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Description 

Background  of  the  Invention 

Field  of  the  Invention 

This  invention  relates  to  a  method  of  recovering 
metals  from  waste  liquors  and  more  particularly  to  a 
method  of  recovering  silver  from  solutions  containing 
small  amounts  of  silver  or  silver  containing  compo- 
nents. 

Description  of  Related  Art 

GB-A  499201  teaches  a  method  of  recovering 
metals  from  waste  liquids  such  as  those  containing 
ores  or  those  waste  liquids  obtained  in  the  photo- 
graphic  industry.  According  to  the  process  of  this  pa- 
tent  specification,  an  alkaline  solution  containing  the 
small  portion  of  silver  containing  material  is  treated 
with  aluminum  sulfate  in  order  to  form  an  aluminum 
hydroxide  floe  that  carries  down  the  sludge  as  a  pre- 
cipitate  and  then  the  volume  of  the  sludge  is  reduced 
by  the  addition  of  an  acid.  In  working  up  the  thus 
treated  sludge,  aluminum  sulfate  is  recovered  when 
sulfuric  acid  is  used  in  the  acid  treatment.  This  meth- 
od  is  one  commonly  employed  for  recovering  silver 
from  waste  solutions  used  in  the  photographic  proc- 
ess  and  also  for  recovering  silver  from  scrap  film  and 
paper  which  has  previously  been  coated  with  silver 
salt  containing  emulsions. 

A  problem  however  has  been  encountered  mainly 
in  the  recovery  of  silver  from  scrap  film  and  scrap  pa- 
per.  Upon  reducing  the  volume  of  the  waste  liquor  by 
the  addition  of  sulfuric  acid  the  formation  of  a  highly 
elastic  residue  is  observed.  Two  problems  are  en- 
countered  in  the  further  processing  of  these  elastic 
residues.  The  first  is  that  because  of  their  elasticity 
they  are  difficult,  if  not  impossible,  to  convey.  Sec- 
ondly,  if  they  are  employed  in  the  next  phase  of  the 
silver  recovery  process,  which  is  customarily  a  roast- 
ing  operation  in  order  to  drive  off  water  and  organic 
materials,  they  cause  explosions. 

While  applicants  do  not  wish  to  be  bound  by  any 
theory  with  respect  to  the  formation  of  these  elastic 
residues,  it  is  believed  that  they  are  due  to  the  pres- 
ence  in  the  scrap  film  and  paper  of  various  complicat- 
ed  organic  structures  including  the  presence  of  pho- 
tographic  couplers  and  coupler  solvents  therefor. 
However,  the  formation  of  these  elastic  residues  in 
the  recovery  of  silver  from  photographic  waste  mate- 
rials  renders  it  necessary  to  provide  a  means  for  re- 
covery  of  the  silver  contained  therein  which  is  not 
subject  to  either  the  formation  of  the  elastic  residues 
or  the  risk  of  explosion  in  the  step  of  the  process 
wherein  water  and  organics  are  separated  from  the 
residue  in  roasters. 

Summary  of  the  Invention 

This  invention  provides  a  method  of  recovering 
silver  from  a  waste  liquor  containing  small  concentra- 

5  tions  of  silver  containing  materials  by  treating  the 
waste  liquor  with  aluminum  sulfate  as  a  flocculating 
agent,  reducing  the  volume  of  the  silver  bearing 
sludge  thus  formed  by  the  addition  of  an  acid  where- 
in,  subsequent  to  the  step  of  treating  with  aluminum 

10  hydroxide,  the  waste  liquor  is  mixed  with  a  metal  bi- 
carbonate  and  metal  carbonate.  The  total  weight  of 
the  bicarbonate  and  carbonate  employed  is  at  least 
equal  in  parts  by  weight  to  that  of  the  liquor  being 
treated. 

15 
Description  of  the  Preferred  Embodiments 

Thus,  the  invention  is  directed  to  a  silver  recovery 
process  wherein  a  sludge  is  precipitated  from  a  waste 

20  liquor  by  treatment  with  aluminum  sulfate,  the  volume 
of  the  silver  bearing  sludge  is  reduced  by  treatment 
with  an  acid,  wherein  a  metal  bicarbonate  and  a  metal 
carbonate  are  added  to  the  liquor  to  form  a  suitable 
free  flowing  powder  that  can  be  readily  conveyed  and 

25  that  does  not  cause  explosion  problems  in  subse- 
quently  heating  steps,  such  as  roasting  normally  used 
in  recovering  such  waste  materials.  Preferably,  sulfu- 
ric  acid,  is  used  in  the  volume  reducing  step  because 
it  regenerates  aluminum  sulfate  which  may  then  be 

30  subsequently  used  in  treating  an  alkaline  solution  of 
the  waste  liquor.  The  total  quantity  of  bicarbonate  and 
carbonate  used  is  in  the  amount  of  at  least  equal  parts 
by  weight  as  that  of  the  waste  liquor  being  treated. 
Preferably,  the  quantity  of  the  two  carbonates  are 

35  employed  in  an  amount  of  from  one  to  three  parts  per 
part  of  waste  liquor.  Most  preferably,  two  parts  of  the 
two  carbonates  per  part  of  the  waste  liquor  are  em- 
ployed.  The  two  carbonates  are  utilized  in  a  ratio  of  bi- 
carbonatexarbonate  of  1  :3  to  3:1  .  Preferably,  the  two 

40  carbonates  are  employed  in  equal  parts  by  weight. 
The  carbonate  and  bicarbonate  employed  in  the 

process  of  this  invention  may  be  any  of  the  metal  car- 
bonates  and  bicarbonates  wherein  the  metal  is  a 
group  la  or  Ma  metal  of  the  Periodic  Chart  of  the  Ele- 

45  ments  as  published  in  the  Ninth  Edition  of  "The  Merck 
Index".  However,  the  carbonates  an  bicarbonates  of 
sodium,  potassium  and  calcium  are  preferred  for  eco- 
nomic  reasons.  Sodium  carbonate  and  sodium  bicar- 
bonate  are  the  most  preferred  materials. 

so  While  the  bicarbonate  and  the  carbonate  may  be 
added  to  the  waste  liquor  in  any  order,  it  is  preferred 
that  the  bicarbonate  be  added  first  and  the  carbonate 
second.  However,  the  preferred  technique  for  treating 
the  waste  liquor  and  particularly  the  elastic  residue 

55  formed  is  to  load  a  containerized  batch  mixer  in  layers 
where  the  bicarbonate  and  the  carbonate  are  posi- 
tioned  on  either  side  of  the  residue  within  the  batch 
mixer.  A  batch  mixer  is  a  device  wherein  a  cylindrical 
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drum  containing  the  ingredients  to  be  mixed  is  rotated 
on  a  skewed  axis  in  one  direction  while  a  breaker  bar 
positioned  within  the  cylindrical  drum  is  rotated  in  the 
opposite  direction  causing  the  ingredients  therein  to 
be  broken  apart  during  the  mixing  operation.  The  ap- 
paratus  used  in  accordance  with  this  invention  is 
manufactured  by  Lightnin  Mixing  Equipment  Co.,  a 
unit  of  General  Signal,  Rochester,  New  York  14619. 

While  the  mixing  operation  with  the  two  carbon- 
ates  as  described  above  is  the  preferred  method  of 
conducting  the  process  in  accordance  with  this  inven- 
tion,  the  waste  liquor  obtained  directly  from  treating 
the  initial  waste  material  with  aluminum  sulfate  may 
be  treated  with  the  bicarbonate  and  carbonate.  How- 
ever,  this  is  not  as  suitable  as  the  method  described 
above  in  treating  the  elastic  material  as  the  opportun- 
ity  is  lost  to  reduce  the  volume  by  adding  acid  and  to 
regenerate  the  aluminum  sulfate.  Further,  higher 
quantities  of  the  two  carbonates  must  be  employed 
on  a  weight  basis  because  of  the  water  present  at  this 
stage  of  the  recovery  process. 

By  practicing  the  preferred  process  of  treating 
the  elastic  material,  the  residue  is  changed  from  that 
nature  to  a  free  flowing  powder  which  may  be  suitably 
air-conveyed,  even  through  pipes,  if  such  is  the  de- 
sire.  The  powder  thus  formed  may  be  utilized  in  a 
roasting  apparatus  such  as  a  multiple  hearth  roaster 
or  a  rotary  roaster  in  order  to  burn  off  the  water  and 
organic  ingredients  still  present  within  the  material. 
These  roasters  are  operated  anywhere  from  121°C  to 
649°C  (250°F  to  1200°F)  and  generally  from  260°C  to 
538°C  (500°F  to  1000°F).  Subsequent  to  this  opera- 
tion  the  product  thereof  may  be  employed  in  a  smelt- 
ing  operation  in  order  to  convert  the  silver  containing 
compounds  which  are  generally  in  the  form  of  halides 
to  pure  silver.  Such  operations  are  well  known  in  the 
art  and  require  no  further  explanation  here. 

In  treating  waste  solutions  obtained  from  scrap 
photographic  film  and  photographic  paper  in  accor- 
dance  with  this  invention,  it  may  be  desirable  to  con- 
duct  other  procedures  known  in  the  art  in  order  to  ob- 
tain  a  waste  liquor  in  suitable  form  for  the  practice  of 
this  invention.  For  example,  in  recovering  silver  from 
scrap  material,  the  silver  containing  emulsion  must 
first  be  removed  from  the  film  base  and  the  gelatin  of 
the  emulsion  degraded  by  any  suitable  technique 
such  as,  heating  to  a  temperature  greater  than  38°C 
(100°F).  An  enzyme  is  generally  employed  to  break 
down  the  silver  halide  gelatin  emulsion.  Aluminum 
sulfate  is  added  to  the  alkaline  solution  which  forms 
aluminum  hydroxide  in  situ  which  acts  as  a  flocculat- 
ing  agent  that  brings  down  the  solid  matter  in  the  form 
of  a  residue.  Polymers  are  added  to  enhance  the  floc- 
culating  mechanism  caused  by  the  presence  of  alu- 
minum  hydroxide.  A  suitable  flocculating  enhancer  is 
sold  by  the  Dearborn  Division,  W.  R.  Grace  &  Co., 
Lake  Zurich,  IL  60047,  Hackettstown,  NJ  07840  under 
the  name  AQUAFLOC  408.  Disinfectants  are  also 

employed  forthe  purpose  of  killing  bacteria  present  in 
the  medium.  The  solids  are  separated  in  huge  clari- 
fers  generally  on  the  order  of  from  378,5  to  1892,5  m3 

5  (100,000  to  500,000  gallon)  capacity.  During  this  set- 
tling  operation  the  ratio  of  water  to  the  residue  is  ap- 
proximately  9  to  1  .  The  water  is  decanted  off  and  the 
residue  is  reduced  in  volume  by  the  addition  of  a  suit- 
able  acid  to  reduce  the  volume  of  the  residue.  While 

10  any  acid  such  as  hydrochloric,  nitric  and  the  like  may 
be  employed,  sulfuric  acid  is  preferred  since  the  add- 
ed  feature  of  aluminum  sulfate  regeneration  occurs 
which  can  be  separated  from  the  residue  and  recy- 
cled  for  use  in  the  flocculating  step  of  the  procedure. 

15  As  stated  above  in  the  preferred  embodiment,  the  re- 
sidue  may  then  be  weighed  out  in  order  to  determine 
the  amount  of  the  two  carbonates  to  be  employed  in 
the  step  of  the  process  in  accordance  with  this  inven- 
tion.  While  it  is  preferred  to  utilize  sodium  carbonate 

20  and  sodium  bicarbonate  in  the  practice  of  this  inven- 
tion,  other  carbonates  and  bicarbonates  as  men- 
tioned  above  may  be  used. 

In  a  specific  preferred  example  of  this  invention, 
scrap  color  photographic  film  and  paper  in  a  water  ve- 

25  hide  is  adjusted  to  a  pH  of  7  to  9  by  the  addition  of 
sodium  hydroxide  and  heated  to  about  60°C  (140°F) 
for  about  1  hour  by  passing  low  pressure  steam 
through  the  mass.  Silver  is  present  in  this  liquor  in 
quantities  on  the  order  of  100  to  1000  parts  per  mil- 

30  lion,  the  water  content  being  about  99.9%  by  weight. 
About  0.005  to  about  0.03  percent  by  weight  of  a  bac- 
terial  alkaline  enzyme  sold  by  Eastman  Kodak  Com- 
pany  under  the  trade  designation  KODASE  PR  1000 
is  added.  Heating  at  a  temperature  of  greater  than 

35  38°C  (100°F)  is  continued  in  order  to  remove  the  sil- 
ver  containing  emulsion  from  the  base  support  and  to 
degrade  the  emulsion.  1  to  4  percent  of  aqueous  alu- 
minum  sulfate  containing  from  1000  to  3000  parts  per 
million  of  aluminum  is  added  to  the  basic  liquor  there- 

40  by  forming  aluminum  hydroxide  floe.  0.5  parts  per  mil- 
lion  of  Dearborn  AQUAFLOC  408  is  added  to  en- 
hance  the  flocculating  effect  of  the  aluminum  sulfate. 
At  this  point,  the  constituency  of  the  liquor  is  roughly 
97  volume  percent  water  and  3  percent  solids.  This 

45  liquor  is  next  pH  adjusted  to  between  6  and  8  and  set- 
tled  in  large  capacity  clarifiers,  the  resulting  material 
being  about  90  volume  percent  water  and  1  0  volume 
percent  solids  and  having  a  mud-like  appearance. 
The  supernatant  liquid  is  removed  and  the  mud-like 

so  residue  treated  with  sulfuric  acid.  The  regenerated 
aluminum  sulfate  is  recovered. 

The  resulting  material  is  an  elastic  brownish- 
black  gum.  Analysis  shows  a  high  percentage  pres- 
ence  of  couplers  and  coupler  solvents. 

55  The  residue  is  placed  in  a  Lightnin  Containerized 
Batch  Mixer  sandwiched  between  sodium  bicarbon- 
ate  and  sodium  carbonate,  the  three  ingredients  be- 
ing  in  equal  parts  by  weight.  Mixing  is  continued  for 
about  10  minutes.  The  material  recovered  is  a  coarse 
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grain  sand-like  material. 
This  material  is  introduced  into  a  Multiple  Hearth 

Roaster  where  it  is  heated  for  a  perioD  of  from  about 
30  minutes  to  about  to  1  hour  at  482°C  (900°F.)  The  5 
resulting  powder,  free  of  organics,  is  a  suitable  raw 
material  for  smelting  and  the  recovery  of  substantially 
pure  silver. 

10 
Claims 

1.  Method  of  recovering  silver  by  (1)  treating  a 
waste  liquor  containing  small  concentrations  of 
silver  halide  salts  with  aluminum  sulfate  as  a  floe-  15 
culating  agent,  (2)  reducing  the  volume  of  the  sil- 
ver  bearing  sludge  by  the  addition  of  an  acid  char- 
acterised  in  that  subsequent  to  step  1  a  metal  bi- 
carbonate  and  a  metal  carbonate  is  mixed  with 
the  waste  liquor,  the  weight  ratio  of  bicarbonate  20 
to  carbonate  being  from  1/3  to  3/1,  the  total 
weight  bicarbonate  and  carbonate  being  from  1  to 
3  parts  per  part  of  waste  liquor. 

2.  The  method  of  claim  1  wherein  the  weight  ratio  of  25 
bicarbonate  to  carbonate  is  1  . 

carbonat  und  ein  Metallcarbonat  mit  der  Ablauge 
vermischt  werden,  wobei  das  Gewichtsverhaltnis 
von  Bicarbonat  zu  Carbonat  bei  1/3  -  3/1  liegt, 
und  das  Gesamtgewicht  von  Bicarbonat  und  Car- 
bonat  bei  1  -  3  Teilen  pro  Teil  Ablauge  liegt. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  das  Ge- 
wichtsverhaltnis  von  Bicarbonat  zu  Carbonat  1 
betragt. 

3.  Verfahren  nach  Anspruch  1  ,  bei  dem  das  Bicar- 
bonat  u  nd  das  Carbonat  mit  der  Ablauge  nach  der 
Stufe  (2)  vermischt  werden. 

4.  Verfahren  nach  Anspruch  1,  bei  dem  das  Metall 
des  Carbonates  und  des  Bicarbonates  ein  Metall 
der  Gruppe  la  oder  Ma  ist. 

5.  Verfahren  nach  Anspruch  1,  bei  dem  das  Metall- 
bicarbonat  aus  Natriumbicarbonat,  Kaliumbicar- 
bonat  oder  Calziumbicarbonat  besteht. 

6.  Verfahren  nach  Anspruch  1,  bei  dem  das  Metall- 
carbonat  aus  Natriumcarbonat,  Kaliumcarbonat 
oder  Calziumcarbonat  besteht. 

3.  The  method  of  claim  1  wherein  the  bicarbonate 
and  carbonate  is  mixed  with  the  waste  liquor  after 
step  (2).  30 

4.  The  method  of  claim  1  wherein  the  metal  of  the 
carbonate  and  bicarbonate  is  a  group  la  or  Ma 
metal. 

35 
5.  The  method  of  claim  1  wherein  the  metal  bicar- 

bonate  is  sodium  bicarbonate,  potassium  bicar- 
bonate  or  calcium  bicarbonate. 

6.  The  method  of  claim  1  wherein  the  metal  carbon-  40 
ate  is  sodium  carbonate,  potassium  carbonate  or 
calcium  carbonate. 

7.  The  method  of  claim  1  wherein  the  bicarbonate 
is  sodium  bicarbonate.  45 

8.  The  method  of  claim  1  wherein  the  carbonate  is 
sodium  carbonate. 

Patentanspruche 

1.  Verfahren  zurWiedergewinnung  von  Silberdurch 
(1)  Behandlung  einer  Ablauge,  die  kleine  Konzen- 
trationen  an  Silberhalogenidsalzen  enthalt,  mit  55 
Aluminiumsulfat  als  Flockulierungsmittel,  (2)  Re- 
duktion  des  Volumens  des  Silber  enthaltenden 
Schlammes  durch  Zugabe  einer  Saure,  dadurch 
gekennzeichnet,  dali  nach  Stufe  (1)  ein  Metallbi- 

7.  Verfahren  nach  Anspruch  1  ,  bei  dem  das  Bicar- 
bonat  aus  Natriumbicarbonat  besteht. 

8.  Verfahren  nach  Anspruch  1  ,  bei  dem  das  Carbo- 
nat  aus  Natriumcarbonat  besteht. 

Revendications 

1  .  Procede  pour  recuperer  I'argent  dans  lequel 
1)  on  traite  un  effluent  contenant  de  faibles 
concentrations  de  sels  halogenures  d'argent 
avec  du  sulfate  d'aluminium  comme  agent  de 
floculation, 
2)  on  reduit  le  volume  de  la  boue  contenant 
I'argent  en  ajoutant  un  acide, 
caracterise  en  ce  qu'apres  I'etape  1  ,  du  bicar- 
bonate  metallique  et  du  carbonate  metallique 
sont  melanges  aux  effluents,  le  rapport  en 
poids  bicarbonate/carbonate  etant  compris 
entre  1/3  et  3/1  ,  et  le  poids  total  du  bicarbona- 
te  et  du  carbonate  etant  de  1  a  3  fois  celui  de 
I'effluent. 

2.  Procede  selon  la  revendication  1  dans  lequel  le 
rapport  en  poids  bicarbonate/carbonate  est  egal 
a  1. 

3.  Procede  selon  la  revendication  1  dans  lequel  le 
bicarbonate  et  le  carbonate  sont  melanges  a  I'ef- 
fluent  apres  I'etape  2. 

4 
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Procede  selon  la  revendication  1  dans  lequel  le 
metal  du  carbonate  et  du  bicarbonate  est  un  me- 
tal  du  groupe  la  ou  Ma. 

Procede  selon  la  revendication  1  dans  lequel  le 
bicarbonate  metallique  est  du  bicarbonate  de  so- 
dium,  du  bicarbonate  de  potassium  ou  du  bicar- 
bonate  de  calcium. 

Procede  selon  la  revendication  1  dans  lequel  le 
carbonate  metallique  est  du  carbonate  de  so- 
dium,  du  carbonate  de  potassium  ou  du  carbona- 
te  de  calcium. 

Procede  selon  la  revendication  1  ou  le  bicarbona- 
te  est  du  bicarbonate  de  sodium. 

Procede  selon  la  revendication  1  ou  le  carbonate 
est  du  carbonate  de  sodium.  20 
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