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(54)  Polymers  containing  4,4'-bis  (5-methyl-2-benzoxazolyl)  stilbene  as  sole  optical  brightener. 

(57)  A  polymer  comprising  4,4'-bis(5-methyl-2  benoxazolyl)  stilbene  as  the  sole  optical  brightener. 
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This  invention  relates  to  polymers  comprising  an  optical  brightener  and  the  use  of  such  polymers  in  pho- 
tographic  elements. 

Polymers  containing  optical  brighteners  have  many  commercial  uses.  To  make  polymer  products  attrac- 
tively  white,  optical  brighteners  are  used  to  mask  the  inherent  yellowness  of  the  polymers  and  to  brighten  their 

5  white  appearance.  Such  polymers  find  use  in,  for  example,  photographic  supports  and  elements  comprising 
a  paper  base  material  having  thereon  a  polyolefin  coating  containing  a  white  pigment  and  an  optical  brightener. 
These  supports  are  particularly  useful  in  photographic  elements  such  as  color  prints  because  they  exhibit  good 
brightness  and  excellent  dimensional  stability  and  are  highly  resistant  to  the  action  of  aqueous  acid  and  alkaline 
photographic  processing  solutions.  The  polyolefin  coating  provides  a  very  smooth  surface  which  is  desirable 

10  when  thin  layers,  such  as  silver  halide  emulsion  layers,  are  to  be  coated  thereover.  US-A-3,411  ,908  described 
such  as  support  which  has  achieved  widespread  commercial  acceptance. 

The  purpose  of  the  optical  brightener  is  to  make  the  white  areas  of  the  support  appear  even  brighter.  The 
optical  brightener  fluoresces  upon  irradiation  with  UV  (ultraviolet)  light,  emitting  visible  light,  usually  bluish  in 
hue,  thus  enhancing  the  brightness  of  the  support.  Optical  brighteners  for  use  in  photographic  print  materials 

15  must  absorb  UV  light,  especially  in  the  region  from  the  brightness  of  the  print,  and  have  the  desired  brightening 
power. 

Moreover,  the  optical  brightener  must  be  nonmigrating  so  that  it  remains  in  the  polyolefin  coating  and  does 
not  exude  as  a  surface  film  on  the  polyolefin.  Such  exudation  not  only  can  give  rise  to  a  nonuniform  brightness 
of  the  reflection  surface  of  the  support,  but  also  readily  transfers  to  any  other  surface  contacted  with  it.  For 

20  example,  brightener  transferred  nonuniformly  to  the  backside  of  the  adjacent  layer  of  support  results  in  visual 
imperfections.  Brightener  when  migrated  to  the  surface  of  the  front  side,  can  when  would  in  roll  form,  adversely 
affect  subsequent  coating  and  finishing  operations  and,  in  consequence,  the  quality  and  performance  of  the 
final  element. 

US-A-4,794,071  discloses  a  photographic  element  containing  a  fluorescent  bis(benzoxazolyl)  stilbene  opt- 
25  ical  brightener  mixture.  The  support  in  the  disclosed  element  is  comprised  of  a  paper  base  material  having 

thereon  a  polyolefin  coating  containing  a  white  pigment  and  a  mixture  of  optical  brighteners,  such  mixture  com- 
prising  certain  fluorescent  bis(benzoxazolyl)stilbenes. 

While  the  elements  described  in  US-A-4,794,071  have  found  commercial  acceptance  further  improve- 
ments  in  resistance  to  brightener  exudation  and  increased  optical  brightening  power  is  desired.  Moreover  it 

30  would  be  advantageous  to  eliminate  the  need  to  prepare  a  mixture  of  optical  brighteners  and  the  cost  associ- 
ated  with  the  manufacture  and  use  of  three  different  compounds. 

The  present  invention  provides  a  polymer  comprising  4,4'-bis(5-methyl-2  benzoxazolyl)  stilbene  as  the 
sole  optical  brightener.  The  use  of  a  single  optical  brightenerfrom  the  mixture  unexpectedly  provides  improve- 
ments  in  resistance  to  exuding  and  improved  optical  brightening. 

35  The  invention  further  provides  a  photographic  element  comprising  a  paper  support  having  at  least  one  side 
thereof  and  a  polymer  coating  containing  a  white  pigment  and  4,4'-bis(5-methyl-2  benzoxazolyl)  stilbene  as 
the  sole  optical  brightener. 

The  4,4'-bis(5-methyl-2  benzoxazolyl)  stilbene  has  the  structure: 

40 
(C)  

45 

The  amount  of  the  brightener  which  is  used  in  the  polymer  is  an  amount  effective  to  brighten  the  reflective 
50  layer.  Such  amounts  of  the  mixture  can  be  from  0.01  percent  to  0.25,  preferably  0.04  to  0.1  0,  percent  by  weight 

based  on  the  total  weight  of  the  polymer,  including  the  white  pigment.  One  employs  an  amount  of  brightener 
sufficient  to  give  the  increase  in  brightness  desired. 

The  polymer  can  be  any  polymer,  especially  polyolef  ins  and  polyvinyl  chloride.  Representative  of  these 
materials  are  polyethylene,  polypropylene,  polystyrene,  polybutylene,  and  copolymers  thereof.  Polyethylene 

55  of  low,  medium  or  high  density  is  preferred.  The  polyolefin  can  by  copolymerized  with  one  or  more  copolymer- 
izable  monomers  including  vinyl  stearate,  vinyl  acetate,  acrylic  acid,  methyl  acrylate,  ethyl  acrylate,  acryla- 
mide,  methacrylic  acid,  methylmethacrylate,  ethyl  methacrylate,  metacrylamide,  butadiene,  isoprene,  and  vi- 
nyl  chloride.  The  polymers  can  be  copolymers  with  polyesters,  such  as  polyethylene  terephthalate,  polysul- 

2 
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fones,  polyurethanes,  polyvinyls,  polycarbonates,  cellulose  esters,  such  as  cellulose  acetate  and  cellulose  pro- 
pionate,  and  polyacrylates.  Preferred  polyolef  ins  are  film  forming  and  adhesive  to  paper.  Polyethylene  having 
a  density  in  the  range  of  from  0.910  g/cm3  is  particularly  preferred. 

The  optical  brightener  can  be  incorporated  into  the  polymer  by  conventional  methods.  Preferred  are  meth- 
5  ods  so  that  the  brightener  is  uniformly  dispersed  within  a  polyolefin.  Such  methods  include  a  melt  extrusion 

process,  a  kneader  extruder,  a  roll  mill,  a  high  shear  mixer,  or  a  twin-screw  compounder. 
The  white  pigment  incorporated  in  the  polymer  layer  can  be,  calcium  carbonate,  titanium  dioxide,  zinc  ox- 

ide,  zinc  sulfide,  zirconium  dioxide,  white  lead,  lead  sulfate,  lead  chloride,  lead  aluminate,  lead  phthalate,  an- 
timony  trioxide,  white  bismuth,  tin  oxide,  white  manganes,  white  tungsten  and  combination  thereof.  The  pig- 

to  ment  is  used  in  any  form  that  is  conveniently  dispersed  within  the  polymer.  The  preferred  pigment  is  titanium 
dioxide.  The  titanium  dioxide  preferably  is  anatase,  rutile  or  combinations  of  these  forms.  Enhanced  image 
resolution  in  a  photographic  element  can  be  obtained  by  the  addition  of  functional  amounts  of  such  highly  white- 
light  reflective  pigments  to  the  polyolefin  layer.  Preferably,  the  white  pigment  is  used  in  the  range  from  3  to 
35  percent,  more  preferably  5  to  25  percent  by  weight  based  on  the  total  weight  of  the  polyolefin  coating.  Ti- 

15  tanium  dioxide  at  levels  of  5  to  20  percent  is  particularly  useful. 
In  addition  to  the  brightener  and  the  white  pigment,  the  polymer  coating  can  contain,  if  desired,  a  variety 

of  additives  including  antioxidants  such  as  4,4'-butylidene-bis(6-tert-butyl-meta-cresol),  dilauryl-3,3'-thiodi- 
propionate,  N-butylated-p-aminiphenol,  2,6-ditert-butyl-p-cresol,  2,6-di-tert-butyl-4-methylphenol,  N,N-disali- 
cyidene-1  ,2-diaminipropane,  tetra(2,4-di-tert-butylphenyl)-4,4'-diphenyldiphenyldiphosphonite,  octadecyl  3- 

20  (3",5'-di-tert-butyl-4'-hydroxyphenyl  propionate),  combinations  of  the  above,  and  the  like;  heat  stabilizers, 
such  as  higher  aliphatic  acid  metal  salts  such  as  magnesium  stearate,  calcium  stearate,  zinc  stearate,  as  mag- 
nesium  stearate,  calcium  palmitate,  sodium  palmitate,  zirconium  octylate,  sodium  laurate,  and  salts  of  benzoic 
acid  such  as  sodium  benzoate,  calcium  benzoate,  magnesium  benzoate  and  zinc  benzoate;  additional  optical 
brighteners;  antistatic  agents;  dispersing  agents;  UV  stabilizers,  coating  aids;  slip  agents;  lubricants;  dyes; 

25  and  the  like,  as  is  well  known  to  those  skilled  in  the  art.  Additionally,  emulsion  side  resins  can  contain  one  or 
more  pigments,  such  as  the  blue,  violet  or  magenta  pigments  described  in  US-A-3,501  ,298,  or  pigments  such 
as  barium  sulfate,  colloidal  silica,  calcium  carbonate  and  the  like. 

The  paper  base  material  employed  in  accordance  with  the  invention  can  be  any  paper  base  material  which 
as  heretofore  been  considered  useful  for  photographic  support.  The  weight  and  thickness  of  the  support  can 

30  be  varied  depending  on  the  intended  use.  A  preferred  weight  range  is  from  20  g/m2  to  500  g/m2.  Preferred  thick- 
nesses  are  20  mm  to  500  mm.  It  is  preferred  to  use  a  paper  base  material  calendered  to  a  smooth  surface. 
The  paper  base  material  can  be  made  from  any  suitable  paper  stock  preferably  comprising  hard  or  softwood. 
Either  bleached  or  unbleached  pulp  can  be  utilized  as  desired.  The  paper  base  material  can  also  be  prepared 
from  partially  esterif  ied  cellulose  fibers  or  from  a  blend  of  wood  cellulose  and  a  suitable  synthetic  fiber  such 

35  as  a  blend  of  wood  cellulose  and  polyethylene  fiber. 
As  is  known  to  those  skilled  in  the  art,  the  paper  base  material  can  contain,  if  desired,  agents  to  increase 

the  strength  of  the  paper  such  as  wet  strength  resins,  for  example,  the  amino-aldehyde  or  polyamideepichlor- 
ohydrin  resins,  and  dry  strength  agents,  for  example,  starches,  including  both  ordinary  starch  and  cationic 
starch,  or  polyacrylamide  resins.  In  a  preferred  embodiment  of  this  invention  ,  the  amino-aldehyde,  polyamide- 

40  epichlorohydrin  and  polyacylamide  resins  are  used  in  combination  as  described  in  US-A-3,592,731.  Other  con- 
ventional  additives  include  water  soluble  gums,  for  example,  cellulose  ethers  such  as  carboxymethyl  cellulose, 
sizing  agents,  for  example,  a  ketene  dimer,  sodium  stearate  which  is  precipitated  onto  the  pulp  fibers  with  a 
polyvalent  metal  salt  such  as  alum,  aluminum  chloride  or  aluminum  sulfate;  fluorescing  agent;  antistatic  agents; 
filters,  including  clays  or  pigments  such  as  titanium  dioxide;  dyes;  and  so  forth. 

45  It  is  to  be  understood  that  although  paper  is  a  preferred  support,  the  nature  of  the  support  is  not  a  critical 
feature  of  the  invention  .  Thus  for  example  the  paper  su  pport  may  be  su  bstituted  by  a  synthetic  paper  or  a  plastic 
film. 

The  coating  of  the  paper  base  material  with  the  polyolefin  preferably  is  by  extrusion  from  a  hot  melt  as  is 
known  in  the  art.  The  paper  base  material  preferably  is  treated  with  corona  discharge  to  obtain  good  adhesion 

so  before  the  polyolefin  coating  is  extruded  thereon,  as  described  in  US-A-3,41  1  ,908.  The  invention  can  be  prac- 
ticed  within  a  wide  range  of  extrusion  temperatures,  for  example,  150°-350°C,  and  speeds  for  example,  60 
m/min.  to  460  m/min.,  depending  on  the  particular  intended  application  of  the  support.  For  many  applications, 
preferred  extrusion  temperatures  are  310°-330°C.  The  optical  brightener  is  stable  to  such  temperatures.  Under 
these  conditions,  the  aforedescribed  polyolefin  coating,  over  which  the  silver  halide  emulsion  is  applied,  is  coat- 

55  ed  onto  the  paper  base  material  in  a  coverage  of  1  to  100  g/m2,  at  a  uniform  thickness  ranging  from  1  to  100 
mm.  About  the  same  coverage  of  clear  polyetheylene  coating  preferably  is  applied  to  the  side  of  the  paper  base 
material  opposite  to  the  pigmented  polyolefin  coating.  As  such,  the  polyolefin  coatings  are  particularly  effective 
in  preventing  acid  and  alkaline  photographic  processing  solutions  from  penetrating  to  the  paper  base. 

3 
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As  noted,  photographic  elements  in  accordance  with  this  invention  comprise  the  above-described  optically 
brightened  photographic  support  and  at  least  one  silver  halide  emulsion  layer.  Any  of  the  known  silver  halide 
emulsion  layers,  such  as  those  described  in  Research  Disclosure,  Vol.  176,  December  1978,  Item  7643  and 
Research  Disclosure,  Vol.  225,  January  1983,  Item  22534,  the  disclosures  of  which  are  hereby  incorporated 

5  by  reference  in  their  entirety,  are  useful  in  preparing  photographic  elements  in  accordance  with  this  invention. 
Generally,  the  photographic  element  is  prepared  by  coating  the  support  with  one  or  more  layers  comprising  a 
dispersion  of  silver  halide  crystals  in  an  aqueous  solution  of  gelatin,  and  optionally,  one  or  more  stubbing  lay- 
ers,  and  so  forth.  The  coating  process  is  generally  carried  out  on  a  continuously  operating  machine  wherein 
a  single  layer  or  a  plurality  of  layers  are  applied  to  the  support.  For  multilayer  elements,  layers  are  generally 

10  coated  simultaneously  on  the  support  as  described  in  US-A-2,761  ,791  ,  and  US-A-3,508,947.  Additional  useful 
coating  and  drying  procedures  are  described  in  Research  Disclosure,  Vol.  176,  December  1978,  Item  17643. 

The  following  examples  illustrate  the  unexpected  improvements  obtainable  through  use  of  the  present  in- 
vention. 

15  Example  1 

Evaluation  of  4,4'-Bis(5-methyl-2-benzoxazolyl)stilbene  as  sole  optical  brightener  in  Ti02-pigmented  poly- 
ethylene-coated  paper. 

A  mixture  of  60%  polyethylene,  31%  Ti02,  7.5%  ZnO,  1.25%  calcium  stearate,  0.25%  antioxidant,  0.15% 
20  optical  brightener  and  low  level  of  red  and  blue  colorants  was  blended  extruded  at  200°C  and  pelletized.  This 

was  labeled  Blend  A 
Various  levels  of  optical  brightener  in  polyethylene  were  prepared  by  diluting  Blend  A  with  a  calculated 

amount  of  polyethylene.  These  mixtures  were  then  used  to  produce  a  1  mil  (0.0254  mm)  thick  coating  on  one 
side  of  a  6.5  mil  (  0.1651  mm)  thick  paper.  To  the  other  side  of  the  paper,  a  1  mil  (0.0254  mm)  thick  coating  of 

25  neat  polyethylene  was  extrusion  coated  to  provide  curl  control. 
Coated  paper  samples  were  tested  for  color  properties  on  the  optical  brightener  side  of  the  paper  using  a 

Pacific-Standard  Spectrogard  Spectrophotometer.  CIELAB  b*  values,  as  specified  by  the  CIELAB  1976  col- 
orimetricy  measurement  system,  were  obtained  in  two  different  measurement  modes:  (1)  UVI  (ultraviolet  por- 
tion  of  the  spectrum  included  in  the  incident  light  beam)  and  (2)  UVO  (ultraviolet  portion  of  the  spectrum  filtered 

30  out  of  the  incident  beam).  A  measure  of  the  effectiveness  of  the  optical  brightener  was  obtained  by  subtracting 
the  value  of  b*  at  UVO  conditions  from  b*  at  UVI  conditions.  This  calculates  the  contribution  to  the  blueness 
of  the  support  by  the  included  optical  brightener.  The  larger  the  negative  number  for  this  value,  called  delta 
b*,  the  larger  the  optical  brightening  effect. 

Coated  paper  samples  were  also  tested  for  optical  brightener  migration.  This  was  accomplished  by  placing 
35  stacks  of  4-inch  (0.1016  mm)  wide  by  12-inch  (0.3048  mm)  long  strips  in  an  oven  controlled  to  a  specific  tem- 

perature  and  relative  humidity.  Samples  were  periodically  withdrawn,  examined  under  UV  light  and  given  a 
visual  rating  based  on  the  amount  of  the  optical  brightener  present  at  the  surface  of  the  polyethylene  coating. 
The  number  of  days  needed  to  reach  a  severe  level  of  migration  was  recorded.  A  severe  level  of  migration  had 
perhaps  20%  or  more  of  the  surface  coated  with  the  optical  brightener  (visible  as  yellowness  on  the  surface, 

40  due  to  its  inability  to  fluoresce  once  it  crystallizes  at  the  surfaces). 

45 

50 

55 
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T e s t   R e s u l t s  

Days  of  M i g r a t i o n  
OB  wt%  D e l t a   b*  1 1 0 ° F / 5 0 %   RH  1 4 0 ° F / 5 0 %   RH 

I  0 . 0 4   - 4 . 3 4   >42  >42  
0 .06   - 4 . 7 8   >42  >42 
0 .08   - 5 . 2 9   >42  >42  
0 .10   - 5 . 4 8   >42  >42 

I I   0 . 0 8   - 5 . 0 0   22  20  
0 .10   - 5 . 3 4   20  9 

OB-1  0 .08   - 4 . 4 9   <3  <3 
0 .10   - 4 . 6 2   <3  <3 

O B - t - B u   0 .05   - 3 . 5 8   16  3 
0 .06   - 3 . 5 9   7  <2 

OB-Oct   0 .16   - 4 . 5 6   <2  <2 
Hos t   KS  0 .08   - 4 . 8 4   >42  >42  

0 .10   - 5 . 1 7   >42  >42  
0 .12   - 5 . 2 0   42  20  

I  4 , 4 '   - B i s   ( 5 - m e t h y l - 2 - b e n z o x a z o l y l )   s t i l b e n e .  
I I   4 , 4 '   - B i s   ( 5 - e t h y l - 2 - b e n z o x z o l y l )   s t i l b e n e .  
OB-1  4 , 4 '   - B i s   (2  - b e n z o x a z o l y l )   s t i l b e n e .  
O B - t - B u   4 , 4 '   - B i s   ( 5 - t - b u t y l - 2 - b e n z o x a z o l y l )   s t i l b e n e .  
O B - t - O c t   4 , 4 '   - B i s   (5-  t - o c t y l - 2 - b e n z o x a z o l y l )   s t i l b e n e .  
Hos t   KS  H o s t a l u x   KS,  p r o d u c t   of  H o e c h s t   C e l a n e s e ,   a  

m i x t u r e   of  c o m p o u n d   I,  OB-1,  and  4-  (5  - m e t h y l   -  
2 - b e n z o x a z o l y l )   -4  1  -  (2  - b e n z o x a z o l y l )   s t i l b e n e  
d i s c l o s e d   in  U.S.   P a t e n t   4 , 7 9 4 , 0 7 1 .  

These  test  results  show  that  Compound  I  gives  more  intense  fluorescence  (larger  negative  delta  b*  values) 
than  all  other4,4'-bis(2-benzoxazolyl)stilbenes,  as  well  as  mixtures  of  such  compounds  that  include  compound 
I,  at  equivalent  concentrations,  and  Compound  I  shows  least  migratory  among  all  other  stilbenes  with  equiv- 
alent  fluorescence.  Indeed  compound  I  is  unexpectedly  better  than  the  mixture  Host  KS  that  includes  com- 
pound  I.  This  is  synergistic  in  that  brightening  and  migration  inhibition  of  compound  I  alone  is  better  than  the 
mixture.  These  results  also  show  that  this  invention  is  unobvious  in  view  of  the  poor  results  obtained  with  struc- 
turally  similar  compounds  and  mixtures  of  such  compounds.  Thus  compositions  free  of  other  optical  brighten- 
ers  provide  improve  results. 

Example  2 

Evaluation  of  4,4'-Bis(5-methyl-2-benzoxazolyl)stilbene  as  sole  optical  brightener  in  Polyvinyl  chloride. 
A  mixture  of  PVC  (100  parts  per  hundred)  (Geon  300,  100  phr),  Dioctyl  phthalate  (40  parts  per  hundred), 

heat  stabilizer  comprising  a  mixture  of  zinc,  barium  and  cadnium  carboxylates  (1  .5  parts  per  hundred),  Ti02 
(2  parts  per  hundred),  and  optical  brightener  (0.01  and  0.01  parts  per  hundred)  were  blended,  dispersed,  hot 
two-roll  milled  at  160-165°C  and  pressed  into  30-mil  (0.735  mm)  flexible  film.  The  yellowness  of  these  film 
samples  were  determined  by  using  a  Gardner  color  difference  meter  and  described  as  b-values 

* I  
I I  
O B - 1  
O B - t - B u  
O B - t - O c t  
Hos t   KS 
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T e s t   R e s u l t s  

W h i t e n i n g   Ef  f  e c t   / b - V a l u e  

OB  0.01%  0 . 0 2 %  

None  2 . 5 8  

1  - 0 . 3 0   - 0 . 6 1  
OB-1  0 .17   0 . 0 3  
O B - t - B u   0 .45   - 0 . 4 3  
*OB-4  0 .15   - 0 . 6 0  
*U-OB  1 .19   o . l 7  
*H-KCB  0 .44   - 0 . 1 1  

*OB-4  A  m i x t u r e   of  compound   I,  OB-1  and  4-  ( 5 -  
m e t h y l - 2   - b e n z o x a z o l y l )   -4  '  -  ( 2 -  

20  b e n z o x a z o l y l   )  s t i l b e n e   . 
U-OB  U v i t e x   OB,  p r o d u c t   of  C iba   G e i g y ,   2 , 5 - b i s ( 5 -  

t - b u t y l - 2 - b e n z o x a z o l y l )   t h i o p h e n e   . 
H-KCB  H o s t a l u x   KCB,  p r o d u c t   of  H o e c h s t   C e l a n e s e ,  

1  ,  4 - b i s   ( 5 - t - b u t y l - 2 - b e n z o x a z o l y l )   n a p h t h a l e n e   . 25 

Compound  I  is  the  most  effective  fluorescent  whitening  agent  for  PVC  among  all  optical  brighteners  tested, 
including  mixtures  of  optical  brighteners  that  include  compound  I. 

30 
Claims 

I.  A  polymer  comprising  4,4'-bis(5-methyl-2  benzoxazolyl)  stilbene  as  the  sole  optical  brightener. 

35  2.  The  polymer  of  claim  1  also  containing  a  white  pigment. 

3.  The  polymer  of  claim  1  wherein  the  optical  brightener  is  present  in  the  polymer  at  a  concentration  of  0.04 
to  0.10  weight  percent. 

40  4.  The  polymer  of  claim  2  wherein  the  polymer  is  selected  from  the  group  consisting  of  polyolef  ins  and  poly- 
vinyl  chlorides. 

5.  The  polymer  of  claim  4  wherein  the  polyolefin  is  polyethylene. 

45  6.  The  polymer  of  claim  2  wherein  the  pigment  is  titanium  dioxide. 

7.  A  photographic  element  comprising  a  paper  support  having  at  least  one  side  thereof  a  polymer  coating 
containing  a  white  pigment  and  4,4'-bis(5-methyl-2  benzoxazolyl)  stilbene  as  the  sole  optical  brightener. 

50  8.  The  element  of  claim  7  wherein  the  optical  brightener  is  present  in  the  polymer  at  a  concentration  of  0.04 
to  0.10  weight  percent. 

9.  The  element  of  claim  8  wherein  the  polymer  is  a  polyolef  ins. 

55  10.  The  element  of  claim  9  wherein  the  polyolefin  is  polyethylene. 

II.  The  element  of  claim  7  wherein  the  pigment  is  titanium  dioxide. 
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