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(54)  Process  for  making  a  silver  nitrate  solution. 

(57)  A  method  for  the  production  of  silver  nitrate 
solution  without  substantial  generation  of 
oxides  of  nitrogen  comprises  reacting  metailic 
silver  with  nitric  acid  and  hydrogen  peroxide  at 
between  20  and  30%  excess  hydrogen  peroxide 
over  the  stoichiometric  requirement. 
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This  invention  relates  to  a  method  of  making  a  sil- 
ver  nitrate  solution  without  generation  of  oxides  of  ni- 
trogen,  and  more  particularly  to  the  making  of  a  silver 
nitrate  make-up  solution  for  use  as  an  electrolyte  in 
the  electrorefining  of  Dore  metal. 

BACKGROUND  OF  THE  INVENTION 

During  the  electrorefining  of  Dore  metal  in  silver 
nitrate  electrolyte  for  the  production  of  refined  silver, 
a  portion  of  the  electrolyte  must  be  bled  to  control  the 
level  of  dissolved  impurities  such  as  copper  and  pal- 
ladium  which  will  contaminate  the  silver  product.  The 
electrolyte  is  replenished  by  reacting  metallic  silver 
with  nitric  acid  solution  according  to  the  following 
overall  reactions: 

3Ag  +  4HN03  =  3AgN03  +  NO  +  2H20  (1) 
Ag  +  2HN03  =  AgN03  +  N02  +  H20  (2) 
It  can  be  seen  from  the  above  reactions  that  as 

much  as  33%  of  the  nitric  acid  is  converted  to  the  col- 
orless  nitrogen  oxide  (NO)  and  the  brown  nitrogen  di- 
oxide  (N02)  fumes  which  must  be  oxidized  and  scrub- 
bed  in  an  elaborate  adsorption  system  forming  a  di- 
lute  nitric  acid  solution  which  is  eventually  disposed 
of.  The  kinetics  of  NOx  oxidation  and  adsorption  are 
relatively  slow  and  large  scrubbers  are  required  to 
provide  the  minimum  residence  times  for  complete  re- 
moval.  The  inefficiency  of  the  process  is  such  that 
100%  Nox  removal  is  not  obtained. 

SUMMARY  OF  THE  INVENTION 

In  the  present  invention,  it  has  been  found  that  a 
silver  nitrate  solution  can  be  produced  by  reacting  sil- 
ver  with  nitric  acid  and  hydrogen  peroxide  without 
generation  of  oxides  of  nitrogen  according  to  the  over- 
all  general  reaction:  2Ag  +  2HN03  +  H202  =  2AgN03 
+  2H20 

Preferred  features  of  the  invention  will  now  be  de- 
scribed. 

The  silver  nitrate  solution  is  suitable  for  direct  use 
as  an  electrolyte  make-up. 

The  reaction  is  carried  out  in  a  reactor  at  a  tem- 
perature  below  the  boiling  point  of  the  solution,  pre- 
ferably  between  55  and  95°C.  Since  the  reaction  is 
exothermic,  cooling  of  the  solution  is  required  at  nitric 
acid  concentrations  above  1  50  g/L. 

The  nitric  acid  concentration  may  be  between  1 
and  400  gpL  depending  on  the  desired  concentration 
of  the  silver  nitrate  solution.  The  nitric  acid  concentra- 
tion  is  preferably  between  100  and  150  gpL  to  elimin- 
ate  the  need  of  internal  cooling  in  the  reactor. 

Surprisingly  it  has  also  been  found  that  in  addition 
to  the  improved  nitric  acid  efficiency  and  elimination 
of  NOx  fumes,  the  process  provides  an  additional  pur- 
ification  step  due  to  the  precipitation  of  contained  im- 
purities,  such  as  copper  and  palladium,  if  present. 

DESCRIPTION  OF  A  PREFERRED  EMBODIMENT 

In  the  preferred  method  of  operation,  the  silver  in 
the  form  of  granules  or  sand,  is  fed  to  a  column  reac- 

5  tor  and  nitric  acid  solution  is  pumped  upf  low  together 
with  hydrogen  peroxide  through  the  bed  of  silver  par- 
ticulates  to  generate  a  silver  nitrate  solution  of  desired 
Ag  concentration.  The  desired  Ag  concentration  of  the 
solution  is  controlled  by  the  concentration  of  nitric 

10  acid  in  the  feed.  Best  results  in  terms  of  NOx  removal 
were  achieved  when  operating  between  20  and  30% 
excess  hydrogen  peroxide  over  the  stoichiometric  re- 
quirement.  By  proper  control  of  the  residence  time  of 
the  nitric  acid  and  hydrogen  peroxide  in  the  column, 

15  it  is  possible  to  obtain  a  silver  nitrate  solution  with  no 
free  acid  without  any  traces  of  NOx  being  produced  in 
the  process.  A  flow  velocity  of  nitric  acid  and  hydro- 
gen  peroxide  between  1  and  6  cm/min  has  given  ex- 
cellent  results. 

20  In  the  following  Examples  1  to  4,  the  silver  sand 
dissolution  was  conducted  in  a  PVC  column  of  15.2 
cm  diameter  x  91.4  cm  height,  having  a  solution  over- 
flow  located  at  68.6  cm.  Internal  cooling  was  required 
only  with  solutions  having  an  acid  concentration 

25  above  150  g/L  and  was  provided  with  stainless  steel 
coils.  Washed  silver  sand  was  added  continuously  to 
maintain  a  fix  bed  of  68  cm.  The  nitric  acid  and  hydro- 
gen  peroxide  were  pumped  upf  low  through  the  bed  of 
silver  sand.  Unless  specified  otherwise,  NOx  was 

30  never  detected  during  the  tests.  Solution  samples  col- 
lected  at  1  5  cm  above  the  acid  and  peroxide  inlet  were 
analysed  for  free  acid.  At  the  end  of  each  test,  the  col- 
umn  was  drained  down  to  5  cm  and  the  silver  nitrate 
solution  analysed  for  silver  and  free  nitric  acid. 

35 
EXAMPLE  1 

28.5  L  of  a  101  gpL  HN03  solution  and  1.7  L  of 
50%  H202  were  pumped  at  25°C  over  a  period  of  57 

40  min.  to  give  a  total  f  lowrate  of  31  .8  L/h  (2.9  -̂ m-).  The a  v  mm' 
temperature  of  the  solution  in  the  column  did  not  ex- 
ceed  59°C  during  the  test.  At  the  end  of  the  test,  28.3 
L  of  silver  nitrate  solution  assaying  155  gpL  Ag  and  0 

45  g/L  HN03  was  collected.  The  acid  was  virtually  all  de- 
pleted  at  a  height  of  15  cm  above  the  solution  inlet. 

EXAMPLE  2 

50  31.5  L  of  a  202  g/L  HN03  solution  and  3.8  L  of 
50%  H202  were  pumped  at  25°C  over  a  period  of  60 

cm min.  to  give  a  total  f  lowrate  of  35.3  L/h  (3.24  -^).  The a  v  mm' 
temperature  was  maintained  below  85°C  throughout 

55  the  test  with  internal  cooling.  At  the  end  of  the  test, 
33.3  L  of  silver  nitrate  solution  assaying  260  g/L  Ag 
and  0  g/L  HN03  was  recovered.  Free  acid  could  not 
be  detected  in  all  samples  collected  15  cm  above  the 
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solution  inlet. 

EXAMPLE  3 

The  silver  nitrate  solution  recovered  in  Example 
2  was  acidified  with  concentrated  nitric  acid  and  re- 
used  to  generate  a  more  concentrated  silver  nitrate 
solution.  No  additional  silver  sand  was  added  to  the 
reactor.  41.4  L  of  a  solution  assaying  200  g/L  HN03 
and  210  g/LAg  and  5.1  Lof  50%  H202were  pumped 
at  25°C  through  the  bed  of  silver  sand  over  a  period 
of  80  min.  to  give  a  total  flowrate  of  34.9  L/h  (3.2 
cm —  —  ).  The  temperature  was  also  maintained  below mm 
84°C  throughout  the  test  with  internal  cooling.  At  the 
end  of  the  test,  48  Lof  silver  nitrate  solution  assaying 
462  g/LAg  and  0  g/L  HN03  was  collected.  There  was 
no  free  acid  in  all  samples  collected  at  15  cm  above 
the  solution  inlet. 

EXAMPLE  4 

45.5  L  of  a  solution  of  325  g/L  HN03  at  20°C  and 
8.84  L  of  50%  H202  at  15°C  were  pumped  over  170 

cm min.  to  give  a  total  flowrate  of  1  9.2  L/h  (1  .8  —  r-).  The a  v  mm' 
temperature  was  maintained  below  90°C  throughout 
the  test  with  internal  cooling.  At  the  end  of  the  test, 
58.9  Lof  silver  nitrate  solution  asaying  395  g/LAg  and 
0  g/L  HN03  was  recovered.  Traces  of  NOx  (less  than 
5  ppm)  was  detected  in  the  column  directly  above  the 
solution  during  the  first  30  min.  of  the  reaction. 

In  Examples  5  to  8,  a  stainless  steel  reactor  of  15 
cm  diameterx  183  cm  height,  with  a  solution  overflow 
located  at  152  cm  and  no  internal  cooling  coils  was 
used  for  the  dissolution.  The  reactor  was  filled  to  152 
cm  with  washed  silver  sand  every  second  test.  The 
temperature  never  exceeded  90°C  in  the  reactor.  NOx 
measurements  were  carried  out  inside  the  reactor  at 
22.5  cm  above  the  solution  overflow  with  a  gas  ana- 
lyser.  These  Examples  show  that  i)  the  reaction  can 
proceed  with  various  concentrations  of  hydrogen  per- 
oxide  and,  (ii)  a  maximum  of  2  ppm  NOx  is  generated 
at  any  stage  of  the  process. 

EXAMPLE  5 

72.6  L  of  a  solution  of  1  50  g/L  HN03  at  20°C  and 
1  1  L  of  30%  H202  at  1  0°C  was  pumped  over  1  39  min. 

to  give  a  total  flowrate  of  36.1  L/h  (3.4  ^ ) .   The  tem- a  v  mm' 
perature  did  not  exceed  82°C  throughout  the  test. 
NOx  measurements  indicated  a  maximum  of  0.8  ppm 
throughoutthe  test.  8  1  .  5  L  of  s  il  ver  n  itrate  sol  ution  as- 
saying  240  g/L  Ag  and  0  g/L  H  N03  was  collected  at  t  he 
end  of  the  test. 

EXAMPLE  6 

The  silver  nitrate  solution  from  Example  5  was 
5  acidified  with  nitric  acid  and  fed  again  through  the  re- 

sidual  silver  sand  to  increase  the  silver  concentration. 
95  L  of  a  solution  assaying  148  g/L  HN03  and  205  g/L 
Ag  at  19°C  and  16.1  L  of  30%  H202  at  10°C  was 
pumped  over  193  min.  to  give  a  total  flowrate  of  34.5 

10  cm L/h  (3.25  —  —  ).  NOx  measurements  indicated  a  max- min 
imum  of  2  ppm  throughout  the  test.  The  acid  was  de- 
pleted  at  20.3  cm  from  the  solution  inlet  at  the  bottom 
of  the  reactor.  Temperature  never  exceeded  83°C. 

15  114  Lof  silver  nitrate  assaying  377  g/LAg  and  no  re- 
sidual  acid  was  recovered  at  the  end  of  the  test. 

EXAMPLE  7 

20  67  Lof  a  solution  assaying  154g/LHN03at12°C 
and  7  Lof  45%  H202  at  12°Cwere  pumped  over  a  per- 
iod  of  120  min.  to  give  a  total  flowrate  of  37  L/h  (3.5 
cm —  —  ).  NOx  measurements  indicated  a  maximum  of  0.7 
mm 

25  ppm  throughout  the  test.  Temperature  never  exceed- 
ed  75°C.  74.7  Lof  a  neutral  silver  nitrate  assaying  245 
g/L  Ag  was  collected  at  the  end  of  the  test. 

EXAMPLE  8 
30 

As  previously  demonstrated,  the  silver  nitrate  sol- 
ution  from  Example  7  was  acidified  with  nitric  acid  and 
fed  again  through  the  residual  silver  sand  to  increase 
the  concentration  of  the  silver  nitrate  solution.  89.1  L 

35  of  a  solution  assaying  154  g/L  HN03  and  205  g/L  Ag 
at  25°C  and  9.4  L  of  45%  H202  at  20°C  were  pumped 
over  a  period  of  180  min.  to  give  a  total  flowrate  of 

cm 32.8  L/h  (3.1  —  —  ).  NOx  measurements  indicated  a mm 
40  maximum  of  1.2  ppm  throughout  the  test.  Tempera- 

ture  never  exceeded  78°C.  100  Lof  a  neutral  silverni- 
trate  assaying  402  g/L  Ag  was  collected  at  the  end  of 
the  test. 

Although  the  above  process  is  preferably  carried 
45  out  in  a  column,  it  is  to  be  understood  that  it  could  be 

carried  out  in  any  reaction  vessel  providing  adequate 
residence  time  of  the  nitric  acid  and  hydrogen  perox- 
ide  in  the  reactor. 

50 
Claims 

1.  A  method  for  the  production  of  silver  nitrate  sol- 
ution  without  substantial  generation  of  oxides  of 

55  nitrogen  comprising  reacting  metallic  silver  with 
nitric  acid  and  hydrogen  peroxide  at  from  20  to 
30%  excess  hydrogen  peroxide  overthe  stoichio- 
metric  requirement. 

3 
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2.  A  method  as  defined  in  claim  1,  in  which  the  re- 
action  is  carried  out  in  a  reactor  at  a  temperature 
below  the  boiling  point  of  the  solution. 

5 
3.  A  method  as  defined  in  claim  2,  in  which  the  tem- 

perature  is  controlled  so  that  it  is  in  the  range  55 
-  95°C. 

4.  A  method  as  defined  in  claim  1  ,  2  or  3,  in  which  10 
the  initial  nitric  acid  concentration  is  from  1  to  400 
gpL,  depending  on  the  desired  concentration  of 
the  silver  nitrate  solution. 

5.  Amethod  as  defined  in  claim  4,  in  which  the  initial  15 
nitric  acid  concentration  is  from  100  to  400  gpL. 

6.  A  method  as  defined  in  any  preceding  claim, 
wherein  the  silver  is  fed  to  a  column  reactor  in 
which  nitric  acid  and  hydrogen  peroxide  are  flow-  20 
ed  through  the  column  at  a  rate  of  1-6  cm/min. 

7.  A  method  as  defined  in  any  preceding  claim 
wherein  the  silver  is  granular  or  nodular. 

25 
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