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(54)  Dry  gelatin  addition  to  an  emulsion/dispersion 

(57)  The  present  invention  is  a  method  to  add  dry 
gelatin  to  a  photographic  emulsion  in  either  a 
liquid  or  a  solid  form.  The  dry  gelatin  is  added 
by  entraining  the  dry  gelatin  in  air  to  form  a 
gaseous  mixture  of  dry  gelatin  in  air  and  direct- 
ing  this  mixture  into  the  solid  or  liquid  photo- 
graphic  emulsion.  An  air  eductor  is  used  to 
deliver  the  dry  gelatin.  When  adding  dry  gelatin 
to  a  solution,  the  rate  is  determined  by  the 
solution  viscosity  and  volume.  When  adding  the 
dry  gelatin  to  a  solid  emulsion,  the  dry  gelatin 
rate  is  not  as  critical  but  uniform  addition  is  still 
needed  to  interdisperse  the  dry  gel  with  the 
emulsion  pellets. 
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Field  of  the  Invention 

This  invention  relates  to  a  process  for  preparing  photographic  materials.  More  particularly,  this  invention 
relates  to  the  production  of  photographic  emulsions  wherein  the  gelatin  concentration  is  increased  just  prior 

5  to  coating. 

Background  of  the  Invention 

In  a  typical  emulsion/dispersion  manufacturing  operation,  gelatin  concentrations  are  kept  low  (3%  to  5%) 
10  during  making  and  finishing.  The  3  to  5%  gelatin  concentration  is  the  minimum  level  required  to  suspend  the 

silver  halide.  Levels  of  gelatin  above  this  concentration  interfere  with  nucleation  and  precipitation.  When  the 
emulsion/dispersion  is  eventually  coated  a  much  higher  viscosity  is  required  and  this  is  achieved  by  raising 
the  gelatin  concentration  up  to  approximately  15%.  Historically,  the  best  method  to  raise  the  gelatin  concen- 
tration  has  been  to  add  swollen  gelatin  (50%  gelatin)  or  a  gelatin  solution  (20%  to  25%  gelatin)  in  the  late  stages 

15  of  finishing  or  in  melting.  These  methods  effectively  raise  viscosity  but  also  significantly  dilute  the  silver  con- 
centration  due  to  the  water  component.  It  has  been  attempted  to  add  dry  gelatin  (100%  gelatin)  directly  to  ge- 
latin  based  emulsion/dispersion  solutions,  but  clumping  tends  to  occur  and  the  undissolved  clumps  add  to  the 
nonuniformity  of  the  emulsion/dispersion.  The  nondissolved  gelatin  contributes  to  variability  as  well  as  filter 
plugging,  waste,  and  mechanical  transfer  problems.  Dry  gelatin  has  a  water  content  of  approximately  10%. 

20  The  present  invention  solves  the  problem  of  dry  gelatin  addition  in  a  novel  manner.  The  present  invention 
accomplishes  this  feat  in  a  simple,  reliable,  consistent  manner  while  avoiding  the  clumping  problem. 

Summary  of  the  Invention 

25  The  present  invention  comprises  a  method  of  producing  a  photographic  emulsion  for  use  at  a  coating  sta- 
tion.  A  liquid  solution  of  emulsion  is  prepared  wherein  the  gelatin  content  in  the  solution  is  from  approximately 
3%  to  approximately  5%.  Dry  gelatin  is  then  dispersed  in  a  gaseous  stream  into  the  liquid  solution  by  means 
of  an  eduction  device  so  that  the  final  gelatin  content  in  the  liquid  solution  is  from  approximately  10%  to  ap- 
proximately  15%. 

30  In  an  alternate  embodiment  of  the  present  invention  solid  pelletized  photographic  emulsion  having  a  gelatin 
content  of  approximately  3%  to  approximately  5%  is  prepared.  The  solid  pelletized  photographic  emulsion  is 
loaded  into  a  screw  blender  and  dry  solid  gelatin  (100%  gelatin)  is  dispersed  into  the  screw  blender  containing 
the  solid  pelletized  photographic  emulsion,  by  means  of  an  eduction  device  wherein  the  gelatin  is  mixed  with 
the  solid  emulsion  by  the  screw  blender  to  form  a  homogenous  mixture  of  the  photographic  emulsion. 

35 
Brief  Description  of  the  Drawings 

Figure  1  shows  the  system  used  for  adding  dry  gelatin  to  a  photographic  emulsion  solution. 
Figure  2  shows  an  alternate  system  used  for  adding  dry  gelatin  to  a  solid  mixture. 

40  For  a  better  understanding  of  the  present  invention,  together  with  other  and  further  objects,  advantages 
and  capabilities  thereof,  reference  is  made  to  the  following  disclosure  and  appended  claims  in  connection  with 
the  above  described  drawings. 

Detailed  Description  of  the  Preferred  Embodiment 
45 

In  the  manufacture  of  photographic  emulsions,  silver  nitrate  is  reacted  with  halide  salts  in  the  presence  of 
gelatin  to  form  photographically  active  silver  halide  emulsions.  Typical  photographic  emulsions  include  silver 
halide,  gelatin  and  optionally  chemical  addenda.  Chemical  addenda  includes  antifogging  agents,  stabilizers, 
coating  additives,  coupler  dispersions,  etc.  Chemical  addenda  are  added  to  provide  certain  properties  to  the 

so  photographic  emulsion. 
The  present  invention  describes  a  process  wherein  dry  gelatin  is  added  to  a  hot  gelatin  based  solution  or 

photographic  emulsion  generally  at  a  temperature  of  90°-115°F,  typically  105°F,  in  a  consistent  and  uniform 
manner.  The  process  is  accomplished  by  "sucking"  the  dry  gelatin  from  a  hopper  or  container  with  an  air  eductor 
using  regular  compressed  air.  The  air  eductor  delivers  the  dry  gelatin  to  the  surface  of  the  solution  at  a  constant 

55  rate.  The  rate  is  primarily  determined  by  the  solution  volume  in  the  kettle.  High  viscosity  and  poor  kettle  agi- 
tation  will  slightly  reduce,  by  10-25%,  the  optimum  addition  rates.  Shown  below  is  Table  I  listing  the  optimum 
addition  rates  based  on  kettle  volume: 

2 
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Table  I 

Kettle  Volume  (Liters)  Addition  Rate  Kg/Min 

5  50  1.0 

300  4.5 

500  4.75 

10  1300  8.0 

The  rate  is  of  a  magnitude  such  that  each  individual  gelatin  particle  (votated)  is  mixed  into  the  solution 
without  surface  clumping.  If  the  dry  gelatin  is  added  too  quickly,  the  individual  particles  partially  melt  and  clump 
before  they  can  be  "wet"  and  dissolution  of  the  gelatin  in  the  liquid  is  then  difficult. 

15  An  alternative  method  is  to  deliver  the  dry  gel  through  the  eductor  into  a  blender  containing  a  solid  pelle- 
tized  emulsion/dispersion  mixture.  With  this  method  the  rate  is  not  as  critical,  but  uniform  addition  is  still  needed 
to  interdisperse  the  dry  gelatin  particles  with  the  emulsion/dispersion  pellets.  The  dry  gelatin  then  absorbs 
water  and  swells  prior  to  melting. 

Figure  1  shows  a  simplified  apparatus  for  adding  dry  gelatin  particles  to  a  liquid  emulsion/dispersion.  The 
20  dry  gelatin  particles  had  an  average  diameter  of  approximately  1/16".  The  maximum  size  for  gelatin  particles 

is  an  average  diameter  of  approximately  1/8".  The  moisture  content  of  this  pure  gelatin  is  approximately  10%. 
The  dry  gelatin  particles  15  are  contained  in  a  container  10.  The  gelatin  particles  are  delivered  from  the  con- 
tainer  10  to  a  mixing  vessel  12  containing  the  liquid  emulsion/dispersion  16.  Transport  tubing  11  along  with  an 
eduction  device  17  using  compressed  air  14  is  used  to  transport  the  dry  gelatin  particles  into  the  mixing  vessel. 

25  The  liquid  emulsion/dispersion  is  continuously  mixed  by  mixer  13. 
The  dry  gelatin  transport  system  described  above  is  designed  for  production  scale  applications  delivering 

to  a  mixing  vessel  between  800  and  2000  liters.  The  optimum  addition  rate  is  dependent  on  the  solution/mixture 
characteristics.  Atypical  addition  rate  is  4  kilograms  per  minute  and  can  vary  from  about  2  to  about  1  0  kilograms 
per  minute  a  3  to  5%  solution  is  ideal  for  addition,  but  10%  initial  solutions  have  been  successfully  used.  At  a 

30  temperature  of  105°F,  a  3%  gelatin  solution  has  a  viscosity  of  approximately  1  cp,  a  5%  solution  has  a  viscosity 
of  approximately  4  cp,  and  a  1  0%  solution  has  a  viscosity  of  approximately  25  cp. 

The  addition  rate  is  controlled  by  the  specific  design  of  the  process  and  ultimately  by  adjusting  the  eductor 
and  compressed  air  flow  rate.  The  design  is  specific  to  the  application.  The  compressed  air  is  regulated  be- 
tween  600  and  1,000  cubic  feet  per  hour  to  control  dry  gelatin  delivery.  The  preferred  working  pressure  for 

35  the  compressed  air  is  45  psi,  however,  a  pressure  from  approximately  30  psi  to  about  70  psi  will  give  acceptable 
results.  The  air  supply  line  used  in  the  eductor  had  a  1/2"  outer  diameter.  The  process  line  is  from  about  1  inch 
outer  diameter  to  about  2  inch  inner  diameter.  The  eductor  gap  setting  is  also  adjusted  to  control  delivery  rate. 

The  addition  point  18  is  critical  for  the  solution  addition  process  and  needs  to  be  located  at  the  point  in 
the  kettle  of  maximum  roll.  If  the  point  of  maximum  roll  can  not  be  located,  the  addition  rate  must  be  decreased. 

40  There  are  two  types  of  mixing  apparatus,  vortex  mixers  and  baffle/roll  mixers.  Vortex  mixers  include  a  mixer 
in  the  vessel  without  baffles.  Thus,  as  the  rpm  of  mixer  is  increased,  a  vortex  is  formed  in  the  kettle.  For  vortex 
mixing,  the  addition  point  is  at  the  center  of  the  vortex,  i.e.  the  maximum  roll.  In  the  preferred  method  the  rpm 
of  the  mixer  is  increased  to  the  point  where  the  vortex  "sucks"  air  on  the  surface.  The  dry  gelatin  is  then  added 
directly  to  this  point. 

45  With  baffle/roll  mixing,  no  vortexing  occurs  (due  to  the  baffles)  and  the  dry  gel  is  added  at  the  point  where 
the  surface  roll  turns  under  the  solution.  This  is  determined  visually.  The  addition  point  is  kept  away  from  the 
baffles.  The  optimum  addition  point  is  somewhat  subjective  but  is  readily  determined  by  someone  skilled  in 
the  art.  In  addition,  each  system  differs  depending  on  the  kettle  size  and  shape,  the  mixer  type,  the  mixer 
speed,  the  number  and  placement  of  baffles  and  the  solution  viscosity. 

so  The  following  examples  demonstrate  the  utility  and  feasibility  of  the  present  invention.  Table  II  shows  the 
initial  solution  volume,  initial  gelatin  concentration  for  three  examples.  The  gelatin  concentration  was  raided 
by  4-6%  in  each  example.  The  eduction  device  used  was  a  PIAB  Ejector  300  available  from  Hughes  Interna- 
tional  Products.  The  gelatin  addition  rate  and  total  amount  added  are  also  provided. 

55 
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Table  II 

Solution  '"'t'3' 

Volume  Gelatin  Addition  Rate  Total  Gelatin  Final  Gelatin 
5  in  Kettle  ^oncen-  Approximate  Viscosity  [cp]  of  Dry  Gel  Amount  Added  Concentration 

tration  [kg/min]  [kg]  [%] 11  [%1 

Initial  Final 
10 

300  8  18  30  4.5  13  12 

500  8  18  30  4.75  24  12 

50  3  1  20  1.0  5  9 
15 

Figure  2  shows  the  system  used  for  adding  dry  gelatin  to  a  photographic  emulsion,  i.e.  a  solidified  gelatin 
solution  at45°F.  Dry  gelatin  is  stored  in  container  10  and  is  transported  to  the  solid  blending  device  20  by  means 
of  the  eduction  device  17.  The  eduction  device  includes  a  tube  11  and  an  input  for  compressed  air  14. 

The  eduction  device  17  (PIAB  Ejector  300)  transports  the  dry  gelatin  to  a  point  18  within  the  solid  blender 
20  20.  As  the  dry  gelatin  having  an  average  diameter  of  1/8"  is  added  to  and  mixed  with  the  solid  material,  the 

dry  gelatin  is  uniformly  blended  throughout  the  mixture  of  the  photographic  emulsion.  As  it  contacts  the  pho- 
tographic  emulsion,  the  dry  gelatin  absorbs  water  and  swells.  The  result  is  a  homogeneous,  easily  melted,  solid 
material. 

The  location  of  the  addition  point  18  can  be  anywhere  within  a  circle  of  1/2  the  radius  of  the  mixing  vessel, 
25  assuming  the  mixing  vessel  is  circular.  The  solid  blending  device  20  is  a  conical  screw  blender  available  from 

Day  Mixing  of  Cincinnati.  For  the  system  shown  in  FIG.  2,  the  flow  rate  of  the  dry  gel  is  approximately  4-8 
kg/min  using  a  5000  liter  blender  and  1-2  kg/min  for  a  1  00  liter  lab  scale  blender. 

Table  III  shows  two  samples  that  were  run  successfully  using  the  configuration  shown  in  FIG.  2.  Table  2 
shows  the  solution  volume,  initial  gelatin  concentration,  dry  gelatin  addition  rate,  total  amount  of  gelatin  added 

30  and  the  final  gelatin  concentration.  A  Day  Mark  II  was  used  as  the  conical  screw  blender  with  the  orbiting  screw 
rotating  at  about  1-2  rpm. 

Table  III 

35  Solution  Vol-  Concen'tra t̂on  Additional  Rate  of  Total  Gelatin  Amount  Final  Gelatin  Concen- 
ume  in  Kettle  [1]  '  Dry  Gel  [kg/min]  Added  [kg]  tration  [%] [/o] 

100  7  2  7  13 

40  5000  7  4.5  81  8 

While  there  has  been  shown  and  described  what  are  at  present  considered  the  preferred  embodiments 
of  the  invention,  it  will  be  obvious  to  those  skilled  in  the  art  that  various  changes,  alterations  and  modifications 
may  be  made  therein  without  departing  from  the  scope  of  the  invention. 

45 

Claims 

1.  Amethod  of  producing  a  photographic  emulsion  comprising  a  mixture  of  gelatin,  silver  halide  and  optionally 
50  chemical  addenda  for  use  at  a  coating  station  comprising: 

preparing  a  liquid  solution  of  emulsion  wherein  the  gelatin  content  in  the  solution  is  from  approxi- 
mately  3%  to  approximately  5%;  and 

dispersing  dry  gelatin  into  the  liquid  solution  by  entraining  dry  gelatin  having  an  average  diameter 
not  more  than  1/8  of  an  inch  in  a  gaseous  stream  and  directing  said  stream  into  said  solution  until  the 

55  final  gelatin  content  in  the  liquid  solution  is  from  approximately  10%  to  about  15%. 

2.  The  method  according  to  Claim  1  wherein  the  method  of  preparing  the  liquid  solution  of  emulsion  com- 
prises: 

4 
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mixing  a  plurality  of  components  selected  from  the  group  consisting  of  silver  halide  emulsions,  dis- 
persions,  chemical  addenda,  gelatin  and  water. 

The  method  according  to  Claim  2  further  comprising: 
solidifying  said  plurality  of  components  by  chilling; 
storing  said  solidified  components;  and 
melting  said  solidified  components  to  form  the  liquid  solution  of  emulsion. 

The  method  according  to  Claim  1  wherein  said  dispersing  dry  gelatin  into  the  liquid  solution  by  entraining 
dry  gelatin  in  a  gaseous  stream  is  accomplished  by  an  eduction  device. 

Amethod  of  preparing  a  photographic  emulsion  comprising  a  mixture  of  gelatin,  silver  halide  and  optionally 
chemical  addenda  for  use  at  a  coating  station  comprising: 

preparing  a  solid  pelletized  photographic  emulsion  having  a  gelatin  content  of  approximately  3% 
to  approximately  5%. 

loading  the  solid  pelletized  photographic  emulsion  into  a  screw  blender; 
dispersing  solid  gelatin  into  the  screw  blender  by  entraining  dry  gelatin  in  a  gaseous  stream  and 

directing  said  stream  into  the  screw  blender  so  that  the  gelatin  is  mixed  with  the  solid  emulsion  by  the 
screw  blender  to  form  a  homogeneous  mixture  of  photographic  emulsion. 

The  method  according  to  Claim  5  further  comprising: 
melting  the  homogeneous  mixture  of  photographic  emulsion  prior  to  feeding  the  emulsion  to  a  coat- 

ing  station. 

The  method  according  to  Claim  5  wherein  the  method  of  preparing  a  solid  pelletized  photographic  emul- 
sion  comprises: 

mixing  a  plurality  of  compounds  selected  from  the  group  consisting  of  silver  halide  emulsions,  dis- 
persions,  chemical  addenda,  gelatin  and  water. 

The  method  of  Claim  7  further  comprising: 
solidifying  said  plurality  of  components  by  chilling;  and  pelletizing  said  solidified  components. 

The  method  according  to  Claim  5  wherein  said  dispersing  solid  gelatin  into  the  screw  blender  by  entraining 
dry  gelatin  in  a  gaseous  stream  is  accomplished  by  an  eduction  device. 
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