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(54)  Curtain  coating  method  and  apparatus. 

(57)  Method  and  apparatus  for  coating  photo- 
graphic  film  webs  or  other  moving  supports 
advancing  continuously  through  a  coating  sta- 
tion  with  a  free  falling  curtain  of  coating  liquid. 
An  edging  means  is  provided  which  includes 
edge  walls  extending  rearwardly  and  down- 
wardly  from  the  hopper  lip.  The  free  falling 
curtain  is  allowed  to  bend  back  and  its  edges 
follow  natural  paths  on  the  edge  walls  to  narrow 
edge  guides  that  precisely  guide  the  free  falling 
curtain  from  the  edge  walls  to  the  moving  sup- 
port  without  inducing  perturbations  in  the  free 
falling  curtain,  allowing  the  free  falling  curtain 
to  impinge  transversely  on  the  moving  support. 
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FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  method  and 
apparatus  for  coating  objects  or  moving  supports  ad- 
vancing  continuously  through  a  coating  station  with 
a  free  falling  curtain  of  coating  liquid.  More  particular- 
ly,  the  present  invention  relates  to  a  curtain  coating 
method  and  apparatus  for  the  manufacture  of  photo- 
graphic  film  and  paper. 

BACKGROUND  OF  THE  INVENTION 

Curtain  coating  is  a  method  of  applying  a  coating 
liquid  to  an  article  or  support.  Curtain  coating  is  char- 
acterized  by  the  formation  of  a  free  falling  curtain  of 
coating  liquid  which  falls  from  a  hopper  lip  and,  under 
the  influence  of  gravity,  impinges  on  the  article  mov- 
ing  through  the  curtain  to  form  a  coating.  A  variety  of 
curtain  coating  methods  and  apparatus  have  been 
used  in  the  past  to  coat,  for  example,  furniture  or 
sheets  of  iron.  In  more  recent  years,  high-precision 
curtain  coating  methods  and  apparatus  have  been 
developed  for  use  in  the  manufacture  of  multilayer 
photographic  material,  as  disclosed  in  United  States 
Patent  Nos.  3,508,947  to  Hughes  and  3,632,374  to 
Greiller. 

When  preparing  multilayer  photographic  materi- 
als  by  curtain  coating  techniques,  the  quality  of  the 
coating  is  dependent  largely  on  the  quality  of  the  free 
falling  curtain.  The  curtain  must  exhibit  stable,  lami- 
nar  flowfrom  where  it  is  formed  to  the  line  of  impinge- 
ment  on  the  moving  support.  Absent  suitable  appara- 
tus,  surface  tension  will  cause  the  curtain  to  contract 
inwardly  and  disrupt  the  required  laminar  flow  of  the 
curtain.  To  prevent  this,  conventional  curtain  coating 
methods  employ  edge  guides  to  engage  the  free  fall- 
ing  curtain  at  its  edges  and  prevent  inward  contrac- 
tion  due  to  surface  tension. 

Generally,  the  edge  guides  used  in  curtain  coat- 
ing  methods  and  apparatus  are  stationary,  solid 
members  attached  to  the  hopper  lip  to  stabilize  the 
free  falling  curtain  as  it  leaves  the  lip.  United  States 
patent  No.  4,933,215  to  Naruse  et  al.,  for  example, 
discloses  a  curtain  coating  hopper  having  solid  guide 
rods.  It  has  been  noted,  however,  that  supporting  the 
free  falling  curtain  at  its  edges  creates  friction  drag 
and  instability  at  the  curtain  edges  which  hamper  the 
ability  to  coat  with  a  high  degree  of  curtain  stability. 

Various  solutions  have  been  proffered  to  simulta- 
neously  increase  the  stability  of  the  curtain  and  keep 
coating  rates  high.  One  solution  is  to  deliver  a  low  vis- 
cosity  liquid  (e.g.,  water)  to  the  edge  of  the  edge  guide 
to  act  as  a  liquid  bridge  between  the  edge  guide  and 
the  edge  of  the  free  falling  curtain.  United  States  Pa- 
tent  No.  4,479,987  to  Koepke  et  al.  discloses  an  ap- 
paratus  for  stabilizing  free  falling  curtains  which  util- 
izes  a  liquid  bridge  between  the  edge  guide  and  the 
edge  of  the  free  falling  curtain.  United  States  Patent 

No.  4,974,533  to  Ishizuka  et  al.  discloses  a  coating 
apparatus  employ  jets  which  expel  an  auxiliary  liquid 
to  the  edge  guides  and  serve  to  prevent  thinning  of 
the  curtain  in  the  vicinity  of  the  edge  guides  of  the  ap- 

5  paratus.  United  States  Patent  No.  4,830,887  to  Reiter 
discloses  a  method  and  apparatus  for  coating  less 
than  the  full  width  of  support.  The  Reiter  method  and 
apparatus  utilize  edge  guides,  a  flushing  means  on 
the  edge  guide,  and  a  suction  apparatus  to  regulate 

10  the  thickness  of  the  coating  edges. 
In  addition  to  using  a  flushing  liquid  to  reduce  the 

effect  of  friction  drag,  approaches  to  the  friction  drag 
problem  have  used  straight,  vertically  oriented,  thin 
edge  guides.  See,  e.g.,  United  States  Patent  Nos. 

15  3,632,374  to  Greiller,  4,479,987  to  Koepke  et  al.,  and 
4,830,887  to  Reiter.  However,  edge  rods  having  sub- 
stantially  the  same  width  as  the  curtain  edge,  while 
reducing  friction  drag,  are  not  effective  to  avoid  prob- 
lems  associated  with  another  phenomenon  of  curtain 

20  coating,  commonly  known  as  "bendback."  Bendback 
is  characterized  by  a  bending  of  the  coating  solution 
as  it  leaves  the  tip  of  the  hopper  lip.  As  the  solution 
leaves  the  hopper  lip,  a  moment  is  established  about 
the  tip  of  the  hopper  lip,  and  a  horizontal  velocity  com- 

25  ponent  is  established  which  causes  the  solution  to 
bend  inwardly  toward  the  body  of  the  hopper.  Bend- 
back  increases  as  curtain  viscosity  decreases  or  the 
flowrate  perunit  width  of  curtain  increases.  Bendback 
also  increases  as  surface  tension  decreases. 

30  Although  bendback  does  not  preclude  the  forma- 
tion  of  uniform  coating  layers  on  the  support,  failure 
to  accommodate  the  bendback  of  the  coating  solution 
(i.e.,  failure  to  allow  the  entire  curtain  width  to  follow 
its  naturally  inflected  path)  can  produce  a  "standing 

35  wave"  in  the  curtain.  Standing  waves  are  commonly 
produced,  for  example,  when  a  narrow  edge  guide  is 
attached  to  the  hopper  lip  and  guides  the  coating  liq- 
uid  down  a  vertical  path  different  from  its  naturally  in- 
flected  path.  This  creates  a  perturbation  at  the  point 

40  of  intervention.  A  standing  wave  is  produced  which 
emanates  from  the  source  of  the  perturbation.  This 
standing  wave  can  produce  longitudinal  streaks  in  the 
dried  coating. 

United  States  Patent  No.  4,135,477  to  Ridley  ad- 
45  dresses  the  problem  of  bendback.  Ridley  discloses  a 

curtain  coating  apparatus  having  wide  edge  guiding 
plates  extending  from  the  hopper  lip  all  the  way  to  the 
support  to  be  coated.  The  edge  guiding  plates  are 
wide  enough  to  allow  the  curtain  edge  to  follow  its  nat- 

50  urally  inflected  path  to  the  support.  In  essence,  the 
edge  plate  is  substantially  wider  than  the  curtain 
edge  over  its  entire  length.  This  type  of  edge  plate, 
however,  creates  other  problems. 

Initially,  the  greater  width  of  the  edge  plate  rela- 
55  tive  to  the  curtain  edge  leads  to  a  decreased  velocity 

at  the  curtain  edge.  This  decreased  velocity  reduces 
the  stability  of  the  curtain.  Additionally,  a  wide  menis- 
cus  is  formed  between  the  curtain  edge  and  the  wide 
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edge  plate.  This  leads  to  a  relative  thinning  of  the  cur- 
tain  adjacent  to  the  meniscus.  As  a  result,  there  is  a 
lack  of  uniform  width-wise  coverage  to  the  outer 
edges  of  the  curtain. 

Third,  the  large  edge  plate  surface  area  promotes 
the  formation  of  deposits  of  coating  solution  on  the 
edge  plate  as  the  free  falling  curtain  moves  back  and 
forth  horizontally  as  a  result  of  pressure  gradients  be- 
tween  the  front  and  back  sides  of  the  curtain.  These 
deposits  eventually  solidify  or  cross-link,  creating  sol- 
id  deposits  which  can  themselves  be  perturbations 
that  create  standing  waves  in  the  curtain. 

Fourth,  it  has  been  found  that,  in  coating  a  con- 
tinuous  web,  better  coating  results  can  be  obtained  by 
using  an  application  point  forward  of  top-dead-center 
on  the  coating  roll  conventionally  used  to  transport 
the  web  underneath  the  coating  hopper.  It  is  not  prac- 
tical  to  use  the  wide  edge  plates  of  Ridley  when  using 
forward  application  points  because  the  wide  edge 
plates  must  be  centered  at  top-dead-center  of  the  roll 
or  else  the  coating  solution  will  tend  to  seep  back  be- 
tween  the  bottom  surface  of  the  wide  edge  plate  and 
the  top  of  the  support. 

Fifth,  in  Ridley  the  curtain  is  allowed  to  follow  its 
own  path  the  entire  length  of  the  edge  plate  which 
renders  it  impossible  to  maintain  a  constant  departure 
point  from  the  edge  plate.  Therefore,  it  is  not  possible 
to  practice  the  coating  method  described  in  United 
States  patent  No.  4,830,887  to  Reiter  (coating  less 
than  the  entire  width  of  the  support,  referred  to  here- 
in  as  "inboard  edging")  because  the  required  suction 
apparatus  cannot  be  precisely  placed  at  the  point  of 
departure  of  the  curtain  from  the  edge  guide. 

Finally,  the  current  edging  devices  utilized  in  the 
art  may  not  be  adjusted  to  achieve  varied  curtain 
widths.  The  Ridley  edging  device,  for  example,  must 
be  placed  at  the  edges  of  a  slide  hopper  at  a  prede- 
termined  width,  and  the  hopper,  therefore,  may  coat 
only  at  that  width. 

SUMMARY  OF  THE  INVENTION 

It  has  been  discovered  in  accordance  with  the 
present  invention  that  the  maximum  bendback  of  the 
curtain  takes  place  in  the  initial  stages  of  curtain  free 
fall  (i.e.,  immediately  after  the  curtain  leaves  the  hop- 
per  lip).  Upon  leaving  the  hopper  lip,  a  moment  is  es- 
tablished  about  the  tip  of  the  hopper  lip,  and  a  hori- 
zontal  velocity  component  is  established  which  caus- 
es  the  solution  to  bend  inwardly  toward  the  body  of 
the  hopper.  After  this  initial  maximum  angular  dis- 
placement,  gravity  dominates  the  horizontal  motion 
causing  the  curtain  trajectory  to  approximate  a 
straight  line  until  it  impinges  on  the  support.  The  coat- 
ing  apparatus  and  method  of  the  present  invention 
prevent  or  reduce  the  creation  of  perturbations  or 
standing  waves  in  the  curtain  at  the  point  where  the 
curtain  edge  leaves  the  hopper  lip.  While  providing  a 

solution  to  this  serious  problem  the  invention  pro- 
vides  rapid  coating,  minimal  friction  drag,  good  cur- 
tain  stability,  good  edge  uniformity,  the  ability  to  coat 
with  forward  application  points,  and  the  ability  to 

5  practice  the  coating  methods  disclosed  in  United 
States  Patent  No.  4,830,887  to  Reiter  which  utilize  in- 
board  edging  techniques.  In  addition,  the  edging 
means  in  the  apparatus  of  the  invention  can  be  ad- 
justed  on  the  hopper  by  repositioning  the  edge  pad, 

10  edge  wall,  and  edge  guide  to  coat  selected  coating 
widths. 

The  coating  hopper  of  the  invention  employs  an 
edging  means  comprising  edge  walls  with  flat  planar 
surfaces  which  are  significantly  wider  than  the  cur- 

ls  tain  edge  and  are  located  at  opposite  ends  of  the  hop- 
per  lip  extending  downwardly  and  rearwardly  imme- 
diately  below  the  hopper  lip.  The  planar  surfaces  of 
the  edge  walls  are  normal  to  the  inclined  surface  of 
the  hopper  and  are  of  a  width  significantly  greater 

20  than  the  width  of  the  edges  of  the  free  falling  curtain 
to  allow  the  curtain  edges  to  assume  natural  paths 
over  the  edge  wall  surfaces. 

The  edge  wall  extends  downwardly  from  the  hop- 
per  lip  only  a  distance  sufficient  to  allow  the  curtain 

25  edges  to  return  to  a  substantially  straight  path.  There- 
fore,  the  path  of  the  curtain  edge  is  substantially  a 
straight  line  when  it  leaves  the  edge  wall.  After  leav- 
ing  the  edge  wall,  the  curtain  edges  are  precisely 
guided  to  the  moving  support  by  narrow  edge  guides 

30  that  have  a  width  comparable  to  the  thickness  of  the 
edges  of  the  curtain.  The  novel  combination  of  a  wide 
edge  wall  with  a  narrow  edge  guide  solves  the  prob- 
lem  of  perturbations  at  the  junction  where  the  curtain 
edges  leave  the  edge  wall  and  contact  the  edge 

35  guides. 
In  a  preferred  embodiment,  the  curtain  coating 

apparatus  includes  hopper  edge  pads  extending 
along  the  opposite  ends  of  the  inclined  surface  of  the 
hopper  down  to  the  edge  walls.  The  hopper  edge 

40  pads  serve  to  guide  the  coating  liquid  down  the  in- 
clined  surface  of  the  hopper  to  the  edge  walls. 

The  method  of  the  invention  comprises  continu- 
ously  flowing  a  coating  liquid  onto  a  downwardly  in- 
clined  planar  surface  which  terminates  in  a  lip  and 

45  thereby  forming  a  free  falling  curtain  of  coating  liquid 
which  falls  from  the  lip  to  a  coating  zone.  Asupport  is 
moved  along  a  path  through  the  coating  zone  and  be- 
neath  the  lip  whereby  the  coating  liquid  curtain  im- 
pinges  laterally  on  the  moving  support.  The  edges  of 

so  the  curtain  immediately  below  said  lip  are  contacted 
with  and  guided  by  a  planar  surface  of  wide  area  to 
permit  the  curtain  to  bend  back  without  substantial 
restraint.  Immediately  below  said  surface  of  wide  area 
and  for  a  major  portion  of  the  distance  that  the  curtain 

55  falls,  each  edge  of  the  curtain  is  contacted  with  and 
guided  by  a  substantially  straight  guiding  means  of  a 
width  substantially  less  than  the  width  of  the  planar 
surface  of  wide  area. 

3 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  perspective  view  of  one  embodiment 
of  a  slide  hopper  curtain  coating  apparatus  with  coat- 
ing  liquid  and  a  free  falling  curtain  according  to  the 
present  invention. 

FIG.  2  is  a  partial  three-dimensional  view  of  a  film 
curtain  leaving  a  hopper  lip. 

FIG.  3  is  a  cross-sectional  view  of  one  embodi- 
ment  of  the  edging  means  of  the  present  invention 
showing  the  edge  wall  incorporated  with  the  hopper 
edge  pad  as  a  single  piece. 

FIG.  4  is  a  cross-sectional  view  of  an  alternative 
embodiment  of  the  edging  means  of  the  present  in- 
vention  showing  the  edge  wall  incorporated  with  the 
edge  guide  as  a  single  piece. 

FIG.  5  is  a  cross-sectional  view  of  an  alternative 
embodiment  of  the  edging  means  of  the  present  in- 
vention  showing  the  hopper  edge  pad,  edge  wall,  and 
edge  guide  all  incorporated  as  a  single  piece  and  also 
illustrating  the  path  of  the  free  falling  curtain  overthe 
edge  wall  and  edge  guide. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  method  and  apparatus  of  the  present  inven- 
tion  will  be  described  in  detail  with  reference  to  a  slide 
hopper-type  curtain  coater  commonly  used  in  the 
photographic  industry.  FIGS.  1  and  2  are  perspective 
views  of  an  embodiment  of  a  slide  hopper-type  curtain 
coater  of  the  present  invention.  FIG.  1  illustrates  an 
embodiment  of  the  apparatus  of  the  present  invention 
operating  to  coat  a  moving  support  with  a  free-falling 
curtain  of  coating  liquid.  FIG.  2  is  a  partial  three- 
dimensional  view  of  a  film  curtain  leaving  a  hopper  lip. 
Referring  to  FIG.  1,  illustrated  is  slide  hopper  1,  hav- 
ing  an  inclined  surface  terminating  in  lip  7.  Coating 
liquids  are  delivered  laterally  to  slide  hopper  1,  as- 
cend  to  exit  slots  3,  and  are  extruded  as  individual  lay- 
ers  on  downwardly  inclined  surfaces  5.  Under  the  in- 
fluence  of  gravity,  the  individual  layers  flow  down  sur- 
faces  5,  flow  over  one  another  forming  a  pack  of  liq- 
uid,  discrete  layers,  and  flow  to  the  tip  of  hopper  lip  7 
where  free  falling  curtain  9  is  formed.  Free  falling  cur- 
tain  9  comprises  a  composite  of  the  discrete  layers  of 
coating  liquid  that  exited  from  slots  3.  Free  falling 
composite  curtain  9,  which  extends  transversely  or 
laterally  across  the  path  of  moving  support  11,  drops 
over  height  "h"  and  impinges  onto  continuously  ad- 
vancing  support  11  to  form  a  composite  of  liquid  lay- 
ers  on  support  11  .  At  the  point  where  curtain  9  imping- 
es  on  support  11,  support  11  is  preferably  guided  onto 
and  around  coating  roll  13.  The  width  of  coating  roll 
13can  be  narrower  or  wider  than  the  width  of  support 
11  guided  around  it,  depending  on  the  edging  techni- 
que.  Coating  roll  1  3  is  driven  by  a  motor  (not  shown). 

Free  falling  curtain  9  is  laterally  guided  by  an  edg- 
ing  means  which  includes  hopper  edge  pads  15  and 

15',  edge  walls  17  and  17'  having  planar  surfaces  of 
relatively  wide  area,  and  elongated,  and  relatively 
narrow  edge  guides  19  and  19'.  Hopper  edge  pads  15 
and  15',  edge  walls  17  and  17'  and  edge  guides  19 

5  and  1  9'  are  vertically  arranged  and  guide,  and  stabil- 
ize  free  the  falling  curtain  9  before  it  impinges  on  sup- 
port  11.  FIG.  2  is  a  partial  three-dimensional  view  of 
a  film  curtain  leaving  a  hopper  lip  and  illustrates  the 
path  of  free  falling  curtain  9  as  it  is  formed  upon  leav- 

10  ing  lip  7  and  proceeds  over  edge  wall  17  and  edge 
guide  19. 

FIG.  1  illustrates  a  preferred  embodiment  of  the 
curtain  coater  of  the  present  invention.  Edge  pads  15 
and  15',  edge  walls  17  and  17',  and  edge  guides  19 

15  and  1  9'  are  positioned  to  coat  less  than  the  full  width 
of  support  11.  Hopper  1  is  positioned  to  coat  onto  sup- 
port  11  at  a  point  forward  of  top-dead-center  on  coat- 
ing  roll  13.  The  apparatus  and  method  of  the  present 
invention  can  also  be  used  to  coat  at  widths  as  wide 

20  or  wider  than  support  11  and  at  application  points  at 
or  behind  top-dead-center  of  coating  roll  13. 

The  layers  of  photographic  coating  composition 
can  be  coated  on  a  variety  of  supports.  Typically,  pho- 
tographic  supports  include  polymeric  film,  paper, 

25  metallic  sheets  or  foil,  glass,  or  ceramic  supporting 
elements  provided  with  one  or  more  subbing  layers  to 
enhance  the  adhesive,  antistatic,  dimensional,  abra- 
sive,  hardness,  functional,  antihalation  and/or  other 
properties  of  the  support.  The  support  may  be  coated 

30  in  the  form  of  discrete  sheets,  plates  or,  preferably,  in 
the  form  of  a  continuous  web. 

The  method  of  the  present  invention  can  be  prac- 
ticed  with  an  edging  means  including  only  the  wide- 
area  edge  walls  17  and  17'  and  elongated  edge 

35  guides  19  and  19'.  Preferably,  however,  hopper  edge 
pads  15  and  15'  extend  along  opposite  ends  of  the  in- 
clined  surface  of  hopper  1  .  Hopper  edge  pads  1  5  and 
15'  are  designed  to  guide  the  layers  of  coating  liquid 
down  the  inclined  surface  of  hopper  1  and,  therefore, 

40  extend  along  opposite  ends  of  the  inclined  surface  of 
hopper  1  to  lip  7.  Hopper  edge  pads  15  and  15'  should 
be  at  least  as  high  as  the  composite  layers  of  coating 
liquid  proceeding  down  the  inclined  surface  of  hopper 
1  .  Preferably,  the  thickness  of  hopper  edge  pads  15 

45  and  15'  is  comparable  to  the  thickness  of  the  coating 
liquids  proceeding  down  the  inclined  surface  of  hop- 
per  1. 

Edge  walls  1  7  and  1  7'  are  located  at  the  opposite 
ends  of  lip  7,  extending  downwardly  and  rearwardly 

so  immediately  below  hopper  edge  pads  15  and  15',  re- 
spectively.  Edge  walls  17  and  17'  have  flat  planar  sur- 
faces  parallel  to  the  edges  of  free  falling  curtain  9. 
The  flat  planar  surfaces  of  edge  walls  17  and  17'  must 
be  of  a  width  great  enough  to  allow  the  edges  of  cur- 

55  tain  9  to  follow  a  natural  path  upon  leaving  lip  7.  By 
"natural  path"  is  meant  that  the  curtain  is  unrestrain- 
ed  in  the  direction  of  flow  and  can  bend  back  along 
the  edge  wall.  Thus,  edge  walls  17  and  17'  must  be 

4 
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of  an  area  wide  enough  to  permit  the  curtain  of  coat- 
ing  liquid  to  bend  back  without  substantial  restraint 
upon  its  departure  from  lip  7  as  it  forms  free  falling 
curtain  9. 

The  area  of  edge  walls  17  and  17'  can  vary  some- 
what  depending  on  the  viscosity  of  the  coating  liquid, 
the  flow  rate  of  the  coating  solution,  and  the  surface 
tension.  For  example,  the  angle  of  departure  between 
the  coating  liquid  and  the  hopper  lip  may  be  as  great 
as  50  degrees  from  vertical  for  typical  photographic 
materials.  Therefore,  edge  walls  17  and  17'  must  ex- 
tend  rearwardly  at  the  top  of  the  wall  far  enough  to  ac- 
commodate  an  angle  of  departure  of  50  degrees  from 
vertical. 

After  the  initial  maximum  angular  displacement 
of  curtain  9,  the  trajectory  of  curtain  9  returns  to  a 
substantially  linear  path.  Therefore,  edge  walls  17 
and  17'  extend  downwardly  sufficiently  to  allow  the 
trajectory  of  free  falling  curtain  9  to  become  a  sub- 
stantially  linear  path.  For  example,  when  the  coating 
liquid  is  a  photographic  material,  edge  walls  17  and 
17'  should  extend  downwardly  a  length  in  the  range 
of  about  0.5  to  about  1.0  centimeters,  preferably 
about  0.6  cm. 

Edge  walls  17  and  17'  can  have  a  uniform  rear- 
ward  extension  from  top  to  bottom.  Alternatively,  edge 
walls  17  and  17'  can  have  a  maximum  rearward  ex- 
tension  at  the  top  (i.e,  the  portion  nearest  hopper  lip 
7)  and  be  tapered  to  a  rearward  extension  compar- 
able  to  the  width  of  edge  guides  19  and  19'  at  the 
junction  between  edge  walls  17  and  17'  and  edge 
guides  19  and  19',  respectively.  However,  the  rear- 
ward  extension  of  edge  walls  17  and  17'  should  be 
sufficient  to  allow  the  curtain  edges  to  follow  their 
natural  path  from  lip  7  to  the  point  where  the  trajec- 
tory  of  curtain  9  returns  to  a  substantially  vertical  lin- 
ear  path. 

Edge  guides  19  and  19'  are  likewise  located  at 
opposite  edges  of  free  falling  curtain  9  and  extend 
downwardly  from  edge  walls  17  and  17',  respectively, 
toward  support  11.  While  edge  walls  17  and  17'  have 
a  planar  surface  area  much  wider  than  the  width  of 
the  edges  of  curtain  9,  edge  guides  19  and  19'  have 
a  relatively  narrow  width.  Their  width  is  substantially 
less  than  the  width  of  the  planar  surface  of  edge  walls 
17  and  17'.  The  edge  guides  19  and  19'  precisely 
guide  the  free  falling  curtain  9  to  support  11.  Because 
of  the  narrowness  of  the  edge  guides,  the  meniscus 
or  width  of  contact  with  each  edge  of  the  curtain  is 
much  less  than  the  meniscus  and  width  of  contact 
along  the  relatively  wide  bendback  areas  along  edge 
walls  1  7  and  1  7'.  As  a  consequence,  the  problems  en- 
countered  with  wide  edge  guides  and  likewise  the 
problems  encountered  in  restraining  bendback  are  ef- 
fectively  avoided.  Edge  guides  19  and  19'  are  prefer- 
ably  slotted  rods  as  disclosed  in  United  States  Patent 
No.  4,830,887  to  Reiter,  but  may  be  in  any  form  suf- 
ficient  to  precisely  guide  free  falling  curtain  9  to  sup- 

port  1  1  . 
Hopper  edge  pads  1  5  and  1  5',  edge  walls  1  7  and 

17',  and  edge  guides  19  and  19'  may  be  made  out  of 
the  same  material  or  different  materials.  Preferably, 

5  the  components  of  the  edging  means  are  constructed 
of  easily  wettable  material  such  as  polycarbonate, 
metals,  or  ground  glass. 

The  apparatus  of  the  present  invention  may  be 
adjusted  to  coat  multiple  coating  widths  by  adjusting 

10  edge  walls  17  and  17',  edge  guides  19  and  19'  and 
hopper  edge  pads  15  and  15'  (if  present),  to  the  de- 
sired  width  on  hopper  1. 

FIGS.  3,  4,  and  5  are  cross-sectional  views  of  dif- 
ferent  configurations  of  the  edging  means  of  the  pres- 

15  ent  invention  implemented  in  the  coating  method  and 
apparatus  of  the  present  invention.  FIG.  3  is  a  cross- 
sectional  view  of  one  embodiment  of  the  edging 
means  of  the  present  invention  showing  edge  wall  27 
incorporated  with  hopper  edge  pad  25  as  a  single 

20  piece.  Edge  guide  29  is  pivotally  coupled  to  the  bot- 
tom  of  edge  wall  27  at  pivot  point  33.  This  configura- 
tion  allows  edge  guide  29  to  be  adjusted  so  that  it 
matches  exactly  the  position  of  the  free  falling  curtain 
of  coating  liquid  at  the  impingement  point  of  the  cur- 

25  tain  on  the  support. 
FIG.  4  is  a  cross-sectional  view  of  an  alternative 

embodiment  of  the  edging  means  of  the  present  in- 
vention  showing  hopper  edge  pad  35  as  a  separate 
component,  and  edge  wall  37  incorporated  with  edge 

30  guide  39  as  a  single  piece.  FIG.  5  is  a  cross-sectional 
view  of  an  alternative  embodiment  of  the  edging 
means  of  the  present  invention  showing  edge  pad  43, 
edge  wall  45,  and  edge  guide  47  all  incorporated  to- 
gether  as  a  single  piece.  FIG.  5  also  illustrates  the 

35  path  of  free  falling  curtain  9  over  edge  wall  45  and 
edge  guide  47.  The  configurations  of  FIGS.  4  and  5 
have  no  adverse  effects  on  the  performance  of  the 
invention  and  offer  various  equipment  manufacturing 
or  operational  advantages. 

40  The  method  and  apparatus  of  the  present  inven- 
tion  may  also  be  used  in  conjunction  with  the  curtain 
coating  method  and  apparatus  disclosed  in  United 
States  Patent  No.  4,830,887  to  Reiter,  the  disclosure 
of  which  is  hereby  incorporated  by  reference. 

45  The  following  examples  illustrate  the  advantages 
of  the  methods  and  apparatus  of  the  present  inven- 
tion  for  the  production  of  photographic  material.  In 
each  example,  a  slide  coater  is  provided  with  an  edg- 
ing  means  of  the  present  invention  as  shown  in  FIGS 

so  3,  4,  or  5  for  a  three-layer  coating. 
The  free  falling  curtain  height  "h"  was  25  cm,  and 

the  point  of  impingement  of  the  curtain  on  the  support 
(the  "application  point")  was  45  degrees  forward 
("+45  degrees")  of  the  midpoint  (top-dead-center)  of 

55  the  coating  roll  which  transports  the  support.  The 
coating  speed  was  400  cm/sec. 

A  three-layer  photographic  coating  composition 
was  used  comprising  an  aqueous  gelatin  pack  having 

5 
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a  15  centipoise  viscosity  bottom  layer,  a  50  centipoise 
viscosity  middle  layer,  and  a  70  centipoise  viscosity 
top  layer. 

EXAMPLE  1 

An  edge  wall  with  a  rearward  extension  of  0.475 
cm  at  its  top  (immediately  below  the  edge  pad)  is  util- 
ized.  The  front  surface  of  the  edge  wall  is  displaced 
1  5  degrees  rearwardly  from  vertical  The  rearward  ex- 
tension  of  the  edge  wall  is  tapered  down  to  0.150  cm 
at  the  junction  of  the  edge  wall  and  the  edge  guide. 
The  edge  wall  extended  downwardly  0.635  cm  from 
the  tip  of  the  hopper  lip. 

A  slotted  edge  guide  is  arranged  so  that  the  coat- 
ing  width  is  less  than  the  width  of  the  total  support. 
A  continuous  web  of  cellulose  triacetate  film  with  a 
thickness  of  0.013  cm  is  used  as  the  support.  A  water 
solution  is  provided  to  the  top  of  the  slotted  edge 
guide  where  the  edge  guide  contacts  the  fluid  curtain. 
A  vacuum  source  is  applied  to  an  evacuation  hole  lo- 
cated  at  the  end  of  the  edge  guide,  to  remove  the 
flushing  solution.  The  flow  rate  for  the  three  layer 
composite  photographic  coating  composition  is  3  cu- 
bic  cm/second/cm  of  coating  width. 

The  solution  thickness  on  the  inclined  surface  of 
the  hopper  is  calculated  and  the  hopper  edge  pad 
height  is  matched  to  this  thickness  to  provide  an  an- 
chor  point  for  the  solutions  and  to  prevent  meniscus 
formation.  The  solutions  leave  the  hopper  lip  at  ap- 
proximately  a  30  degree  angle  from  vertical  as  a  re- 
sult  of  curtain  inflection.  Since  the  edge  wall  is  suffi- 
ciently  large,  the  solutions  do  not  anchor  at  the  cor- 
ners  of  the  wall  and  therefore,  the  edges  of  the  cur- 
tain  follow  the  same  trajectory  as  the  center  of  the 
curtain.  Neither  the  widthwise  uniformity  near  the 
edge  nor  the  curtain's  stability  is  noticeably  affected 
by  the  edge  wall.  After  approximately  0.6  cm  of  free 
fall,  the  curtain  trajectory  starts  to  approximate  a 
straight  line  at  a  constant  angle  from  vertical.  At  this 
point,  the  curtain  is  transferred  from  the  edge  wall  to 
a  relatively  narrow,  straight  edge  guide,  which  is  piv- 
oted  at  the  end  of  the  edge  wall,  to  intersect  the  cur- 
tain  trajectory  at  the  bottom  of  the  edge  guide.  At  the 
bottom  of  the  edge  guide,  the  flushing  solution  is 
evacuated  from  the  vacuum  system  and  the  curtain 
detaches  from  the  edge  guide  within  close  proximity 
to  the  support  and  impinges  onto  the  support  at  a  +45 
degree  application  point.  The  bottom  of  the  edge 
guides  are  positioned  2.0  cm  behind  the  vertical 
plane  of  the  hopper  lip,  to  accommodate  the  curtain 
displacement  from  vertical  caused  by  the  curtain  in- 
flection.  The  wetting  line  is  linear  across  the  entire 
width  of  the  curtain  and  no  streaks  are  present  in  the 
dried  coating. 

EXAMPLE  2 

An  edge  wall  with  a  rearward  extension  of  0.475 
cm  at  its  top  (immediately  below  the  edge  pad)  is  util- 

5  ized.  The  front  surface  of  the  edge  wall  is  displaced 
25  degrees  rearwardly  from  vertical  The  rearward  ex- 
tension  of  the  edge  wall  is  tapered  down  to  0.1  50  cm 
at  the  junction  of  the  edge  wall  and  the  edge  guide. 
The  edge  wall  extended  downwardly  0.635  cm  from 

10  the  tip  of  the  hopper  lip. 
A  slotted  edge  guide  with  the  edge  wall  incorpo- 

rated  into  the  top  of  the  edge  guide  is  arranged  to  pro- 
duce  a  coating  less  wide  than  the  width  of  the  sup- 
port  being  coated.  The  support  is  a  polyethylene- 

15  coated  paperweb  of  0.023  cm  thickness.  A  water  sol- 
ution  is  provided  to  flush  the  surface  of  the  edge 
guide  in  the  manner  disclosed  in  United  States  Patent 
No.  4,830,887  to  Reiter  at  Example  2. 

The  total  flow  rate  for  the  three  layer  composite 
20  coating  is  5  cubic  cm/second/cm  of  coating  width. 

The  bottom  of  the  edge  guides  are  positioned  3.0  cm 
behind  the  vertical  plane  of  the  hopper  lip  to  account 
for  the  curtain  displacement  caused  by  curtain  inflec- 
tion. 

25  The  solution  thickness  on  the  inclined  surface  of 
the  hopper  is  calculated  and  the  vertical  edge  pad 
height  is  matched  to  this  thickness  to  provide  an  an- 
chor  point  for  the  solutions  and  to  prevent  meniscus 
formation.  The  solutions  leave  the  hopper  lip  at  ap- 

30  proximately  a  45  degree  angle  from  vertical  as  a  re- 
sult  of  curtain  bendback.  Since  the  edge  wall  is  suf- 
ficiently  large,  the  solutions  do  not  anchor  at  the  cor- 
ners  of  the  wall  and  therefore,  the  edges  of  the  cur- 
tain  follow  the  same  trajectory  as  the  center  of  the 

35  curtain.  Neither  the  widthwise  uniformity  near  the 
edge  nor  the  curtain  stability  is  noticeably  affected  by 
the  edge  wall.  After  approximately  0.6  cm  of  free  fall, 
the  curtain  trajectory  starts  to  approximate  a  straight 
line  at  a  constant  angle  from  vertical.  At  this  point,  the 

40  curtain  is  transferred  from  the  edge  wall  to  a  narrow, 
straightedge  guide,  which  as  pivoted  at  the  end  of  the 
edge  wall,  to  intersect  the  curtain  trajectory  at  the 
bottom  of  the  edge  guide.  At  the  bottom  of  the  edge 
guide,  the  flushing  solution  is  withdrawn  by  vacuum 

45  and  the  curtain  detaches  from  the  edge  guide  within 
close  proximity  to  the  support.  It  impinges  onto  the 
support  at  a  +55  degree  application  point.  The  wetting 
line  is  linear  across  the  entire  width  of  the  curtain  and 
no  streaks  are  present  in  the  dried  coating. 

50 
EXAMPLE  3 

An  edge  wall  with  a  rearward  extension  of  0.475 
cm  at  its  top  (immediately  below  the  edge  pad)  is  util- 

es  ized.  The  front  surface  of  the  edge  wall  is  displaced 
zero  degrees  rearwardly  from  vertical  The  rearward 
extension  of  the  edge  wall  is  tapered  down  to  0.150 
cm  at  the  junction  of  the  edge  wall  and  the  edge 

6 
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guide.  The  edge  wall  extended  downwardly  0.635  cm 
from  the  tip  of  the  hopper  lip. 

Asolid  edge  guide  is  arranged  to  produce  a  coat- 
ing  less  than  the  width  of  the  support  being  coated. 
A  polyethylene  terephthalate  film  web  having  a  thick- 
ness  of  0.018  cm  is  used  as  the  support.  A  water  sol- 
ution  is  provided  at  the  top  of  the  edge  guide  and  a 
vacuum  is  applied  at  the  end  of  the  lower  edge  guide 
to  evacuate  the  edge  guide  flushing  solution.  The  to- 
tal  flow  rate  for  the  three  layer  composite  coating  is 
1  cubic  cm/second/cm  of  coating  width.  The  bottom 
of  the  edge  guides  are  positioned  directly  below  the 
hopper  lip  to  account  for  the  relatively  small  amount 
of  bendback  which  occurs. 

The  solution  thickness  on  the  inclined  surface  of 
the  hopper  is  calculated  and  the  vertical  edge  pad 
height  is  matched  to  this  thickness  to  provide  an  an- 
chor  point  for  the  solutions  and  to  prevent  meniscus 
formation.  The  solutions  leaves  the  hopper  lip  ap- 
proximately  vertically,  there  being  no  substantial 
bendback.  Since  the  edge  wall  is  sufficiently  large, 
the  solutions  do  not  anchor  at  the  corners  of  the  wall 
and  therefore,  the  edges  of  the  curtain  follow  the 
same  trajectory  as  the  center  of  the  curtain.  Neither 
the  widthwise  uniformity  near  the  edge  nor  the  cur- 
tain  stability  is  noticeably  affected  by  the  edge  wall. 
At  this  point,  the  curtain  is  transferred  from  the  edge 
wall  to  a  narrow,  straight  edge  guide,  which  is  pivots 
at  the  end  of  the  edge  wall,  to  intersect  the  curtain  tra- 
jectory  at  the  bottom  of  the  edge  guide.  At  the  bottom 
of  the  edge  guide,  the  flushing  solution  is  withdrawn 
by  vacuum  system  and  the  curtain  detaches  from  the 
edge  guide  within  close  proximity  to  the  support  and 
impinges  onto  the  support  at  a  +20  degree  applica- 
tion  point.  The  wetting  line  is  linear  across  the  entire 
width  of  the  curtain  and  no  streaks  are  present  in  the 
dried  coating. 

Although  the  invention  has  been  described  in  de- 
tail  for  the  purpose  of  illustration,  it  is  understood  that 

end  of  said  lip  and  extending  downwardly 
and  rearwardly  immediately  below  said  lip, 
wherein  said  planar  surfaces  are  normal 
to  said  inclined  surface  of  said  hopper 

5  means  and  are  of  a  width  substantially 
greater  than  the  thickness  of  the  edges  of 
said  free  falling  curtain  to  allow  the  curtain 
edges  to  assume  a  natural  path  over  the 
edge  wall  surface;  and 

10  (2)  two  edge  guides  extending  downwardly 
from  said  edge  walls  toward  said  moving 
support,  wherein  said  edge  guides  have  a 
width  substantially  less  than  the  width  of 
the  edge  walls  to  precisely  guide  said  free 

15  falling  curtain  from  said  edge  walls  to  said 
moving  support  and  cause  said  free  falling 
curtain  to  impinge  transversely  on  said 
moving  support. 

20  2.  An  apparatus  according  to  Claim  1  ,  wherein  said 
edging  means  further  comprises: 

two  hopper  edge  pads  extending  along  op- 
posite  ends  of  said  inclined  surface  for  confining 
the  edges  of  said  coating"liquid  and,  guiding  said 

25  coating  liquid  down  said  inclined  surface  to  said 
lip. 

3.  An  apparatus  according  to  Claim  1  ,  wherein  each 
of  said  edge  guides  are.pivotally  connected  to 

30  one  of  each  said  edge  walls. 

4.  An  apparatus  according  to  Claim  1  ,  wherein  said 
coating  liquid  is  photographic  material. 

35  5.  An  apparatus  according  to  Claim  4,  wherein  said 
edge  wall  extends  downwardly  about  0.6  cm. 

6.  A  method  of  curtain  coating  a  support  with  one 
or  more  layers  of  coating  liquid,  comprising  the 

40  steps  of: 
(a)  continuously  flowing  said  liquid  onto  a 
downwardly  inclined  planar  surface  which  ter- 
minates  in  a  lip; 
(b)  moving  the  support  along  a  path  through 

45  a  coating  zone  beneath  said  lip; 
(c)  forming  a  free  falling  curtain  of  coating  liq- 
uid  which  falls  from  said  lip  and  extends  later- 
ally  across  said  path  and  impinges  on  said 
moving  support  in  the  coating  zone;  and 

so  (d)  guiding  the  edges  of  the  curtain  imme- 
diately  after  its  fall  from  said  lip  by  contact  with 
a  planar  surface  of  wide  area  whereby  said 
curtain  is  free  to  bend  back  without  substan- 
tial  restraint  and,  immediately  thereafter  and 

55  for  the  major  portion  of  the  distance  that  the 
curtain  falls,  guiding  the  edges  of  the  curtain 
by  contact  with  an  elongated,  substantially 
straight  guiding  means  of  a  width  substantial- 

such  detail  is  for  that  purpose  and  variations  can  be  40 
made  therein  by  those  skilled  in  the  art  without  de- 
parting  from  the  spirit  and  scope  of  the  invention 
which  is  defined  by  the  following  claims. 

45 
Claims 

1.  An  apparatus  for  curtain  coating  a  moving  sup- 
port  with  one  or  more  layers  of  coating  liquid, 
comprising:  so 

(a)  a  hopper  means  having  an  inclined  sur- 
face  terminating  in  a  lip  for  forming  a  free  fall- 
ing  curtain  of  coating  liquid; 
(b)  a  transport  means  for  moving  the  support 
along  a  path  beneath  said  hopper  means;  and  55 
(c)  an  edging  means  comprising 

(1)  two  edge  walls  having  flat  planar  sur- 
faces  each  being  located  at  an  opposite 
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ly  less  than  the  width  of  said  planar  surface 
of  wide  area,  and  thereby  guiding  said  free 
falling  curtain  from  said  lip  to  said  moving  sup- 
port  and  causing  said  free  falling  curtain  to  im- 
pinge  transversely  on  said  moving  support.  5 

7.  Amethod  according  to  Claim  6,  wherein  said  edg- 
ing  means  further  comprises: 

confining  the  opposite  edges  of  said  coat- 
ing  liquid  on  said  inclined  surface  and  thereby  w 
guiding  said  coating  liquid  down  said  inclined  sur- 
face  to  said  lip. 

8.  Amethod  according  to  Claim  6,  wherein  said  sup- 
port  is  a  continuous  web  which  moves  beneath  15 
said  hopper  means  on  a  coating  roll  and  said  free 
falling  curtain  impinges  on  said  moving  web  at  an 
application  point  forward  of  top-dead-center  of 
said  coating  roll. 

20 
9.  Amethod  according  to  Claim  6,  wherein  said  edg- 

ing  means  is  spaced  to  coat  less  than  the  full 
width  of  said  support. 

10.  A  method  according  to  Claim  6,  wherein  said  25 
coating  liquid  is  a  photographic  material. 
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