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(57)  A  photographic  sheet  material  processing 
apparatus  has  a  plurality  of  treatment  cells  (12',  12",  ry-^~vn   ̂ rx^s?^ 
1  2"')  mounted  one  above  another  in  a  vertical  stack  to  X/V^fSS^T  j ^ ^ l k  
define  a  substantially  vertical  sheet  material  path  (20)  ^ x v   l3 l*L 
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least  a  portion  of  said  cleaning  liquid  to  pass  by  gravity  \ 7   ^s&5^CM0*&rfey 
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Description 

Field  of  the  invention 

The  present  invention  relates  to  an  apparatus  for  s 
the  processing  of  photographic  sheet  material,  such  as 
X-ray  film,  pre-sensitised  plates,  graphic  art  film  and 
paper,  and  offset  plates.  More  particularly  the  invention 
relates  to  a  method  of  cleaning  such  an  apparatus. 

10 
Background  of  the  invention 

As  a  rule,  a  processing  apparatus  for  photographic 
sheet  material  comprises  several  treatment  cells,  most 
or  all  of  which  are  in  the  form  of  vessels  containing  a  is 
treatment  liquid,  such  as  a  developer,  a  fixer  or  a  rinse 
liquid.  As  used  herein,  the  term  "sheet  material" 
includes  not  only  photographic  material  in  the  form  of 
cut  sheets,  but  also  in  the  form  of  a  web  unwound  from 
a  roll.  The  sheet  material  to  be  processed  is  transported  20 
through  these  vessels  in  turn,  by  transport  means  such 
as  one  or  more  pairs  of  drive  rollers,  and  thereafter 
optionally  to  a  drying  unit.  The  time  spent  by  the  sheet 
material  in  each  vessel  is  determined  by  the  transport 
speed  and  the  dimensions  of  the  vessel  in  the  sheet  25 
feed  path  direction. 

In  a  conventional  processing  apparatus  the  sheet 
material  is  transported  along  a  generally  horizontal  feed 
path,  the  sheet  material  passing  from  one  vessel  to 
another  usually  via  a  circuitous  feed  path  passing  under  30 
the  surface  of  each  treatment  liquid  and  over  dividing 
walls  between  the  vessels.  However,  processing 
machines  having  a  substantially  vertical  orientation 
have  also  been  proposed,  in  which  a  plurality  of  vessels 
are  mounted  one  above  the  other,  each  vessel  having  35 
an  opening  at  the  top  acting  as  a  sheet  material  inlet 
and  an  opening  at  the  bottom  acting  as  a  sheet  material 
outlet  or  vice  versa.  In  the  present  context,  the  term 
"substantially  vertical"  is  intended  to  mean  that  the 
sheet  material  moves  along  a  path  from  the  inlet  to  the  40 
outlet  which  is  either  exactly  vertical,  or  which  has  a  ver- 
tical  component  greater  than  any  horizontal  component. 
The  use  of  a  vertical  orientation  for  the  apparatus  leads 
to  a  number  of  advantages.  In  particular  the  apparatus 
occupies  only  a  fraction  of  the  floor  space  which  is  occu-  45 
pied  by  a  conventional  horizontal  arrangement.  Further- 
more,  the  sheet  transport  path  in  a  vertically  oriented 
apparatus  may  be  substantially  straight,  in  contrast  to 
the  circuitous  feed  path  which  is  usual  in  a  horizontally 
oriented  apparatus.  The  straight  path  is  independent  of  so 
the  stiffness  of  the  sheet  material  and  reduces  the  risk 
of  scratching  compared  with  a  horizontally  oriented 
apparatus. 

In  a  vertically  oriented  apparatus,  it  is  important  to 
avoid,  or  at  least  minimise  leakage  of  treatment  liquid  55 
from  one  vessel  to  another  and  carry-over  as  the  sheet 
material  passes  through  the  apparatus.  United  States 
patent  US  4166689  (Schausberger  et  al.  assigned  to 
Agfa-Gevaert  AG)  describes  such  an  apparatus  in 

which  liquid  escapes  form  the  lower  opening  and  is 
intercepted  by  the  tank  of  a  sealing  device  with  two 
squeegees  located  in  the  tank  above  a  horizontal  pas- 
sage  in  line  with  the  lower  opening.  One  or  more  pairs 
of  drive  rollers  in  the  vessel  close  the  lower  opening  and 
also  serve  to  transport  the  sheet  material  along  a  verti- 
cal  path  which  extends  between  the  openings  of  the 
vessel. 

From  time  to  time  it  is  necessary  to  clean  the 
processing  apparatus,  in  order  to  remove  debris  which 
may  derive  from  the  sheet  material  itself  and  deposits 
derived  from  the  treatment  liquids.  The  usual  process 
for  cleaning  a  processing  apparatus,  whether  of  the  ver- 
tical  or  horizontal  configuration,  is  to  drain  the  treatment 
liquids  and  to  flush  the  apparatus  through  with  cleaning 
liquid.  Water,  optionally  containing  various  additives  and 
optionally  at  an  elevated  temperature,  is  the  usual 
cleaning  liquid.  For  environmental  reasons,  there  is  a 
desire  to  reduce  the  use  of  all  raw  materials  used  in  a 
processing  machine,  including  water  and  this  is  particu- 
larly  the  case  where  the  apparatus  is  being  used  in  an 
area  where  there  is  a  shortage  of  water. 

Summary  of  the  invention 

It  is  an  object  of  the  present  invention  to  provide 
convenient  and  efficient  method  of  cleaning  a  vertical 
photographic  sheet  material  processing  apparatus. 

It  is  a  preferred  object  of  the  present  invention  to 
carry  out  such  a  cleaning  method  in  an  automatic  man- 
ner. 

According  to  a  first  aspect  of  the  invention  there  is 
provided  a  method  of  cleaning  a  photographic  sheet 
material  processing  apparatus  having  a  plurality  of 
treatment  cells  mounted  one  above  another  in  a  vertical 
stack  to  define  a  substantially  vertical  sheet  material 
path  through  the  apparatus,  the  method  being  charac- 
terised  by  the  steps  of: 

(i)  draining  treatment  liquid  from  the  cells; 

(ii)  feeding  a  cleaning  liquid  to  a  first  cell; 

(iii)  allowing  at  least  a  portion  of  the  cleaning  liquid 
to  pass  by  gravity  from  the  first  cell  to  at  least  one 
further  cell;  and 

(iv)  discharging  the  cleaning  liquid  from  the  appara- 
tus. 

According  to  a  second  aspect  of  the  invention, 
there  is  provided  a  photographic  sheet  material 
processing  apparatus  having  a  plurality  of  treatment 
cells  mounted  one  above  another  in  a  vertical  stack  to 
define  a  substantially  vertical  sheet  material  path 
through  the  apparatus,  characterised  by  means  for 
feeding  cleaning  liquid  to  a  first  cell,  means  for  allowing 
at  least  a  portion  of  the  cleaning  liquid  to  pass  by  gravity 
to  a  further  cell  and  means  far  discharging  the  cleaning 
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liquid  from  the  apparatus. 
Preferably,  at  least  one  of  the  treatment  liquids  is 

drained  into  a  container,  to  be  re-used  after  cleaning  is 
complete.  This  feature  enables  the  overall  cleaning 
process  to  be  speeded  up.  A  suitable  such  container  is  s 
a  flexible  container,  from  which  air  may  be  excluded,  to 
reduce  the  effects  of  oxidation. 

The  cleaning  liquid  is  preferably  caused  to  pass  to 
each  cell  in  the  stack  in  turn,  from  the  top-most  cell  to 
the  bottom-most  cell.  10 

In  a  preferred  embodiment  of  the  invention,  the  film 
path  extends  in  a  downwards  direction,  that  is  the  sheet 
material  developing  cell  is  located  above  the  sheet 
material  fixing  cell.  This  orientation  removes  the  risk 
that  the  fixer  may  contaminate  the  developer.  The  inven-  is 
tion  is  also  applicable  to  apparatus  in  which  the  film  path 
extends  in  an  upwards  direction,  but  in  this  case  clean- 
ing  liquid  should  be  prevented  from  passing  from  the 
sheet  material  fixing  cell  to  the  sheet  material  develop- 
ing  cell.  20 

In  one  embodiment,  the  first  cell  is  a  photographic 
sheet  material  developing  cell  and  the  further  cell,  i.e. 
the  next  cell  to  be  cleaned,  is  a  photographic  sheet 
material  fixing  cell.  A  cell  adapted  for  the  rinsing  of  the 
photographic  sheet  material  may  follow.  25 

Preferably,  all  the  cleaning  liquid  in  the  first  cell  is 
allowed  to  pass  by  gravity  to  the  next  cell  to  be  cleaned. 
However,  where  the  cells  are  of  different  liquid  capacity, 
it  is  possible  that  only  part  of  the  cleaning  liquid  is 
passed  from  the  first  cell  to  the  next  cell  to  be  cleaned,  30 
the  remaining  cleaning  liquid  being  discharged  or,  bet- 
ter,  fed  to  another  cell  to  be  cleaned. 

The  cleaning  liquid  may  be  heated  before  being  fed 
to  the  first  cell  and/or  before  being  fed  to  the  at  least  one 
further  cell  although  it  is  preferred  to  heat  the  cleaning  35 
liquid  either  in  one  or  more  of  the  cells,  especially  the 
first  cell,  or  as  it  is  being  circulated  there-through. 

The  cleaning  liquid  may  comprise  water  and  will 
usually  consist  of  substantially  pure  water,  although 
water-miscible  organic  solvents  such  as  lower  alcohols,  40 
and  surface  active  agents,  may  also  be  present  in  the 
cleaning  liquid.  In  a  particularly  preferred  embodiment, 
the  cleaning  water  comprises  recovered  water,  for 
example  water  recovered  by  condensation  of  moisture 
driven  off  from  processed  sheet  material  in  a  drying  45 
unit,  or  water  recovered  from  spent  treatment  liquids  by 
reverse  osmosis  separation. 

The  cleaning  liquid  is  preferably  circulated  through 
the  first  cell  before  being  allowed  to  pass  by  gravity  to 
the  next  cell  to  be  cleaned.  For  this  embodiment,  the  cell  so 
is  preferably  provided  with  both  a  liquid  inlet  passage 
and  a  liquid  outlet  passage  to  enable  the  cleaning  liquid 
to  be  circulated  continuously  through  the  cell  for  a  pre- 
determined  period  of  time,  before  being  allowed  to  pass 
to  the  next  cell  to  be  cleaned.  55 

The  cleaning  liquid  is  fed  to  the  first  cell  and  is  pref- 
erably  circulated  through  the  cell  with  the  aid  of  the  cir- 
culation  pump  for  that  cell.  This  feature  enables  the 
circulation  pumps  to  be  cleaned  with  the  cleaning  liquid 

while  the  cells  are  being  cleaned.  In  the  case  where  a 
number  of  cells  constitute  a  treatment  liquid  cascade, 
with  one  or  more  volumetric  pumps  between  the  cells,  it 
is  possible  to  additionally  feed  cleaning  liquid  to  one 
such  cell  and  transfer  the  cleaning  liquid  to  another 
such  cell  by  using  the  volumetric  pump.  Depending 
upon  the  configuration  of  these  cells,  the  volumetric 
pump  may  need  to  operated  in  reverse  mode.  Where 
the  transfer  of  cleaning  liquid  from  one  cell  to  another  by 
gravity  or  by  the  use  of  the  cascade  pumps  is  not  possi- 
ble,  additional  pumps  may  be  provided  for  this  purpose. 

The  next  cell  to  be  cleaned  may  be  the  next  lower 
cell,  or  one  or  more  lower  cells  may  be  omitted  from  the 
cleaning  method.  Cells  may  be  omitted  for  example, 
where  they  are  not  liquid-containing  cells  where  build  up 
of  debris  and  deposits  is  less  severe.  Where  however 
the  next  cell  to  be  cleaned  is  the  next  lower  cell,  at  least 
the  first  cell  may  comprise  valve  means,  the  method 
including  the  step  of  opening  the  valve  means  to  allow 
cleaning  liquid  to  pass  by  gravity  to  the  next  lower  cell. 
The  valve  means  may  be  closed  prior  to  cleaning  liquid 
being  fed  to  the  associated  cell. 

The  valve  means  may  be  constituted  by  a  roller 
which,  in  a  processing  mode  of  the  apparatus,  is  in  con- 
tact  with  a  reaction  surface  to  define  a  nip  through  which 
the  sheet  material  passes  during  processing,  the  valve 
means  being  opened  during  a  cleaning  mode  of  the 
apparatus  by  moving  the  roller  away  from  the  reaction 
surface.  Preferably,  the  reaction  surface  is  constituted 
by  the  surface  of  a  further  roller. 

The  or  each  roller  may  be  associated  with  sealing 
means  which  provides  a  seal  between  the  surface  of  the 
roller  and  the  housing  of  the  associated  cell.  When  the 
roller  and  the  reaction  surface  are  moved  apart,  the 
roller  surface  may  maintain  contact  with  the  sealing 
means,  depending  upon  the  construction  of  the  latter,  or 
may  separate  therefrom. 

In  one  embodiment  of  the  valve  means,  the 
processing  rollers  are  rotatable  on  respective  roller 
shafts,  the  rollers  being  biased  together.  At  least  one 
end  of  the  first  roller  shaft  is  provided  with  a  rotational 
drive  means  for  transporting  the  sheet  material  in  the 
processing  direction.  At  each  end  of  the  second  roller 
shaft  displacement  means  are  provided,  for  relative  dis- 
placement  of  the  second  roller  away  from  and  to  the  first 
roller. 

In  an  alternative  embodiment  of  the  valve  means, 
the  processing  rollers  are  rotatable  on  respective  roller 
shafts.  Co-operating  cams  are  provided  at  each  end  of 
the  roller  shafts.  The  cams  on  the  first  roller  shaft  are 
circular  cams,  fixedly  secured  to  the  roller  shafts.  The 
cams  on  the  second  shaft  are  eccentric  cams,  con- 
nected  to  the  second  shaft  by  way  of  a  one-way  clutch. 
In  the  normal  direction  of  rotation  of  the  rollers,  the 
eccentric  cam  is  free  to  rotate  relative  to  the  second 
roller  shaft.  However,  if  the  direction  of  rotation  of  the 
second  roller  shaft  is  reversed,  the  one-way  clutch 
engages  to  rotationally  secure  the  eccentric  cam  to  the 
second  roller  shaft.  Rotation  of  the  eccentric  cam  in  this 
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reverse  direction  causes  the  rollers  to  move  away  from 
each  other.  Where  such  a  construction  of  the  valve 
means  is  provided  for  a  number  of  cells,  the  one-way 
clutches  may  be  set  in  relation  to  each  other  to  open  the 
rollers  of  these  cells  in  sequence.  To  open  the  valve  5 
means  in  sequence,  it  is  then  simply  necessary  to  drive 
the  rollers  step-wise  in  the  reverse  direction.  An 
encoder  on  the  shaft  of  the  drive  motor  may  be  provided 
to  assist  the  control  of  this  operation. 

In  a  preferred  embodiment  of  the  apparatus,  each  10 
cell  comprises  a  housing  within  which  is  mounted  a 
rotatable  roller  biased  towards  a  reaction  surface  to 
define  a  roller  nip  there-between  through  which  the 
sheet  material  path  extends  and  associated  sealing 
means  serving  to  provide  a  gas-  and  liquid-tight  seal  15 
between  the  roller  and  reaction  surface  on  the  one  hand 
and  a  wall  of  the  housing  on  the  other. 

The  reaction  surface  towards  which  the  roller  is 
biased  to  define  the  nip  will  usually  be  the  surface  of 
another  roller,  or  the  reaction  surface  may  be  in  the  form  20 
of  a  belt  or  a  fixed  surface  with  a  low  friction  coefficient. 
Where  this  general  description  refers  to  the  use  of  a 
roller  pair,  it  is  to  be  understood  that  the  second  roller 
may  be  replaced  by  any  other  reaction  surface,  such  as 
those  referred  to  above.  25 

By  the  term  "roller  shaft"  at  least  three  different 
mechanical  possibilities  are  included,  namely  a)  the 
case  of  a  roller  shaft  intrinsically  belonging  to  the  roller, 
b)  the  case  of  a  roller  shaft  entirely  mounted  through  the 
axis  of  the  roller,  and  c)  the  case  of  a  roller  shaft  sepa-  30 
rately  mounted  in  an  end  flange  of  the  roller. 

The  process  of  the  invention  may  be  carried  out 
manually  or  automatically.  In  the  automatic  option,  suit- 
able  control  means  such  as  a  micro-processor  may  be 
provided  to  control  the  steps  of  the  cleaning  process,  35 
and  even  to  initiate  cleaning  after  the  apparatus  has 
been  used  to  process  a  predetermined  quantity  of  pho- 
tographic  sheet  material  and/or  after  a  predetermined 
period  of  time  following  a  previous  cleaning.  Some  cells 
of  the  apparatus  may  require  cleaning  more  often  than  40 
others.  This  information  can  be  held  within  the  micro- 
processor  to  enable  the  cleaning  process  to  be  modified 
from  time  to  time  according  to  need. 

After  the  cleaning  liquid  has  passed  through  all  the 
cells  to  be  cleaned,  it  is  discharged  from  the  apparatus.  45 
The  discharged  cleaning  liquid  may  be  discarded,  water 
may  be  recovered  therefrom  or  it  may  be  re-used  for 
cleaning  the  same  or  different  cells  in  a  subsequent 
cleaning  process.  However,  the  subsequent  cleaning  of 
a  sheet  material  developing  cell  with  cleaning  liquid  pre-  so 
viously  used  for  cleaning  a  sheet  material  fixing  cell 
should  be  avoided. 

It  will  be  usual  that  most,  if  not  all,  of  the  cells  in  the 
stack  are  in  the  form  of  a  vessels,  suitable  for  containing 
treatment  liquid,  the  rollers  and  sealing  means  serving  55 
to  retain  treatment  liquid  in  the  vessel.  Other  cells  may 
not  contain  processing  liquid,  these  cells  providing,  for 
example,  a  dead  space  where  diffusion  reactions  can 
occur  on  the  sheet  material  as  it  passes  there-through. 

The  top-most  cell  may,  however,  not  be  a  liquid-contain- 
ing  vessel,  serving  simply  as  the  gas-tight  cover  for  the 
apparatus. 

It  is  desirable  that  the  gas-  and  liquid-tight  seal 
between  the  rollers  and  the  housing  wall  is  achieved  by 
a  construction  in  which  each  roller  is  in  sealing  contact 
along  its  length,  at  least  between  the  limits  of  the  nip, 
with  a  stationary  sealing  member.  The  sealing  member 
preferably  includes  a  portion  which  extends  longitudi- 
nally  along  the  surface  of  the  associated  roller,  in  a 
straight  line  parallel  to  the  associated  roller  axis  and 
preferably  contacts  the  surface  of  the  associated  roller 
at  a  location  which  is  between  45°  and  225°,  most  pref- 
erably  between  80°  and  1  00°  from  the  centre  of  the  nip, 
on  the  fluid  side.  The  sealing  member  may  be  carried  on 
a  sealing  support,  secured  to  the  housing  wall  of  the 
cell. 

The  sealing  member  may  be  in  a  unitary  or  com- 
posite  form  which  exerts  a  spring  force  of  between  2 
and  500  g/cm  of  roller,  perpendicular  to  the  roller  sur- 
face.  The  spring  loading  may  be  derived  from  the  geom- 
etry  of  a  unitary  sealing  member,  from  a  separate  spring 
incorporated  in  a  composite  sealing  member  or  simply 
from  the  compression  of  the  elastomeric  material  cover- 
ing  the  roller.  The  sealing  member  material  which  is  in 
contact  with  the  associated  roller  surface  preferably  has 
a  coefficient  of  friction  (as  measured  against  stainless 
steel)  of  from  0.05  to  0.3,  preferably  from  0.09  to  0.2. 
The  sealing  member  material  in  contact  with  the  associ- 
ated  roller  surface  may  comprise  a  polymer  material 
such  as  PTFE  (poly  tetra  fluoro  ethylene),  POM  (poly- 
oxymethylene),  HDPE  (high  density  polyethylene), 
UHMPE  (ultra  high  molecular  weight  polyethylene), 
polyurethane,  PA  (polyamide),  PBT  (polybutyl  tereph- 
thalate)  and  mixtures  and  composites  thereof.  We  pre- 
fer  to  use  a  PTFE  profile  backed  with  a  stainless  steel 
spring. 

Typical  rollers  have  a  core  provided  with  a  covering 
of  elastomeric  material,  although  it  is  possible  for  the 
roller  to  be  elastomeric  throughout  its  cross-section. 
The  elastomeric  material  may  be  selected  from  ethyl- 
ene/propylene/diene  terpolymers  (EPDM),  silicoNe  rub- 
ber,  polyurethane,  thermoplastic  rubber  such  as 
Santoprene  (Trade  Mark  for  polypropylene/EPDM  rub- 
ber),  styrene-butyl  rubber  and  nitrile-butyl  rubber.  The 
hardness  of  the  elastomeric  material  may  be  between 
15  Shore  (A)  and  90  Shore  (A),  as  measured  on  the 
roller  surface.  In  one  embodiment  of  the  invention,  the 
diameter  of  the  elastomeric  material  covering  is  con- 
stant  along  the  length  of  the  roller.  Alternatively  the 
roller  may  have  a  radial  dimension  profile  which  varies 
along  the  length  thereof.  Alternatively  or  additionally,  the 
diameter  of  the  core  varies  along  the  length  thereof. 

Suitable  materials  for  the  rigid  core  include  metals, 
such  as  stainless  steel,  non-ferrous  alloys,  titanium,  alu- 
minium  or  a  composite  thereof. 

In  one  embodiment  of  the  invention,  the  core  is  hol- 
low.  Alternatively  the  core  may  be  solid. 

The  rollers  may  be  biased  together  by  a  variety  of 
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methods.  The  rollers  may  be  biased  together  for  exam- 
ple  by  making  use  of  the  intrinsic  elasticity  of  the  elasto- 
meric  material,  by  the  use  of  fixed  roller  bearings. 
Alternatively,  use  may  be  made  of  resilient  means  such 
as  springs  which  act  on  the  ends  of  the  roller  shafts.  The  5 
springs  may  be  replaced  by  alternative  equivalent  com- 
pression  means,  such  as  e.g.  a  pneumatic  or  a  hydrau- 
lic  cylinder. 

The  roller  is  preferably  a  drive  roller  for  driving 
sheet  material  through  the  apparatus,  but  it  may  alter-  10 
natively  be  a  freely  rotating  roller,  the  cell  being  pro- 
vided  with  alternative  drive  means  for  driving  the 
photographic  sheet  material  there-through. 

In  preferred  embodiments  of  the  present  invention, 
there  are  provided  means  for  connecting  each  cell  to  15 
adjacent  cells  in  the  stack  in  a  closed  manner.  By  the 
term  "closed  manner"  in  this  specification  is  meant  that 
each  cell  is  so  connected  to  adjacent  cells  that  no  cell  is 
open  to  the  environment. 

The  housing  wall  of  each  cell  may  comprise  an  20 
upper  housing  wall  part  so  shaped  in  relation  to  the 
lower  housing  wall  part  of  the  next  higher  cell  as  to  pro- 
vide  a  substantially  closed  connection  between  adja- 
cent  cells.  For  example,  the  upper  and  lower  housing 
wall  parts  may  be  provided  with  flanges,  means  being  25 
provided  to  secure  the  flange  of  the  upper  housing  wall 
part  with  the  flange  of  the  lower  housing  wall  part  of  the 
next  higher  cell  thereby  to  provide  the  substantially 
closed  connection. 

A  lower  part  of  the  housing  wall  of  each  liquid-con-  30 
taining  cell  or  vessel  may  be  so  shaped  as  to  define  a 
leakage  tray  so  positioned  that  any  treatment  liquid 
which  passes,  for  example,  through  the  nip  drips  into 
the  leakage  tray,  for  collection  and  recirculation  as 
desired.  35 

Each  cell  may  be  of  modular  construction  and  pro- 
vided  with  means  to  enable  the  cell  to  be  mounted 
directly  above  or  below  an  identical  or  similar  other  cell. 
Alternatively,  the  apparatus  may  take  an  integral  or 
semi-integral  form  in  which  the  means  for  connecting  40 
each  cell  to  adjacent  cells  in  the  stack  in  a  closed  man- 
ner  is  constituted  by  a  common  housing  wall  of  the 
apparatus.  By  the  term  "semi-integral  form"  we  intend  to 
include  an  apparatus  which  is  divided  by  a  substantially 
vertical  plane  passing  through  all  the  vessels  in  the  45 
apparatus,  particularly  the  plane  of  the  sheet  material 
path,  enabling  the  apparatus  to  be  opened-up  for  serv- 
icing  purposes,  in  particular  to  enable  easy  access  to 
the  rollers. 

By  the  use  of  a  vertical  configuration,  the  cross-sec-  so 
tion  of  the  cell  can  be  low,  such  as  less  than  3  times  the 
roller  diameter.  The  volume  of  the  cell  can  therefore  be 
low.  Indeed,  for  a  given  sheet  material  path  length,  the 
volume  of  one  vessel  of  a  vertical  processing  apparatus 
can  be  many  times  smaller  than  the  volume  of  an  equiv-  ss 
alent  treatment  bath  in  a  horizontal  processing  appara- 
tus.  This  has  advantages  in  terms  of  the  volume  of 
water  needed  for  cleaning  the  cells  but  also  in  terms  of 
the  volume  of  treatment  liquids  used  and  the  efficiency 
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of  their  interaction  with  the  sheet  material. 
In  a  preferred  embodiment  of  the  invention,  all  the 

treatment  cells  are  arranged  one  above  another  in  the 
stack.  In  an  alternative  arrangement,  some  of  the  treat- 
ment  cells  are  arranged  one  above  another  in  a  stack  to 
define  a  substantially  vertical  sheet  material  path,  while 
remaining  treatment  cells  are  arranged  one  beside 
another  in  a  sequence  to  define  a  substantially  horizon- 
tal  sheet  material  path,  continuous  with  the  vertical 
sheet  material  path. 

Further  treatment  cells  may  follow  arranged  in  a 
second  vertical  configuration,  i.e.  the  arrangement  may 
comprise  a  first  vertical  apparatus,  followed  by  a  hori- 
zontally  configured  apparatus,  which  in  turn  is  followed 
by  a  second  vertically  oriented  apparatus.  In  this 
arrangement,  the  first  vertical  processing  apparatus 
may  be  adapted  for  the  development  of  images  on  the 
photographic  sheet  material,  the  horizontal  processing 
apparatus  may  be  adapted  for  the  fixing  of  developed 
images  on  the  photographic  sheet  material  and  the  sec- 
ond  vertical  processing  apparatus  may  be  adapted  for 
the  cascade  washing  of  the  photographic  sheet  mate- 
rial. 

In  addition  to  the  rollers  and  associated  sealing 
means,  one  or  more  of  the  cells  of  the  apparatus  may 
include  additional  features  if  desired.  Cleaning  means 
such  as  cleaning  rollers  or  cleaning  brushes  may  be 
provided  for  acting  upon  the  rollers  to  assist  the  removal 
of  debris  therefrom,  as  described  in  European  patent 
application  EP  93202862  (Agfa-Gevaert  NV),  filed  11 
October  1993.  Additional  rollers,  such  as  a  roller  pair  or 
staggered  rollers  may  be  provided  for  transporting  the 
sheet  material  through  the  apparatus,  and  these  rollers 
will  normally  be  driven  rollers.  Additional  roller  pairs 
may  be  provided  for  breaking  the  laminar  fluid  at  the 
surface  of  the  sheet  material  as  it  passes  through  the 
apparatus,  and  these  rollers  may  be  driven  rollers  or 
freely  rotating  rollers.  Spray  means  may  be  provided  for 
applying  treatment  liquid  to  the  sheet  material.  Guide 
means  may  be  included  for  guiding  the  passage  of  the 
sheet  material  through  the  apparatus.  Heating  means 
may  be  provided  in  one  or  more  cells  so  that  the  cell 
becomes  a  sheet  material  drying  unit,  rather  than  a  wet 
treatment  unit.  While  liquid  pumping,  heating,  cooling 
and  filtering  facilities  will  normally  be  provided  outside 
the  cells,  it  is  possible  for  some  elements  of  these  fea- 
tures  to  be  included  in  the  cells  themselves.  Any  combi- 
nation  of  these  additional  features  is  also  possible. 

Preferred  embodiments  of  the  invention 

The  invention  will  now  be  further  described,  purely 
by  way  of  example,  by  reference  to  the  accompanying 
drawings  in  which: 

Figure  1  is  a  cross-sectional  view  of  one  cell  of  a 
vertical  processing  apparatus  according  to  the 
invention,  with  adjacent  cells  being  partly  shown; 
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Figure  2  is  a  plan  view,  partly  cut-away,  showing  the 
valve  operating  mechanism  associated  with  the 
apparatus  shown  in  Figure  1  ; 

Figure  3  is  an  end  view,  taken  in  the  direction  of  the  s 
arrow  III  in  Figure  2,  of  the  part  of  the  valve  operat- 
ing  mechanism  shown  in  Figure  2  in  closed  condi- 
tion;  and 

Figure  4  is  a  similar  end  view  of  the  part  of  the  valve  to 
operating  mechanism  shown  in  Figure  2  in  open 
condition. 

Although  only  one  specific  embodiment  of  a  treat- 
ment  cell  according  to  the  invention  is  shown  in  the  Fig-  ts 
ures,  the  invention  is  not  restricted  thereto.  The 
apparatus  for  the  wet  processing  of  photographic  sheet 
material  such  as  X-ray  film  as  shown  in  the  Figures 
comprises  a  plurality  of  treatment  cells  12',  12",  12"' 
mounted  one  above  another.  These  cells  may  be  20 
arranged  to  provide  a  sequence  of  steps  in  the  process- 
ing  of  sheet  photographic  material,  such  as  developing, 
fixing,  rinsing  and  drying.  The  cells  may  be  of  a  modular 
structure  as  shown  or  may  be  part  of  an  integral  appa- 
ratus.  25 

Figure  1  shows  that  the  cell  12"  is  in  the  form  of  a 
vessel  13  which  is  of  generally  rectangular  cross-sec- 
tion  comprising  a  housing  defined  by  a  housing  wall  14 
so  shaped  as  to  provide  an  upper  part  15  having  an 
upper  opening  17  and  a  lower  part  16  having  a  lower  30 
opening  18.  The  upper  opening  17  constitutes  a  sheet 
material  inlet  and  the  lower  opening  18  constitutes  a 
sheet  material  outlet.  The  inlet  and  outlet  define  there- 
between  a  substantially  vertical  sheet  material  path  20 
through  the  vessel  1  3,  the  sheet  material  22  moving  in  a  35 
downwards  direction  as  indicated  by  the  arrow  A. 
Mounted  within  the  cell  12"  are  a  pair  of  rotatable  drive 
rollers  28,  30.  The  vessel  13  contains  treatment  liquid 
24,  a  passage  26  through  the  housing  wall  14  being  pro- 
vided  as  an  inlet  for  the  treatment  liquid  24.  The  dis-  40 
tance  H  between  the  surface  25  of  the  liquid  24  and  the 
nip  of  the  rollers  of  the  next  upper  cell  1  2'  is  as  low  as 
possible. 

Each  roller  28,  30  is  of  the  squeegee  type  compris- 
ing  a  stainless  steel  hollow  core  32  carrying  an  elasto-  45 
meric  covering  34.  The  core  32  is  in  cylindrical  form 
having  constant  internal  and  external  diameters  along 
the  length  thereof.  The  rollers  28,  30  are  biased  towards 
each  other  with  a  force  sufficient  to  effect  a  liquid  tight 
seal  but  without  causing  damage  to  the  photographic  so 
sheet  material  22  as  it  passes  there-between.  The  line 
of  contact  between  the  roller  surfaces  29  and  31  defines 
a  nip  36.  The  sheet  material  preferably  has  a  width 
which  is  at  least  10  mm  smaller  than  the  length  of  the 
nip,  so  as  to  enable  a  spacing  of  at  least  5  mm  between  55 
the  edges  of  the  sheet  and  the  adjacent  limit  of  the  nip 
36,  thereby  to  minimise  leakage.  The  rollers  28,  30  are 
coupled  to  drive  means  (not  shown  in  Figure  1)  so  as  to 
constitute  drive  rollers  for  driving  the  sheet  material  22 

along  the  sheet  material  path  20. 
Each  roller  28,  30  is  in  sealing  contact  along  its 

length,  with  a  respective  stationary  sealing  member  38, 
39  carried  on  a  sealing  support  40,  which  in  turn  is 
secured  to  the  housing  wall  14  of  the  vessel  13,  the 
sealing  members  38,  39  serving  to  provide  a  gas-  and 
liquid-tight  seal  between  the  rollers  28,  30  on  the  one 
hand  and  the  housing  wall  1  4  on  the  other.  The  treat- 
ment  liquid  24  is  therefore  retained  in  the  vessel  13  by 
the  rollers  28,  30  and  the  sealing  members  38,  39.  The 
sealing  members  38,  39  are  formed  of  PTFE  and  are 
secured  to  the  sealing  support  40  by  a  suitable,  water- 
and  chemical-resistant  adhesive,  such  as  a  silicone 
adhesive. 

The  rollers  28,  30  are  mounted  in  such  a  manner  as 
to  be  capable  of  moving  apart,  as  shown  in  detail  in  Fig- 
ures  2,  3  and  4  described  below.  The  roller  pair  28,  30 
together  with  associated  sealing  means  38,  39  in  each 
of  the  cells  1  2',  1  2"  and  1  2"'  thereby  constitute  a  valve. 
Thus,  the  rollers  of  each  roller  pair  28,  30  are  in  contact 
with  each  other  in  the  processing  mode  of  the  apparatus 
to  close  as  a  valve  but  are  capable  of  being  moved  apart 
during  a  cleaning  mode  of  the  apparatus  to  open  the 
valve,  as  described  in  more  detail  below. 

The  upper  and  lower  housing  wall  parts  15,  16  are 
provided  with  flanges  19,  21  respectively  provided  with 
bolts  indicated  by  broken  lines  23  to  enable  the  cell  12" 
to  be  mounted  directly  below  and  above  identical  or  sim- 
ilar  other  cells  12',  12"',  as  partly  indicated  Figure  1.  In 
the  illustrated  embodiment,  the  adjacent  cells  12'  and 
12"'  are  both  liquid  containing  cells,  the  first  cell  12' 
being  a  photographic  sheet  material  developing  cell,  the 
second  cell  1  2"  being  a  photographic  sheet  material  fix- 
ing  cell  and  the  third  cell  12"'  being  a  rinsing  cell. 

The  upper  housing  wall  part  15  of  cell  12"  is  so 
shaped  in  relation  to  the  lower  housing  wall  part  1  6  as  to 
provide  a  substantially  closed  connection  between  adja- 
cent  cells.  Thus,  treatment  liquid  from  vessel  1  3  is  pre- 
vented  from  falling  into  the  lower  cell  12"'  by  the  rollers 
28,  30  and  sealing  members  38,  39,  while  vapours  from 
the  lower  cell  1  2"'  are  prevented  from  entering  the  ves- 
sel  13  or  escaping  into  the  environment. 

The  lower  part  16  of  the  housing  wall  14  is  so 
shaped  as  to  define  a  leakage  tray  42.  Any  treatment 
liquid  which  may  pass  through  the  roller  nip  36,  in  par- 
ticular  as  the  sheet  material  22  passes  therethrough, 
drips  from  the  rollers  and  falls  into  the  leakage  tray  42 
from  where  it  may  be  recovered  and  recirculated  as 
desired. 

After  draining  the  treatment  liquids  into  containers, 
such  as  flexible  containers  for  later  re-use,  the  appara- 
tus  is  cleaned  by  feeding  water  to  the  first  cell  12'  and 
circulating  the  water  through  the  first  cell  while  heating  it 
to  a  desired  cleaning  temperature.  The  valve,  consti- 
tuted  by  the  roller  pair  28,  30,  is  now  opened  to  allow  the 
cleaning  water  to  pass  by  gravity  from  the  first  cell  12'  to 
the  second  cell  12".  The  cleaning  water  is  then  circu- 
lated  through  the  second  cell  12",  allowed  to  pass  by 
gravity  from  the  second  cell  12"  to  the  third  cell  12"',  cir- 
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culated  through  the  third  cell  12",  and  then  discharged 
from  the  apparatus. 

The  cleaning  water  is  thus  caused  to  pass  to  each 
cell  12',  12",  12"'  in  the  stack  in  turn,  from  the  top-most 
cell  1  2'  to  the  bottom-most  cell  1  2"'.  s 

The  cleaning  method  includes  the  step  of  opening 
the  valve  to  allow  cleaning  liquid  to  pass  by  gravity  to  the 
next  lower  cell  12".  The  valve  is  opened  during  a  clean- 
ing  mode  of  the  apparatus  by  moving  the  rollers  of  the 
roller  pair  28,  30  apart.  to 

With  reference  to  Figure  2,  each  of  the  rollers  is 
constructed  by  assembling  the  hollow  cylindrical  core 
covered  with  the  elastomer,  and  fitted  at  each  end  of  the 
core  a  rigid  flange  and  a  shaft,  indicated  by  the  refer- 
ences  54  and  56.  is 

The  valve  operating  mechanism  is  shown  in  Fig- 
ures  2,  3  and  4.  From  Figure  2  it  will  be  seen  that  the 
rotation  shafts  54,  56  of  the  first  and  second  rollers  28, 
30  respectively  have  cams  101,  102  secured  thereto  at 
each  end  thereof.  The  cams  101  on  the  first  roller  shaft  20 
54  are  circular  and  may  be  fixed  for  rotation  with  the 
shaft  54.  If  the  cams  101  are  made  from  an  engineering 
polymer  such  as  nylon  or  acetyl  resin,  then  the  cams 
101  may  be  rotatable  on  the  shaft  54  when  no  load  is 
applied  to  the  cams  and  will  be  held  fixed  on  the  shaft  by  25 
friction  when  a  load  is  applied  to  the  cams  101.  The 
cams  102  on  the  second  roller  shaft  56  are  eccentric, 
and  are  secured  on  the  shaft  56  through  a  one-way 
clutch  or  bearing  mechanism  104  which  allows  the 
cams  1  02  to  rotate  relative  to  the  shaft  56  in  one  direc-  30 
tion  (the  "processing"  direction),  but  locks  the  cams  rel- 
ative  to  the  shaft  56  in  the  other  direction  of  rotation  (this 
is  shown  on  one  side  of  Figure  2  only).  The  one-way 
mechanism  104  is  sealed  on  the  shaft  56  to  prevent 
contamination.  The  rollers  can  be  connected  by  gears,  35 
provided  that  the  amplitude  of  the  cam  is  smaller  than 
the  insertion  depth  of  the  gears. 

The  second  roller  30  is  a  driven  roller  and  the  first 
roller  28  is  an  idle  roller.  The  two  roller  shafts  54,  56 
rotate  in  bearings  1  05,  1  06  respectively  which  are  held  to 
in  a  pair  of  frames  107  located  one  at  each  end  of  the 
rollers.  The  second  roller  30  rotates  in  bearing  1  06  fixed 
in  the  frames  107  and  is  rotated  by  a  drive  wheel  128 
driven  from  an  electric  reversible  step  drive  motor  via 
transmission  means,  not  shown.  The  motor  is  provided  45 
with  an  encoding  disc  system  in  order  to  control  the 
speed  and  the  progressing  vertical  position  of  the  sheet 
material.  The  first  roller  28  rotates  in  its  bearings  105 
and  the  bearings  105  slide  in  guides  108  in  frames  107 
so  that  the  first  roller  28  is  free  to  move  towards  and  so 
away  from  the  second  roller  30  as  the  bearings  105 
move  between  the  positions  shown  in  Figures  3  and  4. 
Springs  109  bias  the  first  roller  28  towards  the  second 
roller  30  by  a  force  of  up  to  400N.  The  first  roller  28  is 
free  to  move  between  1  and  6  mm  away  from  the  sec-  ss 
ond  roller  in  order  to  open  the  valve. 

The  eccentric  cams  102  on  the  second  roller  30  are 
held  in  an  "at  rest"  position  during  the  processing  direc- 
tion  of  rotation  by  an  index  clip  110  which  rests  against 
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an  abutment  1  1  1  on  the  respective  frame  1  07.  This  sets 
the  starting  position  for  the  operation  of  the  eccentric 
cams  102  when  second  roller  shaft  56  rotates  in  the 
opposite  direction  of  rotation.  For  example,  the  rollers 
may  be  made  to  move  apart  over  the  first  180°  to  210° 
of  rotation  of  the  second  cam  102  relative  to  the  first 
cam  101,  be  held  apart  at  a  preset  distance  for  60°  of 
rotation,  and  then  move  together  over  the  last  120°  to 
90°  of  movement. 

Thus  in  Figure  3  with  the  second  roller  30  on  shaft 
56  rotating  clockwise,  i.e.  in  the  processing  direction, 
and  the  two  rollers  28,  30  biased  together  by  the  springs 
109,  the  first  roller  28  on  shaft  54  is  driven  anti-clock- 
wise  to  pass  sheet  material  through  the  rollers. 

When  the  second  roller  30  is  driven  clockwise,  the 
cam  1  02  rotates  on  its  one-way  clutch  1  04  and  is  held 
stationary  relative  to  the  frame  1  07. 

When  the  direction  of  rotation  of  the  second  roller 
30  is  reversed,  i.e.  to  the  valve-opening  direction,  the 
cam  1  02  now  turns  with  the  second  roller  and  its  cam 
surface  130  works  against  the  circular  cam  101  to  push 
the  first  roller  28  against  the  bias  of  the  springs  109 
away  from  the  second  roller  30  (see  Figures  2  and  4)  to 
open  the  rollers  and  thereby  allow  cleaning  liquid  to 
pass  by  gravity  into  the  next  lower  cell. 

Reference  Number  List 

first  cell  12' 
second  cell  12" 
third  cell  12"' 
vessel  13 
housing  wall  14 
upper  part  1  5 
lower  part  1  6 
upper  opening  17 
lower  opening  18 
flanges  19,  21 
sheet  material  path  20 
sheet  material  22 
arrow  A 
bolts  23 
treatment  liquid  24 
liquid  surface  25 
passage  26 
distance  H 
first  roller  28 
second  roller  30 
roller  surfaces  29,  31 
hollow  core  32 
elastomeric  covering  34 
nip  36 
sealing  member  38,  39 
sealing  support  40 
leakage  tray  42 
roller  shaft  54  and  56. 
cams  101,  102 
one-way  clutch  1  04 
bearings  105,  106 
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frames  1  07 
drive  wheel  1  28 
guides  108 
Springs  109 
index  clip  110  s 
abutment  1  1  1 
cam  surface  130 

Claims 
10 

1  .  A  method  of  cleaning  a  photographic  sheet  material 
processing  apparatus  having  a  plurality  of  treat- 
ment  cells  (12',  12",  12"')  mounted  one  above 
another  in  a  vertical  stack  to  define  a  substantially 
vertical  sheet  material  path  (20)  through  the  appa-  is 
ratus,  the  method  being  characterised  by  the  steps 
of: 

(i)  draining  treatment  liquid  from  said  cells; 
(ii)  feeding  a  cleaning  liquid  to  a  first  cell  (12');  20 
(iii)  allowing  at  least  a  portion  of  said  cleaning 
liquid  to  pass  by  gravity  from  said  first  cell  (1  2') 
to  at  least  one  further  cell  (12",  12"');  and 
(iv)  discharging  said  cleaning  liquid  from  the 
apparatus.  25 

2.  A  method  according  to  claim  1  ,  wherein  said  clean- 
ing  liquid  is  caused  to  pass  to  each  cell  (12',  12", 
12"')  in  said  stack  in  turn,  from  the  top-most  cell 
(12')  to  the  bottom-most  cell  (12"')  30 

3.  A  method  according  to  claim  1  or  2,  wherein  said 
first  cell  (12')  is  a  photographic  sheet  material 
developing  cell  and  said  further  cell  (12")  is  a  pho- 
tographic  sheet  material  fixing  cell.  35 

4.  A  method  according  to  any  preceding  claim, 
wherein  at  least  said  first  cell  (12')  comprises  valve 
means,  step  (iii)  including  opening  said  valve 
means  to  allow  cleaning  liquid  to  pass  by  gravity  to  40 
the  next  lower  cell  (12"). 

5.  A  method  according  to  claim  4,  wherein  said  valve 
means  is  constituted  by  a  roller  (28)  in  contact  with 
a  reaction  surface  (30)  in  a  processing  mode  of  the  45 
apparatus  to  define  a  nip  (36)  through  which  the 
sheet  material  (22)  passes  during  processing,  and 
wherein  said  valve  means  is  opened  during  a 
cleaning  mode  of  the  apparatus  by  moving  said 
roller  (28)  away  from  said  reaction  surface  (30).  so 

6.  A  method  according  to  claim  5,  wherein  said  valve 
means  is  closed  prior  to  cleaning  liquid  being  fed  to 
the  associated  cell. 

55 
7.  A  method  according  to  any  preceding  claim, 

wherein  all  the  cleaning  liquid  in  said  first  cell  (12') 
is  allowed  to  pass  by  gravity  to  said  further  cell 
(12"). 

8.  A  method  according  to  any  preceding  claim, 
wherein  said  cleaning  liquid  comprises  water. 

9.  A  method  according  to  claim  8,  wherein  said  water 
is  recovered  water. 

10.  A  method  according  to  any  preceding  claim, 
wherein  said  cleaning  liquid  is  circulated  through 
said  first  cell  (12')  before  being  allowed  to  pass  by 
gravity  to  said  further  cell  (12"). 

11.  A  method  according  to  claim  10,  wherein  said 
cleaning  liquid  is  heated  while  being  circulated 
through  said  first  cell. 

12.  A  method  according  to  any  preceding  claim, 
wherein  at  least  one  of  said  treatment  liquids  is 
drained  into  a  container,  to  be  re-used  after  clean- 
ing  of  the  associated  cell  is  complete. 

1  3.  A  photographic  sheet  material  processing  appara- 
tus  having  a  plurality  of  treatment  cells  (12',  12", 
12"')  mounted  one  above  another  in  a  vertical  stack 
to  define  a  substantially  vertical  sheet  material  path 
(20)  through  the  apparatus,  characterised  by 
means  for  feeding  cleaning  liquid  to  a  first  cell  (12'), 
means  for  allowing  at  least  a  portion  of  said  clean- 
ing  liquid  to  pass  by  gravity  to  a  further  cell  (12") 
and  means  for  discharging  said  cleaning  liquid  from 
the  apparatus. 

14.  An  apparatus  according  to  claim  13,  wherein  at 
least  said  first  cell  (12')  comprises  a  rotatable  roller 
(28)  biased  towards  a  reaction  surface  (30),  the 
roller  (28)  and  said  reaction  surface  (30)  being  rela- 
tively  movable  between  a  position  in  which  said 
roller  (28)  is  in  contact  with  said  reaction  surface 
(30)  to  define  a  nip  (36)  through  which  said  sheet 
material  path  (20)  extends  and  a  position  in  which 
said  roller  is  moved  apart  from  said  reaction  surface 
to  allow  cleaning  liquid  to  pass  by  gravity  to  the  next 
lower  cell. 

15.  An  apparatus  according  to  claim  14,  wherein  said 
reaction  surface  is  constituted  by  the  surface  of  a 
further  roller  (30). 
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