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©  Process  for  the  production  of  a  silver  image  including  a  stabilisation-fixing  treatment. 
  A  process  for  the  production  of  a  silver  image  including 
a  stabilisation-fixing  treatment  of  said  image  formed  by 
development  of  an  imagewise  exposed  photographic  silver 
halide  emulsion  material,  wherein  the  imagewise  exposed 
and  developed  silver  halide  emulsion  material  is  treated  with 
an  aqueous  solution  containing  an  alkali  metal  thiosulphate 
and  a  cyclic  thiourea  compound  corresponding  to  the 
following  general  formula  or  a  tautomeric  structure  thereof: 

wherein: 
R  represents  hydrogen  or  a  hydrocarbon  group,  and 
Z  represents  a  bivalent  saturated  hydrocarbon  group, 

including  said  group  in  substituted  form,  forming  a  5-  or 
6-membered  heterocyclic  ring  with  the 

group. 



The  p re sen t   i n v e n t i o n   r e l a t e s   to  a  process   for  the  p r o d u c t i o n   of  a 

s i l v e r   image  i nc lud ing   a  s t a b i l i s a t i o n - f i x i n g   t r e a t m e n t   of  an  i m a g e - w i s e  

exposed  and  developed  p h o t o g r a p h i c   s i l v e r   ha l ide   emulsion  m a t e r i a l   t o  

obtain   an  image  having  improved  heat  and/or   l i gh t   s t a b i l i t y .  

S t a b i l i s i n g   baths  for  exposed  and  developed  pho tog raph i c   s i l v e r  

ha l ide   emulsion  l ayers   which  c o n t a i n   a  l a rge   v a r i e t y   of  o rgan ic   m e r c a p t o  

compounds  are  s t a t e   of  the  ar t   and  p a r t i c u l a r s   concern ing   such  baths  a r e  

de sc r ibed ,   e .g .   in  the  book  "Modern  Pho tograph ic   P roces s ing"   Vol.  2  o f  

Grant  H a i s t  -   A  Wiley  I n t e r s c i e n c e   P u b l i c a t i o n  -   (1979)  New  York -   p .  
210-227.  

An  e f f e c t i v e   s t a b i l i s i n g   agent  showing  no  unwanted  side  e f f e c t s  

should  meet  some  demands  which  are  i . a .  :  

1.  to  be  s t a b l e   in  a l k a l i n e   and/or   acid  p r o c e s s i n g   c o n d i t i o n s ,  

2.  to  be  o d o u r l e s s ,   n o n - t o x i c ,   n o n - d e l i q u e s c e n t   and  n o n - c o r r o s i v e ,  

3.  to  r eac t   r a p i d l y   with  s i l v e r   ions  wi thout   changing  the  b i n d i n g  

p r o p e r t i e s   of  the  g e l a t i n   in  the  emulsion  l a y e r ,  

4.  to  form  a  c o l o u r l e s s   compound  with  s i l v e r   ions,   p r e f e r a b l y   a 

c o l o u r l e s s   t r a n s p a r e n t   compound  when  t r e a t i n g   s i l v e r   h a l i d e   on  a 

t r a n s p a r e n t   s u p p o r t ,  

5.  to  form  a  compound  with  s i l v e r   ions  tha t   is  r e s i s t a n t   to  c h a n g e ,  

e s p e c i a l l y   in  hot,  humid  c o n d i t i o n s   and  under  l i g h t - e x p o s u r e ,   and 

6.  to  reduce  as  less  as  p o s s i b l e   the  o p t i c a l   d e n s i t y   of  t h e  

pho tog raph i c   s i l v e r   image .  

No  compound,  u n f o r t u n a t e l y   has  yet  s a t i s f i e d   all   these   r e q u i r e m e n t s  

and  thus  a  c o n s t a n t   search  for  new  s t a b i l i s i n g   agents   or  advan tageous   new 
combina t ions   of  a l r eady   known  s t a b i l i s i n g   agents  is  s t i l l   going  o n .  

The  fundamenta l   d i f f e r e n c e   between  conven t iona l   and  s t a b i l i s i n g  

p roces s ing   is  t h a t   whereas  in  the  former  care  is  taken  to  remove  t h e  

r e s idua l   s i l v e r   ha l ide   c o m p l e t e l y   from  the  pho tog raph ic   m a t e r i a l   by 

d i s s o l u t i o n   in  complexed  form  and  d i f f u s i o n ,   in  the  l a t t e r   a  c o n s i d e r a b l e  

part   of  undeveloped  s i l v e r   h a l i d e   is  t r ans fo rmed   into  a 

n o n - l i g h t - s e n s i t i v e   subs tance   t ha t   remains  in  the  pho tog raph i c   m a t e r i a l .  

It  fo l lows   from  the  above  t h a t   the  only  d i s t i n c t i o n   between  t h e  

agents  in  ques t i on   is  t h a t   the  s t a b i l i s i n g   agent  forms  an  i n s o l u b l e  

n o n - l i g h t s e n s i t i v e   s i l v e r   compound  while  the  f i x i n g   agent  forms  a  s o l u b l e  



s i l v e r   complex.  However,  the  s o l u b i l i t y   of  said  compounds  in  a  g i v e n  
medium  var ies   i n t e r   a l ia   with  the  pH-value  of  the  medium.  Thus  one 

compound  may  be  e f f e c t i v e   as  s t a b i l i s i n g   agent  as  well  as  a  f i x i n g   a g e n t  

depending  on  the  pH-value  of  the  p r o c e s s i n g   b a t h .  

According  to  the  pub l i shed   J P - a p p l i c a t i o n   58-114035  f i x a t i o n   and 

s t a b i l i s a t i o n   are  c a r r i e d   out  in  subsequen t   s t eps ,   the  p r o c e s s i n g   o f  

imagewise  exposed  b l a c k - a n d - w h i t e   s i l v e r   emulsion  m a t e r i a l s   c o m p r i s i n g  

the  s teps  o f  :  

(1)  developing  o p t i o n a l l y   by  a l k a l i   a c t i v a t e d   t r e a t m e n t ,  

(2)  f i x i n g ,   and 

(3)  i m a g e - s t a b i l i s i n g   t r e a t m e n t .  

In  the  i m a g e - s t a b i l i s i n g   t r e a t m e n t   a  s o l u t i o n   is  used  c o n t a i n i n g   a t  

leas t   one  compound  (A)  and  (B).  Compound  (A)  is  an  iodide   of  a l k a l i  

metals  and  ammonium.  Compound  (B)  co r r e sponds   to  the  fo l lowing   g e n e r a l  
f o r m u l a  :  

w h e r e i n  :  

X  r e p r e s e n t s   hydrogen,  a l k a l i   meta l ,   ammonium  or  organic   amine,  and 

Z  r e p r e s e n t s   the  n o n - m e t a l l i c   atoms  n e c e s s a r y   to  form  a  5-  o r  

6-membered  h e t e r o c y c l i c   n u c l e u s .  

It  is  an  ob jec t   of  the  p r e s e n t   i n v e n t i o n   to  provide  a 

s t a b i l i s i n g - f i x i n g   t r e a t m e n t   of  exposed  and  developed  p h o t o g r a p h i c   s i l v e r  

hal ide  emulsion  m a t e r i a l s   y i e l d i n g   p a r t i c u l a r l y   s t ab l e   images  u n d e r  

cond i t i ons   of  heat ,   high  r e l a t i v e   humidi ty   and  l igh t   e x p o s u r e .  
Other  ob j ec t s   and  advantages   of  the  p re sen t   inven t ion   wil l   a p p e a r  

from  the  f u r t h e r   d e s c r i p t i o n .  

In  accordance  with  the  p r e s e n t   i nven t ion   a  process   for  the  p r o d u c t i o n  

of  a  s i l v e r   image  inc lud ing   a  s t a b i l i s i n g - f i x i n g   t r e a t m e n t   of  said  image 

formed  by  development  of  an  imagewise  exposed  pho tog raph ic   s i l v e r   h a l i d e  

emulsion  ma te r i a l   is  p rovided  wherein  the  imagewise  exposed  and  d e v e l o p e d  

s i l v e r   hal ide   emulsion  m a t e r i a l   is  t r e a t e d   with  an  aqueous  s o l u t i o n  

con ta in ing   an  a lka l i   metal  t h i o s u l p h a t e   and  a  cyc l i c   t h i o u r e a   compound 

cor responding   to  the  f o l l owing   general   formula  (X)  or  a  c o r r e s p o n d i n g  

tautomer ic   s t r u c t u r e   t h e r e o f  :  



w h e r e i n  :  

R  r e p r e s e n t s   hydrogen  or  a  hydrocarbon  group,  e .g .   an  a l k y l ,   a l k e n y l ,  

aryl  or  a r a lky l   group,  and 

Z  r e p r e s e n t s   a  b i v a l e n t   s a t u r a t e d   hydrocarbon  group  i n c l u d i n g   s a i d  

group  in  s u b s t i t u t e d   form  forming  a  5-  or  6-membered  h e t e r o c y c l i c  

r ing  with  t h e  

g r o u p .  

The  f o l l owing   Table  1  con ta in s   a  l i s t   of  s p e c i f i c   compounds  w i t h i n  

the  scope  of  the  above  general   formula  (X)  with  a  l i t e r a t u r e   r e f e r e n c e  

for  t h e i r   p r e p a r a t i o n .  

In  the  p r e p a r a t i o n   of  a  t r e a t i n g   l i qu id   used  accord ing   to  the  p r e s e n t  

i n v e n t i o n   the  s p e c i f i e d   h e t e r o c y c l i c   compounds  are  simply  d i s s o l v e d   in  

water  t o g e t h e r   with  the  other   i n g r e d i e n t s .  



According  to  a  p r e f e r r e d   embodiment  the  pH  of  the  t r e a t i n g   l i q u i d  i s  

in  the  ac id ic   range,  e .g .   in  the  range  of  6  to  4.  Small  amounts  o f  

w a t e r - s o l u b l e   s o l v e n t s ,   e .g .   a c e t i c   acid  and  w a t e r - m i s c i b l e   a l coho l s   may 

be  added  to  improve  the  d i s s o l u t i o n   of  the  cyc l i c   t h i o u r e a   compound. 

According  to  a  p r e f e r r e d   embodiment  the  t r e a t i n g   l i q u i d s   u sed  

according   to  the  p re sen t   i n v e n t i o n   con ta in   an  a n t i - o x i d i z i n g   agent  t o  

s h i e l d   the  cyc l i c   t h i o u r e a   compound  from  ae r i a l   o x i d a t i o n .   S u i t a b l e  

a n t i - o x i d i z i n g   agents  are  a sco rb i c   acid  and  compounds  y i e l d i n g   s u l p h i t e  

ions  such  as  sodium  s u l p h i t e   and  potass ium  m e t a b i s u l p h i t e .  

The  p re sen t   i m a g e - s t a b i l i s i n g   p rocess   makes  it  p o s s i b l e   to  e l i m i n a t e  

the  customary  washing  p rocedure   and  yet  to  obta in   a  s a t i s f a c t o r y   s t a b l e  

p r i n t .  

The  t r ea tmen t   of  the  developed  s i l v e r   image  with  the  above  aqueous  
s o l u t i o n   c o n t a i n i n g   a l k a l i   metal  t h i o s u l p h a t e   ions  and  the  c y c l i c  

t h i o u r e a   compound  c o r r e s p o n d i n g   to  the  general   formula  (X)  may  be 

preceded  by  a  r i n s i n g   t r e a t m e n t   but  such  is  not  s t r i c t l y   n e c e s s a r y .  
The  i m a g e - s t a b i l i s i n g   l i q u i d s   used  according  to  the  p r e s e n t   i n v e n t i o n  

do  not  a l t e r   the  binding  p r o p e r t i e s   of  g e l a t i n ,   so  t h a t   no  s t i c k y   g e l a t i n  

s i l v e r   ha l ide   emulsion  l aye r s   are  obta ined  as  is  the  case  when  u s i n g  

s t a b i l i s i n g   l i qu id s   based  on  t h i o c y a n a t e s .   Fur the r   no  p a r t i c u l a r   o d o u r  

is  produced  and  t o x i c i t y   and  c o r r o s i v i t y   are  very  low.  

The  s t a b i l i s i n g - f i x i n g   t r e a t m e n t   according  to  the  p r e s e n t   i n v e n t i o n   i s  

p a r t i c u l a r l y   e f f e c t i v e   for  the  s t a b i l i s a t i o n   of  s i l v e r   images  ob ta ined   by 

means  of  s i l v e r   ha l ide   emulsion  layers   wherein  the  s i l v e r   h a l i d e   is  f o r  

at  l eas t   50  mole  %  s i l v e r   c h l o r i d e .   The  p resen t   s t a b i l i s i n g - f i x i n g  

t r ea tmen t   is  very  e f f e c t i v e   when  used  in  c o n j u n c t i o n   with  s i l v e r   h a l i d e  

emulsion  layers   having  a  s i l v e r   ha l ide   coverage,   the  s i l v e r   ha l ide   b e i n g  

expressed  in  an  e q u i v a l e n t   amount  of  s i l v e r   n i t r a t e ,   not  h igher   than  4  g 

per  sq .m.  
The  t r e a t m e n t   accord ing   to  the  p resen t   i nven t ion   p rov ides   image 

s t a b i l i s a t i o n   in  a  shor t   t ime.  S t a b i l i s i n g   t r e a t m e n t   accord ing   to  t h e  

p resen t   i nven t ion   may  be  t e r m i n a t e d   in  30  s  at  room  t e m p e r a t u r e   (20°C) 

and  may  be  t e r m i n a t e d   in  15  s  at  35  °C .  

The  s t a b i l i s i n g - f i x i n g   t r e a t m e n t   can  be  used  for  p h o t o g r a p h i c  

b l a c k - a n d - w h i t e   papers  and  f i l m s ,   e .g .   graphic  art   f i lm  m a t e r i a l s ,   but  i s  

l ikewise   a p p l i c a b l e   for  the  image  s t a b i l i s a t i o n   of  pho tog raph i c   c o l o u r  

m a t e r i a l s   wherein  r e s i d u a l   s i l v e r   ha l ide   may  not  r e m a i n .  



The  p h o t o g r a p h i c   m a t e r i a l s   may  c o n t a i n   a l r eady   before   the  e x p o s u r e  

some  or  all  of  the  developing  a g e n t ( s )   used  in  the  development  s t e p .  

When  the  deve lop ing   agents  are  p r e s e n t   a l r eady   in  the  p h o t o g r a p h i c  

m a t e r i a l   during  the  exposure  the  development   may  be  c a r r i e d   out  with  a 

s o - c a l l e d   a c t i v a t o r   bath  which  is  an  a l k a l i n e   aqueous  l i q u i d   being  f r e e  

from  deve lop ing   agents  and  a c t i v a t e s   these   agents   a l r eady   p resen t   in  t h e  

pho tog raph ic   m a t e r i a l .  

The  s i l v e r   images  s t a b i l i s e d   a cco rd ing   to  the  p r e s e n t   i nven t ion   show  a 

very  low  da rken ing   in  the  non-image  area   under  c i r c u m s t a n c e s   of  h e a t ,  

humidi ty   and/or   l i g h t - e x p o s u r e .  

Very  advantageous   r e s u l t s   are  o b t a i n e d   with  a  f i x i n g - s t a b i l i s i n g  

l i q u i d   wherein  the  above  def ined  c y c l i c   t h i o u r e a   compound  is  p r e sen t   in  a 

c o n c e n t r a t i o n   of  1x10-4  mole  to  1x10 -1  mole  per  l i t e r   in  c o n j u n c t i o n  

with  an  a l k a l i   meta l ,   e.g.   sodium  t h i o s u l p h a t e ,   in  a  c o n c e n t r a t i o n   of  0 . 1  

mole  to  1.5  mole  per  l i t e r .  

It  has  been  found  advantageous   to  inc lude   a  washing  s t e p   to  have  s t i l l  

r e s i d u a l   amounts  of  t h i o s u l p h a t e   and  complexed  s i l v e r   ha l i de   e l i m i n a t e d .  

According  to  a  p a r t i c u l a r   embodiment  the  washing  l i q u i d   l i k e w i s e  

i n c o r p o r a t e s   a  said  cyc l ic   t h i o u r e a   compound,  e .g.   in  an  amount  up  t o  
1 x 1 0   mole  per  l i t e r .  

The  a p p l i c a t i o n   of  the  t r e a t i n g   l i q u i d s   used  in  the  p r o c e s s i n g   o f  

p h o t o g r a p h i c   s i l v e r   ha l ide   emulsion  m a t e r i a l s   may  proceed  by  immers ion  

but  more  a d v a n t a g e o u s l y   proceeds  by  meniscus  coa t ing   using  a  l i c k - r o l l e r ,  

sponge  or  r e s i l i e n t   r o l l e r   to  l im i t   the  volume  of  app l i ed   l i q u i d  .  

In  the  p r o c e s s i n g   of  an  image-wise  exposed  s i l v e r   ha l i de   e m u l s i o n  

m a t e r i a l   accord ing   to  the  p re sen t   i n v e n t i o n   it   is  in  favour   of  e f f e c t i v e  

s t a b i l i s a t i o n   to  keep  the  pH  of  the  l i q u i d ( s )   c o n t a i n i n g   said  c y c l i c  

t h i o u r e a   compound  in  the  ac id ic   range  and  t h e r e f o r e   to  e l i m i n a t e   as  much 

as  p o s s i b l e   of  the  a l k a l i n e   deve lop ing   or  development  a c t i v a t i n g   l i q u i d  

from  the  m a t e r i a l   before  applying  the  s t a b i l i s i n g   l i q u i d .   Such  may 

proceed  by  squeegee,   e .g .   with  r o l l e r s   or  by  applying  an  i n t e r m e d i a t e  

r i n s i n g   s t e p .  

The  f o l l owing   example  i l l u s t r a t e s   the  p r e sen t   i n v e n t i o n   w i t h o u t ,  

however,  l i m i t i n g   it  t h e r e t o .  



Example  1. 

A  pho tog raph ic   m a t e r i a l   having  on  a  paper  base  a  b l a c k - a n d - w h i t e  

g e l a t i n e - s i l v e r   ha l ide   emulsion  layer   the  s i l v e r   ha l ide   of  which  c o n t a i n s  

97.6  mole  %  of  c h l o r i d e ,   2  mole  %  of  bromide  and  0.4  %  of  iodide   at  a 

coverage  e q u i v a l e n t   to  2.7  g  of  AgN03/m2  and  having  a  g e l a t i n   t o  

AgN03  r a t i o   of  0.56  and  c o n t a i n i n g   in  a  layer   s u b j a c e n t   to  the  s i l v e r  

ha l ide   emulsion  layer   and  in  a  top  layer  t h e r e t o   a  t o t a l   amount  of  0 .71  

g/m  of  hydroquinone  and  0.16  g/m 2  o f  

1 - p h e n y l - 3 - p y r a z o l i d i n o n e   was  p r e p a r e d .  

Said  p h o t o g r a p h i c   m a t e r i a l   was  t r e a t e d   in  unexposed  s t a t e   for  10  s  a t  

20°C  with  an  a l k a l i n e   aqueous  a c t i v a t o r   l i qu id   having  the  f o l l o w i n g  

c o m p o s i t i o n  :  

The  developed  m a t e r i a l   was  led  between  squeegee  r o l l e r s   to  remove  t h e  

major  part   of  adher ing   a l k a l i n e   l iqu id   and  was  then  dipped  for   5  s  a t  

20 °C  into  a  f i x i n g   or  s t a b i l i s i n g - f i x i n g   l iqu id   as  de f ined   in  t h e  

fo l lowing   Table  2 .  

Liquid  no.  1  con t a ined   per  l i t e r   198.5  g  (0.80  mole)  of  sodium 

t h i o s u l p h a t e . 5   water  and  25  g  of  potassium  m e t a b i s u l p h i t e .  

Liquid  no.  2  had  the  same  composi t ion   as  l i qu id   no.  1  but  inc luded  in  

add i t ion   t h e r e t o   per  l i t e r   10  g  of  2 - t h i o - h e x a h y d r o p y r i m i d o n e - 2 .  

Where  i n d i c a t e d   in  Table  2  the  f i x i n g - s t a b i l i s a t i o n   was  fol lowed  by 

r i n s i n g .   The  r i n s i n g   was  e f f e c t e d   by  conveying  the  m a t e r i a l   for   10  s  a t  

20 °C  through  a  t r ay   c o n t a i n i n g   p la in   w a t e r .  

The  e f f i c i e n c y   of  the  s t a b i l i s a t i o n   was  de termined  by  measuring  t h e  

change  in  o p t i c a l   d e n s i t y   ( Δ   D)  obta ined  a f t e r   keeping  one  s t r i p   (i)  o f  

the  p rocessed   m a t e r i a l   for  3  days  in  the  dark  at  35 °C  at  80  %  r e l a t i v e  

humidity  and  ano ther   s t r i p   ( i i )   for  4  h  in  a  XENOTEST  ( t r ade   name) 

exposure  appa ra tus   wherein  the  s t r i p   was  sub jec ted   to  a  white  l i g h t  

i l l u m i n a t i o n   of  180,000  l u x .  





1.  A  process   for  the  p roduc t ion   of  a  s i l v e r   image  i n c l u d i n g   a 

s t a b i l i s a t i o n - f i x i n g   t r e a t m e n t   of  said  image  formed  by  development   of  an 

imagewise  exposed  pho tog raph ic   s i l v e r   ha l ide   emulsion  m a t e r i a l ,   w h e r e i n  

the  imagewise  exposed  and  developed  s i l v e r   ha l ide   emulsion  m a t e r i a l   i s  

t r e a t e d   with  an  aqueous  s o l u t i o n   c o n t a i n i n g   an  a lka l i   metal  t h i o s u l p h a t e  
and  a  cyc l i c   t h i o u r e a   compound  co r re spond ing   to  the  f o l l owing   g e n e r a l  
formula  (X)  or  a  c o r r e s p o n d i n g   t au tomer ic   s t r u c t u r e   t h e r e o f  :  

w h e r e i n  :  

R  r e p r e s e n t s   hydrogen  or  a  hydrocarbon  group,  and 

Z  r e p r e s e n t s   a  b i v a l e n t   s a t u r a t e d   hydrocarbon  group,  i n c l u d i n g   s a i d  

group  in  s u b s t i t u t e d   form,  forming  a  5-  or  6-membered  h e t e r o c y c l i c  

ring  with  t h e  g r o u p .  

2.  Process   according   to  claim  1,  wherein  Z  is  -CH2-CH2-CH2-. 
3.  Process   according   to  claim  1  or  2,  wherein  the  c y c l i c   t h i o u r e a  

compound  is  2 - t h i o - h e x a h y d r o p y r i m i d o n e - 2 .  

4.  Process  accord ing   to  any  of  claims  1  to  3,  wherein  the  a l k a l i  

metal  t h i o s u l p h a t e   is  sodium  t h i o s u l p h a t e .  

5.  Process   according   to  any  of  claims  1  to  4,  wherein  said  s o l u t i o n  

con ta ins   said  c y c l i c   t h i o u r e a   compound  in  a  c o n c e n t r a t i o n   of  l x l O - 4  

mole  to  1x10   mole  per  l i t e r   in  the  presence  of  the  a l k a l i   m e t a l  

t h i o s u l p h a t e   in  a  c o n c e n t r a t i o n   of  0.1.  mole  to  1.5  mole  per  l i t e r .  

6.  Process  accord ing   to  any  of  claims  1  to  5,  wherein  said  t r e a t m e n t  

is  fol lowed  by  a  r i n s i n g   t r e a t m e n t   with  w a t e r .  

7.  Process   accord ing   to  claim  6,  wherein  said  water  c o n t a i n s   s a i d  

m e r c a p t o - t r i a z o l e   in  d i s s o l v e d   s t a t e   in  an  amount  up  to  1x10-1 mole   p e r  
l i t e r .  

8.  Process  accord ing   to  any  of  claims  1  to  7,  wherein  said  s o l u t i o n  

has  a  pH  in  the  range  of  6  to  4 .  

9.  Process  according  to  any  of  claims  1  to  8,  wherein  said  s o l u t i o n  

con ta ins   an  a n t i - o x i d i z i n g   a g e n t .  



10.  Process   accord ing   to  any  of  the  p reced ing   c l a i m s ,   wherein  t h e  

s i l v e r   ha l i de   of  said  s i l v e r   ha l ide   emulsion  m a t e r i a l   c o n t a i n s   at  l e a s t  

50  mole  %  of  s i l v e r   c h l o r i d e .  

11.  Process   accord ing   to  any  of  the  p reced ing   c l a i m s ,   wherein  t h e  

s i l v e r   ha l i de   emulsion  m a t e r i a l   c o n t a i n s   an  amount  of  s i l v e r   h a l i d e  

expressed   in  an  e q u i v a l e n t   amount  of  s i l v e r   n i t r a t e   not  h igher   than  4  g 

per  sq .m .  
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