder  compris ing  c r y s t a l l i n e   p o l y e s t e r   having  a 

number-average   molecular   weight  between  8,000  and  25,000.  In  a 

device  of  t h i s   kind,  the  medium,  for  example,  c o n s i s t s   of  a  r o l l e r  

having  a  d iameter   of  from  20  to  40  mm,  which  r o l l e r   has  been  p r o -  

vided  with  a  s i l i c o n e   rubber  cover ing   some  t en ths   o f  a   m i l l i m e t r e  

t h i c k ,   and  the  t r a n s f e r   of  the  powder  image  from  the  medium  t o  

the  image  r e c e i v i n g   m a t e r i a l   is  c a r r i e d   out  in  the  nip  be tween 

th i s   r o l l e r   and  a  s i m i l a r   r o l l e r   which  presses   a g a i n s t   the  medium 

at  a  force  of  about  80-100  N/cm. 

The  number-average  molecular   weight  of  the  p o l y e s t e r   is  d e t e r m i n e d  

by  GPC  measurement  with  a  low  angular   l a s e r - l i g h t   s c a t t e r i n g  

d e t e c t o r .  

Examples  of  s u i t a b l e   c r y s t a l l i n e   p o l y e s t e r s   a r e :  

p o l y c a p r o l a c t o n e   (Tm +  60°C),  po ly(hexamethylene   s ebaca t e )   (Tm + 

65°C),  po ly (hexamethy lene   ad ipa t e ) (Tm +   55°C),  p o l y ( h e x a m e t h y l e n e  

o x a l a t e )   (Tm ±  65°C),  p o l y ( e t h y l e n e   ad ipa te )   (Tm +  60°C) ,  

po ly (decame thy lene   a z e l a t e )   (Tm ±  70°C),  po ly (decamethy lene   s e b a c a -  

te)  (Tm +  76°C),  p o l y ( t e t r a m e t h y l e n e   subera te )   (Tm +  5 6 ° C ) ,  

p o l y ( e t h y l e n e ( m e t h y l ) t e r e p h t h a l a t e )   (Tm +  70°C),  p o l y ( t e t r a m e t h y l e n e  

s e b a c a t e )   (Tm +  61°C),  p o l y ( e t h y l e n e   subera te )   (Tm +  65°C) ,  

p o l y ( e t h y l e n e   s ebaca te )   (Tm +  76°C),  po ly (decamethy lene   o x a l a t e )  

(Tm +  80°C),  po ly (decamethy lene   ad ipa t e )   (Tm +  78°C) ,  

po ly (decame thy lene   dodecaned ioa t e )   (Tm +  820C),  p o l y ( d e c a m e t h y l e n e  

o c t a d e c a n e d i o a t e ) ( T m  +   930C),  po ly(hexamethylene   dodecaned ioa t e )   (Tm 

+  76°C),  p o l y ( h e x a m e t h y l e n e - d e c a m e t h y l e n e   sebaca te )   (Tm +  64°C) ,  



p o l y ( d e c a m e t h y l e n e - s e b a c a t e - t e r e p h t h a l a t e )   (Tm +  710C)  a n d  

p o l y ( d e c a m e t h y l e n e - 2 - m e t h y l - 1 , 3 - p r o p a n e d i o l - d o d e c a n e d i o a t e )   (Tm  + 
72°C).  

In  a d d i t i o n   to  c r y s t a l l i n e   p o l y e s t e r ,   the  toner   powder  used  in  t h e  

process  a cco rd ing   to  the  inven t ion   also  comprises   c o l o u r i n g  

m a t e r i a l ,   which  may  c o n s i s t   of  carbon  black  or  of  i n o r g a n i c   o r  

organic  pigment  or  dye.  The  toner  powder  may  also  comprise  o t h e r  

a d d i t i v e s ,   the  na tu re   of  which  depends  on  the  way  in  which  t h e  

image  is  appp l i ed   by  means  of  the  toner   powder .  

Thus  toner   powder  for  developing  l a t e n t   magnet ic   images,  o r  

toner  powder  fed,   by  magnetic  conveying  means,  to  an  e l e c t r o s t a t i c  

image  to  be  deve loped ,   wil l   also  have  to  comprise  m a g n e t i c a l l y  

a t t r a c t a b l e   m a t e r i a l ,   u sua l ly   in  a  q u a n t i t y   of  between  40  and  70% 

by  weight.   Toner  powders  used  for  deve lop ing   e l e c t r o s t a t i c   images  

may  also  be  made  e l e c t r i c a l l y   conduct ive   in  manner  known  per  s e  

by  f i n e l y   d i s t r i b u t i n g   e l e c t r i c a l l y   conduc t ive   m a t e r i a l   in  a  

s u i t a b l e   q u a n t i t y   in to   the  powder  p a r t i c l e s ,   or  d e p o s i t i n g   i t   on 

the  su r face   of  the  powder  p a r t i c l e s .   I f ,   for  the  development  o f  

e l e c t r o s t a t i c   images,   the  toner  powder  is  used  in  a  s o - c a l l e d   two-  

component  d e v e l o p e r ,   the  powder  p a r t i c l e s   may  also  comprise  a  

charge  c o n t r o l   agent   that   causes  the  powder  p a r t i c l e s ,   upon 

t r i b o - e l e c t r i c   cha rg ing ,   to  accept  a  charge  of  p o l a r i t y   oppos i t e   t o  

that   of  the  e l e c t r o s t a t i c   image  to  be  developed.   The  known 

m a t e r i a l s   can  be  used  as  magne t i ca l l y   a t t r a c t a b l e   m a t e r i a l ,  

e l e c t r i c a l l y   conduc t ive   m a t e r i a l   or  charge  con t ro l   a g e n t .  

The  r e s u l t   of  i n c l u d i n g   f i l l e r s ,   such  as  m a g n e t i c a l l y   a t t r a c -  

tab le   pigment  or  carbon  black,  in  the  toner   r e s in   is  that   the  l o s s  

compliance  of  the  toner   powder  is  reduced  in  comparison  with  t h a t  

of  co r r e spond ing   toner   r es in   without  f i l l e r s .   P a r t i c u l a r l y  w h e n   t h e  

toner  powder  for  use  in  the  proces  accord ing   to  the  i n v e n t i o n  

comprises  c r y s t a l l i n e   p o l y e s t e r   having  a  r e l a t i v e l y   low  number-  

average  mo lecu l a r   weight  of,  for  example,  5000 -  15000,  i t   may  be 

necessa ry   to  i n c l u d e   f i l l e r s   in  the  toner  powder  in  order  to  b r i n g  

the  loss  compliance  of  the  toner  powder  to  the  r equ i red   l e v e l .   I f  

the  toner  powder  need  not  also  be  m a g n e t i c a l l y   a t t r a c t a b l e   a n d / o r  

e l e c t r i c a l l y   c o n d u c t i v e ,   then  i ne r t   f i l l e r s  ,   such  as  t a l c ,   s i l i c a ,  

c lay,   t i t a n i u m   d iox ide   and  zinc  oxide  may  also  be  inc luded   in  t h e  

toner  powder  i n s t e a d   of  m a g n e t i c a l l y   a t t r a c t a b l e   and/or   e l e c t r i -  



ca l ly   conduct ive   f i l l e r s .   An  e l e c t r i c a l l y   conduct ive   f i l l e r   which 

has  a  c l ea r   i n f l u e n c e   on  the  loss  compliance  and  the  e l e c t r i c a l  

c o n d u c t i v i t y   of  the  toner   powder  even  when  r e l a t i v e l y   small  quan-  
t i t i e s   are  used  from  5  to  15%  by  weight ,   is  carbon  black  having  a 

s p e c i f i c   area  of  at  l e a s t   750  m2/g  and  an  oi l   a b s o r p t i o n   between 

250  and  400  ml/100  g .  
The  toner   powder  can  be  prepared  in  known  manner  by  mel t ing   t h e  

c r y s t a l l i n e   p o l y e s t e r ,   f i ne ly   d i s t r i b u t i n g   the  co lour ing   m a t e r i a l  

and  any  other   a d d i t i v e s   in  the  melt ,   coo l ing   the  melt  to  a  s o l i d  

mass,  and  g r ind ing   the  so l id   mass  into  p a r t i c l e s   of  the  r e q u i r e d  

p a r t i c l e   s i ze ,   which  is  gene ra l l y   8  -  3 0   m i c r o m e t e r s .  

I f ,   in  the  p r e f e r r e d   embodiment  of  the  process   according  t o  

the  i nven t ion   in  which  the  toner  powder  is  so f t ened   by  h e a t i n g  

only  the  medium,  the  toner  powder  is  app l i ed   to  said  medium  by 

p res su re   t r a n s f e r   from  a  pho toconduc t ive   or  magnetic  image 

r eco rd ing   m a t e r i a l ,   the  top  l imi t   of  the  working  range  may 

p o s s i b l y   be  l im i t ed   not  by  the  t empera tu re   at  which  s p l i t t i n g   o f  

the  powder  melt  occurs ,   but  by  the  t e m p e r a t u r e   at  which  the  t o n e r  

powder  is  a l ready   so f t ened   during  the  p r e s su re   t r a n s f e r   from  t h e  

image  r eco rd ing   m a t e r i a l   to  the  medium  and  p a r t l y   adheres  to  t h e  

image  r eco rd ing   m a t e r i a l .   It  has  been  found  that   in  th is   case  t h e  

top  l imi t   of  the  working  range  can  f r e q u e n t l y   be  r a i sed   by  s t o r i n g  

the  toner  powder  for  some  time,  e .g .   2 -   7  days,  at  e l eva ted   tem-  

p e r a t u r e ,   but  below  the  so f t en ing   t empera tu re   of  the  toner  powder,  

e .g,   at  about  50oC.  During  s torage   at  e l e v a t e d   t empera ture   t h e  

percen tage   of  c r y s t a l l i n e   p o l y e s t e r   r e s i n   in  the  toner  powder 

i n c r e a s e s   but  it   is  not  c lear   whether  the  i nc rea se   of  the  p e r c e n -  

tage  of  c r y s t a l l i s a t i o n   is  r e s p o n s i b l e   for  r a i s i n g   the  top  l i m i t  

of  the  working  r a n g e .  
The  process   accord ing   to  the  i nven t ion   can  be  performed  i n  

the  devices  known  for  th i s   purpose,  as  d e s c r i b e d ,   for  example  i n  

UK  Patent   1  245  426,  US  Patents   3  554  836,  3  893  761  and  4  068 

937  and  European  Pa tent   App l i ca t ion   0045102.  It  is  p r e f e r r ed   t o  

heat  only  the  medium  on  which  the  powder  image  is  formed  b e f o r e  

t r a n s f e r   to  the  image  r e c e i v i n g   m a t e r i a l .  

As  a l ready   s t a t e d ,   the  working  range  is  wide  and  is  on  a  much 

lower  l eve l   than  the  working  range  of  the  known  toner  powders 



based  on  po ly s ty r ene   or  epoxy  r e s i n s .  

The  inven t ion   wil l   be  e x p l a i n e d   in  de t a i l   with  r e f e r e n c e   t o  

the  f o l l owing   examples .  

Example  1 

2,500  g  of  p o l y c a p r o l a c t o n e   having  a  number-average  m o l e c u l a r  

weight  of  about  21,000  were  melted  and  2,500  g  of  m a g n e t i c a l l y  

a t t r a c t a b l e   pigment  (Bayfer rox   318M  made  by  Bayer  A.G.,  West 

Germany)  were  f ine ly   d i s t r i b u t e d   in  the  melt.   The  melt  was  t h e n  

cooled  to  room  tempera ture   and  the  s o l i d   mass was  ground  t o  

p a r t i c l e s   having  a  p a r t i c l e   s i ze   between  10 and  30  m i c r o m e t e r s .  

The  r e s u l t i n g   toner  powder  was  used  in  an  e l e c t r o p h o t o g r a p h i c  

copying  machine  as   de sc r ibed   in  European  Patent   A p p l i c a t i o n   No. 

0045102.  The medium  to  which  the  powder  image  formed  on  the  p h o t o -  

conduc t ive   image  r ecord ing   m a t e r i a l   was  appl ied  by  p r e s s u r e  
t r a n s f e r   cons i s t ed   of  a  metal  r o l l e r   having  a  d iameter   of  25  mm, 

which  r o l l e r   had  been  provided  with  a  f i r s t   covering  of  pigmented  RTV 

s i l i c o n e   rubber  (RTV  200/201  made  by  Messrs.  Posseh l ,   Wes t  

Germany)  in  a  t h i ckness   of  about  500  micrometers ,   and  a  s e c o n d  

cover ing   thereon  c o n s i s t i n g   of  a  non-pigmented  RTV  s i l i c o n e   r u b b e r  

about  70  micrometers   th ick   ob ta ined   by  c r o s s - l i n k i n g   a n  @ - ω -  

h y d r o x y - p o l y d i m e t h y l s i l o x a n e  w i t h   a  t e t r a - e t h y l   s i l i c a t e   under  t h e  

i n f l u e n c e   of  d ibu ty l   t in  d i l a u r a t e .  

To  so f t en   the  powder  image  only  the  medium  was  hea ted .   Océ 

pla in   paper  was  used  as  image  r e c e i v i n g   m a t e r i a l .   The  work ing  

range  was  at  a  medium  t empera tu re   of  65  to  850C.  If  the  t o n e r  

powder  was  s tored  for  5  days  at  50°C  before  use  the  working  r a n g e  

was  70 -   100°C. 

The  working  range  had  become  s c a r c e l y   smal ler   a f t e r   80 ,000  

copies  had  been  made. 

Using  the  toner  powder  de sc r ibed   jus t   above,  the  p r o c e s s  

a c c o r d i n g   to  the  i n v e n t i o n   was  a lso  ca r r i ed   out  by  s o f t e n i n g   t h e  

powder  image  by  hea t ing   both  the  medium  and the   image  r e c e i v i n g  

m a t e r i a l .   The  working  range  was  now  a t  a   medium  t e m p e r a t u r e   o f  

between  40  and  45°C  and  a  t e m p e r a t u r e   of  the  image  r e c e i v i n g  

m a t e r i a l   between  70  and  100oC. 

Example  2 

A  toner   powder  of  the  f o l l o w i n g   composi t ion  was  produced  i n  

the  manner  descr ibed   in  Example  1: 



50%  by  weight  of  p o l y c a p r o l a c t o n e   having  a  n u m b e r - a v e r a g e  

molecu la r   weight  of  about  15 ,000 

50%  by  weight  of  m a g n e t i c a l l y   a t t r a c t a b l e   pigment  (Bayferrox  318M). 

1500  g  of  th i s   toner  powder  were  d i spe r sed   in  a  d i s p e r s i o n   c o n t a i n i n g :  

24  g  of  carbon  having  a  p a r t i c l e   size  between  10  and  250  nanomete r  

12  g  of  hydrophobic  s i l i c a  

10  g  of  po lyv iny l   a l c o h o l  

3000  ml  of  e t h a n o l  

7000  ml  of  w a t e r .  

The  d i s p e r s i o n   was  heated  to  approximate ly   65°C  with  con-  

t inuous   s t i r r i n g   and  held  at  th is   t empera ture   for  about  10 

minutes .   It  was  then  cooled  to  room  t empera ture   and  the  toner   p a r -  
t i c l e s   now  covered  with  carbon  were  s epa ra t ed   from  the  l i q u i d .   The 

r e s u l t i n g   toner   powder  had  a  r e s i s t i v i t y   of  7.104  ohm.m. 

The  toner   powder  was  used  in  the  e l e c t r o p h o t o g r a p h i c   copy ing  

machine  r e f e r r e d   to  in  Example  1.  The  working  range  was  at  a  

medium  t empera tu re   of  about  70 -   125°C. 

Example  3 

A  toner   powder  was  prepared  in  the  manner  d e s c r i b e d   i n  

Example  1  c o n t a i n i n g :  

50%  by  weight  of  p o l y c a p r o l a c t o n e   having  a  n u m b e r - a v e r a g e  

molecular   weight  o f  abou t   43 ,000  

50%  by  weight  of  m a g n e t i c a l l y   a t t r a c t a b l e   pigment  (Bayferrox  318M). 

The  toner   powder  was  used  for  the  magnetic  brush  deve lopment  

of  e l e c t r o s t a t i c   images  formed  on  a  pho toconduc t ive   image  r e c o r d i n g  

m a t e r i a l   the  pho toconduc t ive   l aye r s   of  which  were  made  up  a s  

de sc r i bed   in  Example  5  of  Ne ther lands   Patent   A p p l i c a t i o n   No. 

7808418  and  the  suppor t   of  which  cons i s t ed   of  a  p l a s t i c   f i l m  

covered  with  a  layer   of  aluminium  screened  as  d e s c r i b e d   i n  

European  Pa ten t   A p p l i c a t i o n   No.  0037193.  The  e l e c t r o s t a t i c   images 

were  formed  by  e l e c t r o s t a t i c a l l y   charging  the  image  r e c o r d i n g  

m a t e r i a l ,   p r o j e c t i n g   the  image  of  an  o r i g i n a l   onto  the  p h o t o -  

s e n s i t i v e   side  of  the  m a t e r i a l ,   and  also  exposing  the  m a t e r i a l   v i a  

i t s   suppor t .   The  powder  images  formed  on  the  image  r e c o r d i n g  

m a t e r i a l   were  t r a n s f e r r e d   to  unheated  0cE  pla in   paper  in  a 

t r a n s f e r - f i x i n g   device  as  used  in  an  Océ  1900  c o p i e r .   The  working 



range  was  at  a  medium  t empera tu re   of  70 -   950C. 

Example  4 

The  proces  of  Example  1,  in  which  only  the  medium  was  h e a t e d  

to  so f t en   the  powder  image,  was  repeated   using  a  toner   powder  o f  

the  fo l lowing   c o m p o s i t i o n :  

42.5%  by  weight  of  p o l y c a p r o l a c t o n e   having  a  n u m b e r - a v e r a g e  

molecular   weight  of  about  9 ,200  

50%  by weight   of  m a g n e t i c a l l y   a t t r a c t a b l e   pigment  ( B a y f e r r o x  

318M) 

7.5%  by  weight  of  carbon  black  having  an  average   p a r t i c l e  

s ize   of  about  30  nanometer ,   a  s p e c i f i c   area  of  about  100  m2/g 

and  an  oi l   a b s o r p t i o n   of  about  340  ml/100  g .  

The  working  range  was  now  at  a  medium  t e m p e r a t u r e   of  75  t o  

950C.  S u b s t a n t i a l l y   the  same  r e s u l t   as  d e s c r i b e d   above  was 

ob ta ined   using  a  toner   powder  of  the  compos i t ion   j u s t  

d e s c r i b e d ,   in  which  however  the  t h e r m o p l a s t i c   r e s i n   w a s  p o l y -  

c a p r o l a c t o n e   having  a  number-average  mo lecu la r   weight  of  5 , 2 0 0 .  

Example  5 

The  fo l lowing   toner   powders  A  up  to  F  i n c l u s i v e   of  the  com- 

p o s i t i o n   fo l lowing   h e r e a f t e r   were  prepared  in  the  manner  d e s c r i b e d  

in  Example  1: 

A.  42.5%  by  weight  of  po ly(hexamethylene   s e b a c a t e )   having  a 

number-average  molecu la r   weight  of  about  1 8 , 0 0 0  

50%  by  weight  of  m a g n e t i c a l l y   a t t r a c t a b l e   p i g m e n t  

(Bayferrox  318M) 

7.5%  by  weight  of  carbon  black  having  the  s p e c i f i c a t i o n s  

given  in  Example  4 .  

B.  42.5%  by  weight  of  po ly(hexamethylene   a d i p a t e )   having  a  

number-average  mo lecu la r   weight  of  about  17 ,000  
50%  by  weight  of  m a g n e t i c a l l y   a t t r a c t a b l e   pigment  ( B a y f e r r o x  

318M) 

7.5%  by  weight  of  carbon  black  having  the  s p e c i f i c a t i o n s  

given  in  Example  4 .  

C.  50%  by  weight  of  po ly(hexamethy lene   d o d e c a n e d i o a t e )   having  a  

number-average  mo lecu la r   weight  of  about  1 8 , 0 0 0  

50%  by  weight  of  m a g n e t i c a l l y   a t t r a c t a b l e   pigment  ( B a y f e r r o x  

318M). 



D.  43%  by  weight  of  p o l y ( h e x a m e t h y l e n e - d e c a m e t h y l e n e - s e b a c a t e )  

having  a  number-average   molecular   weight  of  about  22 ,250  

50%  by  weight  of  m a g n e t i c a l l y   a t t r a c t a b l e   pigment  ( B a y f e r r o x  

318M) 

7%  by  weight  of  carbon  black  having  the  s p e c i f i c a t i o n s  

given  in  Example  4 .  

E.  50%  by  weight  of  po ly (decamethy lene   dodecanedioa te )   having  a 

number-average  molecular   weight  of  about  22 ,000  

50%  by  weight  of  m a g n e t i c a l l y   a t t r a c t a b l e   pigment  ( B a y f e r r o x  

318M). 

F.  50%  by  weight  of  p o l y ( e t h y l e n e   s u b e r a t e )   having  a  number-  

a v e r a g e . m o l e c u l a r   weight  of  about  22 ,000  

50%  by  weight   of  m a g n e t i c a l l y   a t t r a c t a b l e   pigment  ( B a y f e r r o x  

318M). 

The powder  images  formed  with  these  toner  powders  on  a  p h o t o -  

conduct ive   image  r e c o r d i n g   m a t e r i a l   were  t r a n s f e r r e d   to  u n h e a t e d  

Océ  p la in   paper  in  a  t r a n s f e r - f i x i n g   device  as  used  in  an  Océ  1900 

c o p i e r .  

The  working  range  for  the  d i f f e r e n t   toner   powders  was  appointed   t o  

be  at  the  fo l lowing   medium  t e m p e r a t u r e s :  



1.  A  process   for  forming  fixed  images  on  image  r e c e i v i n g  

m a t e r i a l ,   in  which  by  means  of  toner   powder  compris ing   t h e r -  

moplas t i c   r e s i n ,   an  image  i s  a p p l i e d   to  a  medium  whose  s u r f a c e  

c o n s i s t s   of  m a t e r i a l   having  a  lower  a f f i n i t y   for  the  s o f t e n e d  

toner   powder  than  the  image  r ece iv ing   m a t e r i a l ,   and  the  t o n e r  

powder  is  t r a n s f e r r e d   by  p ressure   to  the  image  r e c e i v i n g   m a t e r i a l ,  

the  toner   powder  being  sof tened   by  heat  before   and/or   d u r i n g  

passage  through  the  p r e s su re   zone,  c h a r a c t e r i s e d   in  tha t   the  image 

is  appl ied   by  means  of  toner   powder  compris ing   as  t h e r m o p l a s t i c  

r e s in   c r y s t a l l i n e   p o l y e s t e r   having  a  me l t i ng   point   between  50  and 

1000C. 

2.  A  process   accord ing   to  claim  1,  c h a r a c t e r i s e d   in  that   t h e  

image  is  formed  with  toner   powder  compris ing  c r y s t a l l i n e   p o l y e s t e r  

having  a  me l t ing   point   between  60  and  850C. 

3.  A  process   accord ing   to  claim  1,  c h a r a c t e r i s e d   in  tha t   t h e  

image  is  app l i ed   with  toner   powder  compris ing  c r y s t a l l i n e  

p o l y e s t e r   having  a  number-average  molecu la r   weight  of  at  l e a s t  

5 , 0 0 0 .  

4.  A  process   accord ing   to  claim  2,  c h a r a c t e r i s e d   in  that   t h e  

image  is  app l i ed   with  toner   powder  compris ing  c r y s t a l l i n e  

p o l y e s t e r   having  a  number-average  molecu la r   weight  between  8 , 0 0 0  

and  4 5 , 0 0 0 .  

5.  A  p rocess   accord ing   to  any  of  the  p receding   c la ims,   c h a r a c -  

t e r i s e d   in  t ha t   the  toner   image  is  so f t ened   by  hea t ing   only  t h e  

medium  upon  which  the  image  is  a p p l i e d .  
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