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quent  leaching-out  of  the  sulphates.  The  process 
is  generally  referred  to  as  a  sulphating  roasting 
process  and  can  be  applied  to  both  sulphidic  and 
oxidic  materials.  Sulphating  roasting  is  a  far  more 

5  beneficial  process  when  working-up  pyrite  cinder, 
since  it  is  possible  when  reducing  with  sulphide 
to  recover,  in  addition  to  the  sulphates,  also  non- 
ferrous  materials  which  are  bound  by  oxidation  to 
hematite  as  so-called  ferrite.  One  embodiment  of 

10  a  sulphating  roasting,  process  is  described  in 
Boliden's  earlier  SE—  B—  322  632  and  corre- 
sponding  publications,  for  example  CA  —  A  —  
892  475.  Sulphating  roasting  processes  enable 
non-ferrous  metals,  such  as  copper,  cobalt,  nickel, 

m  zinc  and  silver,  to  be  recovered  or  extracted  from 
iron  bearing  sulphide  ores  or  the  products 
obtained  when  roasting  said  ores.  It  is  not  poss- 
ible,  however,  to  recover  lead  or  gold  or  other 
precious  metals  by  means  of  the  methods  above 

20  based  on  sulphating  roasting  and  leaching 
stages.  The  possibility  of  recovering  these  metals, 
however,  is  particularly  desirable  with  regard  to 
the  many  available  pyrite  cinders  which  may 
contain  both  gold  and  other  precious  metals 

25  together  with  recoverable  quantities  of  lead  and 
other  non-ferrous  metals  and  which  cannot  be 
worked-up  because  of  the  lack  of  suitable  pro- 
cesses  herefor.  Finds  of  pyrite  and  pyrrhotite  are 
known  which  might  be  worth  mining,  provided 

30  that  the  pyrite  and  the  pyrrhotite  could  be 
worked-up  to  recover  their  precious  metal  con- 
tent.  Extracting  lead  from  ores  by  roasting  to  form 
sulphate  of  lead  only  and  leaching  with  an  aque- 
ous  chloride  solution  is  disclosed  in  US  —  A  —  

35  1  185  102.  The  combination  of  leaching  copper 
and  zinc  with  sulphuric  acid  solution  followed  by 
leaching  lead  and  silver  in  chloride  solution  is 
disclosed  in  US—  A—  1  475  843. 

The  object  of  the  present  invention  is  to  provide 
40  a  method  which  enables  the  recovery  of  the  total 

non-ferrous  metal  content  of  ferrous  material  of 
the  kind  mentioned  in  the  aforegoing  and  which 
also  provides  an  iron  oxide  product  which  can  be 
used  in  the  manufacture  of  steel,  all  while  avoid- 

45  ing  contamination  of  the  environment.  The 
method  is  characterized  to  this  end  by  the  pro- 
cedural  stages  set  forth  in  the  following  claims. 

The  method  is  thus  based  on  sulphating  roast- 
ing  processes  either  with  pyrite  cinders  produced 

so  at  remote  locations  or  in  connection  with  roasting 
furnaces  for  roasting  pyrites  or  other  iron  sul- 
phide  material,  and  on  the  leaching  of  sulphatized 
cinders  with  a  chloride  solution,  followed  by 
precipition  of  the  leached-out  metal  content  and  a 

55  certain  amount  of  sulphate,  and  recycling  the 
residual  solution  (mother  liquor)  to  the  leaching 
stage.  Part  of  the  sulphate  taken-up  in  the  leach- 
ing  solution  when  leaching  the  sulphatized  cinder 
can  be  advantageously  used  for  producing  in  the 

60  method  chemicals  which  are  capable  of  being 
utilized  commercially,  for  example  water  purify- 
ing  chemicals. 

The  roasting  process  is  a  sulphating  roasting 
process  carried  out  in  one  or  two  stages.  Two- 

65  stage  roasting  processes  are  described,  for 

Description 

The  present  invention  relates  to  a  method  for 
recovering  non-ferrous  metal  values  from  ferrous 
materials  of  the  iron  sulphide  type  and  calcines 
and  other  conversion  products  thereof,  by  sul- 
phating  roasting  said  materials  and  leaching  the 
sulphated  product.  The  invention  is  particularly 
intended  for  recovering  from  such  materials  base 
metals  such  as  copper,  silver,  lead  and  zinc 
together  with  precious  metals. 

In  addition  to  sulphur  values  iron  sulphide  ores 
and  concentrates  often  contain  minor  quantities 
of  non-ferrous  metals,  although  these  may 
represent  non-essential  metai  values.  The  pro- 
ducts  obtained  when  roasting  iron  sulphide 
materials,  such  as  pyrite  and  pyrrhotite,  are 
known  as  pyrite  cinders  or  calcines  and  mainly 
comprise  hematite  and/or  magnetite.  The  major 
part  of  the  non-ferrous  material  present  in  the 
iron  sulphate  starting  material  is  re-found  in  the 
cinder.  Sulphur  can  also  be  recovered  from  iron 
sulphide  material  of  the  pyrite  kind  by  decompos- 
ition,  the  resultant  product  being  pyrrhotite  cal- 
cine  (FeS).  Natural  occurring  iron  sulphides  can 
also  be  converted  in  other  ways,  e.g.  by 
weathering.  Other  conversion  products  can  also 
be  worked-up  to  advantage  in  accordance  with 
the  invention. 

In  practise,  non-ferrous  metals  have  been 
recovered  from  pyrite,  pyrrhotite  and  their  roast- 
ing  products  in  many  different  ways.  One  process 
used  for  many  years,  and  still  used  from  time  to 
time,  is  the  so-called  chlorinating  roasting  pro- 
cess.  In  this  process,  non-ferrous  metals  in  cal- 
cined  pyrite  and  like  products  are  converted  to 
substantially  water-soluble  chloride  through  the 
influence  of  common  salt  and  iron  sulphide  at  a 
temperature  of  450  —  600°C,  while  the  iron  present 
is  converted  to  insoluble  hematite.  The  process 
needs  to  be  carried  out  in  a  multi-hearth  roaster 
and  today  is  not  considered  to  fulfil  modern 
requirements  with  regard  to  environmental  care, 
productivity  and  handling. 

Other  processes  based  on  the  chlorinating  vol- 
atilization  of  the  non-ferrous  metals  have  been 
proposed.  Such  processes  are  found  described, 
for  example,  in  US  —  A—  3  896  21  1  (Mayor,  Tord), 
DE—C—  19  34  440  (Montecantini),  US—  A  —  
3  482  964  (Kowa  Seiko),  DE—B—  10  68  020  and 
DE—B—  19  40  727  (Duisburger  KupferhCitte), 
CA—  A—  865,647  and  WO82/01381  (Boliden 
Aktiebolag).  Processes  based  on  the  chlorinating 
volatilization  of  non-ferrous  metals,  however,  are 
encumbered  with  many  technical  problems  and 
have  not  been  used  hitherto  to  any  great  extent. 

In  addition  to  the  aforementioned  processes 
many  other  processes  have  also  been  proposed, 
the  majority  of  which  have  become  obsolete  or 
are  unusable  for  one  reason  or  another.  One 
method  of  recovering  non-ferrous  metals  which 
has  long  been  known  to  the  art  and  which  has 
also  been  applied  industrially,  comprises  convert- 
ing  the  non-ferrous  metals  to  sulphates  during 
the  roasting  of  the  ferrous  material  and  subse- 
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is  consequently  referred  to  as  "the  cinder".  The 
cinder  taken  from  the  outlet  of  the  roaster  is 
suitably  transferred  to  a  two-stage  fluid-bed  cin- 
der  cooler,  provided  with  cooling  coils  or  loops  to 

5  which  incoming  roasting  air  is  caused  to  pass 
prior  to  being  introduced  into  the  roaster.  In  this 
way,  heat  can  be  recovered  for  effecting  the 
sulphating  process  autothermally  while  simul- 
taneously  cooling  the  cinder  to  suit  "conditions  in 

10  the  subsequent  leaching  operation.  If  desired, 
water  can  be  charged  to  the  cooler  in  order  to 
remove  additional  heat  from  the  cinder.  The  air 
required  for  fluidization  in  the  cooler,  together 
with  any  steam  generated,  is  transferred  to  the 

is  roaster  as  a  secondary  air  flow. 
The  gas  leaving  the  roaster  through  the  Cottrell 

precipitator  is  substantially  free  of  dust,  this  dust 
containing  about  30  kg  sulphur  per  ton  of  ingoing 
cinder  or  60  g  sulphur  per  nm3  dry  roaster  gas. 

20  Since  iron  oxide  has  a  catalytic  effect  on  the 
formation  of  sulphur  trioxide  from  the  sulphur 
dioxide  formed,  the  exiting  gas  will  contain  the 
major  part  of  the  sulphur  components  present  in 
the  gas  in  the  form  of  sulphur  trioxide.  The  weight 

25  ratio  of  sulphur  trioxide  to  sulphur  dioxide  will 
thus  normally  be  roughly  2:1.  The  exiting  gas  can 
be  advantageously  used  for  manufacturing  sul- 
phuric  acid. 

Thus,  because  of  the  high  sulphur  trioxide 
30  content,  the  major  part  of  the  sulphur  contained 

in  the  gas  can  be  taken  up  in  hot  concentrated 
sulphuric  acid.  The  amount  of  sulphur  dioxide 
remaining  in  the  gas,  however,  is  much  too  large 
to  permit  the  gas  to  be  released  to  atmosphere 

35  and  much  too  low  for  use  in  the  conventional 
manufacture  of  sulphuric  acid  in  accordance  with 
the  contact  process,  unless  there  is  found  avail- 
able  for  this  purpose  a  sulphuric-acid  manufactur- 
ing  plant  based  on  gas  rich  in  sulphur  dioxide. 

40  There  is  known  to  the  art  a  number  of  processes 
which  can  be  used  to  convert  the  sulphur  content 
of  the  gas  to  gypsum,  which  can  be  dumped  or 
utilized. 

In  this  case,  however,  it  is  possible  in  a  prefered 
45  embodiment  of  the  invention  to  use  exiting  roas- 

ter  gas  for  the  production  of  aluminium-sulphate 
solutions,  by  introducing  aluminium  hydrate  of  a 
particularly  high-reactive  quality  to  the  last  tower 
of  a  series  of  gas  washing  towers  through  which 

so  the  gas  is  passed  downstream  of  the  Cottrell 
precipitator.  The  solution  obtained  in  this  last 
washing  stage  is  transferred  to  the  next  washing 
stage,  together  with  any  undissolved  substances, 
and  so  on  to  the  washing  stage  lying  nearest  the 

55  Cottrell  precipitator  with  respect  to  the  direction 
of  gas  flow. 

Thus,  the  solution  obtained  flows  in  countercur- 
rent  with  the  exiting  gas,  resulting  in  maximum 
recovery  of  sulphur  trioxide  and  sulphur  dioxide 

so  from  the  exiting  gas.  At  the  same  time,  the 
aluminium  sulphate  solution  formed  is  concen- 
trated  to  about  8%  calculated  on  its  aluminium 
trioxide  content.  In  order  to  improve  the  uptake  of 
sulphur  dioxide,  so  that  the  gas  released  to 

65  atmosphere  contains  less  than  0.05  per  cent  by 

example,  in  the  aforementioned  Boliden  Patent 
CA—  A—  892  475.  In  such  processes  the  cinder 
produced  when  roasting  pyrite  is  transferred  to  a 
second  roasting  reactor,  in  which  sulphatization  is 
effected  either  with  the  aid  of  residual  sulphur  in 
the  cinder  which  is  sulphated  with  air  or  with  the 
aid  of  a  sulphating  agent  supplied  totally  or  in 
part  from  an  external  source,  such  as  sulphuric 
acid  or  sulphate  solutions,  Since  the  roasting 
process  is  autothermal  and  the  cinder  is  obtained 
in  a  hot  state,  it  is  necessary  to  control  the 
temperature  with  the  aid  of  cooling  coils  and/or 
water  supplied  to  the  process.  When  the  cinder 
has  been  produced  in  a  plant  remote  from  the 
roaster  in  which  the  sulphating  roasting  process 
is  effected,  as  with  a  two-stage  sulphating  roast- 
ing  process,  the  cinder  will  probably  be  wet  and 
can  contain  up  to  10%  water.  Consequently,  such 
cinders  should  be  partially  dried,  for  example 
with  the  aid  of  hot  reaction  gas,  hereinafter 
discussed,  or  also  sulphated  together  with  a  given 
minor  quantity  of  pyrite,  heat  from  the  roaster  gas 
and  the  sulphated  goods  being  recycled  to  the 
process. 

The  sulphating  roasting  process  is  suitably 
carried  out  in  a  fluid-bed  furnace  provided  with 
means  for  re-circulating  dust  and  in  which  pro- 
visions  are  made  for  maintaining  a  retention  time 
of  sufficient  duration  for  the  cinder  to  convert  as 
completely  as  possible.  The  reaction  temperature  ■ 
is  chosen  with  respect  to  an  optimum  formation 
of  metal  salts,  while  the  formation  of  iron  sul- 
phates  should  be  avoided.  This  is  achieved  at  the 
temperature  of  about  600°C  at  which  the  equilib- 
rium  for  the  reaction 

SO2+5O2^SO3 

favours  the  formation  of  sulphur  trioxide  (SO3)  at 
such  a  high  reaction  rate  that  there  is  assured  a 
sufficiently  high  partial  pressure  of  sulphur  triox- 
ide  to  form  metal  sulphates,  which  also  facilitate 
cleaning  of  the  exiting  gas  or  off-gas. 

In  the  case  of  a  charge  comprising  wet  cinder 
and  pyrite,  part  of  the  cinder  intended  for  the 
sulphating  stage  is  suitably  charged  directly  to 
the  fluid  bed  of  the  furnace  and  part  to  the  gas 
cleaning  system.  This  latter  part  of  the  cinder, 
which  reaches  to  about  40%  of  the  total  amount, 
is  introduced  at  the  gas  outlet  of  a  first  cyclone  of 
the  gas  cleaning  system,  for  returning  calcine  to 
the  fluid  bed.  The  temperature  of  the  exiting  gas 
is  lowered  in  this  way  to  about  350°C,  and  the 
cinder  charge  is  dried  and  pre-heated.  The  exiting 
gas  is  passsed  through  a  second  cyclone  and 
finally  through  a  hot-Cottrell  precipitator  for  the 
extraction  of  dust  accompanying  the  gas,  this 
dust  being  recycled  to  the  roaster  with  the  excep- 
tion  of  a  minor  amount  which  is  transferred  to  the 
subsequent  leaching  process. 

The  major  part  of  the  sulphated  cinder  leaves 
the  sulphating  reactor  from  the  fluid  bed  at  the 
reaction  temperature.  For  the  sake  of  simplicity, 
the  sulphating  reactor  is  hereinafter  referred  to  as 
"the  roaster"  and  the  sulphated  roasted  product 
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will  be  formed  during  the  leaching  process  and  is 
thus  effectively  fixated  in  the  leaching  product. 
This  is  important  with  respect  to  the  risk  of  the 
formation  of  the  extremely  toxic  substance 
arsenic  hydride  (arsine,  AsH3)  in  conjunction  with 
counterstream  cementation  of  the  metals. 

Since  some  cinders  are  relatively  rich  in 
potassium,  it  is  important  to  avoid  build-ups  of 
this  element  in  the  system  in  those  cases  when  all 
of  the  chloride  solution  is  recycled  in  the  system. 
This  fixation  of  the  potassium  present  is  achieved 
by  the  formation  of  potassium  jarosite 
K2Fe4(SO4)6(OH)12. 

Subsequent  to  the  leaching  stage,  the  slurry 
formed,  comprising  iron  oxides  and  leaching 
solution,  is  transferred  to  a  thickener  fn  which  the 
solid/liquid  ratio  is  adjusted  to  suit  the  subse- 
quent  operations.  The  thickened  slurry  is  trans- 
ferred  from  the  thickener  to  a  filter,  while  the 
overflow  liquid  is  recycled  to  the  cooling  stage.  In 
view  of  the  high  temperature  of  the  slurry  to  be 
filtered  the  necessity  of  washing  the  filter  cake 
substantially  free  from  soluble  material,  it  is 
important  that  the  correct  filter  apparatus  is 
chosen.  A  modern  filter  press  is  capable  of 
handling  large  quantities  of  solids  and  also  pro- 
vides  relatively  good  washing  results.  The  liquid 
obtained  when  washing  the  filter  cake  is  used  to 
ajust  the  concentration  of  the  leaching  solution, 
i.e.  the  pregnant  solution,  and  a  part  of  this 
solution  is  used  as  make-up  liquid  for  replacing 
losses  caused  by  vaporization  of  the  hot  solutions 
in  the  system.  The  washing  water  is  suitably 
heated  prior  to  use  in  the  washing  stage.  Since 
the  resultant  filter  cake  will  comprise  about  20% 
water,  and  since  water  is  requfred  to  compensate 
losses  due  to  evaporation  and  is  also  required  to 
produce  the  resultant  aluminium  chloride  pro- 
duct,  the  water  requirement  shall  include  suffi- 
cient  water  to  enable  the  filter  cake  to  be  washed 
effectively. 

The  metals  present  in  the  pregnant  solution  are 
cemented  out  therefrom  in  accordance  with  the 
invention  by  adding  metal  to  said  solution. 
According  to  one  embodiment  of  the  invention 
aluminium  metal  is  used,  while  according  to 
further  embodiments  zinc  metal,  optionally  in 
combination  with  lead,  and  iron  metal  are  used. 
The  metals  are  suitably  used  in  a  fine-grain  form, 
for  example  in  powder  form. 

It  may  seem  strange  to  use  the  relatively  expen- 
sive  metal  aluminium  for  precipitating  out  the 
often  less  expensive  base  metals.  The  reason  for 
using  aluminium,  however,  is  that  it  forms  useful 
and  valuable  products  such  as  aluminium  sul- 
phate  and  aluminium  chloride  of  such  quality  as 
to  enable  the  products  to  be  used  for  water 
purifying  purposes.  It  can  be  shown  that  the  value 
of  the  aluminium  ions  in  said  products  lies  close 
to  the  price  of  aluminium  scrap,  even  when  using 
kaolin,  bauxite  or  aluminium  hydroxide  as  start- 
ing  materials  in  the  commercial  production  of 
said  chemicals.  The  weight  of  the  aluminium 
required  to  precipitate  zinc  is,  moreover,  only 
27.5%  of  the  amount  of  zinc  required  and  only 

volume  sulphur  dioxide,  an  oxidation  agent,  such 
as  sodium  chlorite,  can  be  added.  Each  tower  is 
provided  with  a  closed  liquid  circulation  circuit 
and  a  settling  tank,  from  which  a  part  of  the  slurry 
formed  is  returned  to  the  tower,  while  the  5 
remainder  of  the  slurry  is  transferred  to  the 
leaching  stage  for  recovery  of  the  aluminium 
content  of  said  slurry. 

Subsequent  to  having  passed  the  cooling  stage 
incorporated  in  the  roaster  furnace,  the  sulphated  w 
cinder  will  have  a  temperature  of  about  300°C.  At 
this  temperature  the  cinder  is  suitably  cooled  with 
recycled  solution  containing  metal  chloride,  for 
example  >  2  mol/l  aluminium  chloride.  In  order  to 
form  a  slurry  which  can  be  readily  handled,  the  15 
weight  ratio  of  liquid  to  solid  material  should  be 
approximately  1.  This  ratio  will  result  in  a  slurry 
temperature  of  about  110°C,  which  is  close  to  its 
boiling  point.  A  slurry  of  suitable  composition  for 
the  leaching  stage  in  question  can  be  suitably  20 
obtained  by  thickening  the  slurry  and  recycling 
overflow  liquid  from  the  thickener  to  the  cooling 
stage. 

Leaching  is  suitably  carried  out  at  elevated 
pressure  and  temperature  for  a  period  of  about  25 
one  hour  at  a  pH  of  2—3.  The  material  is  prefer- 
ably  agitated  during  the  leaching  process.  An 
oxidizing  agent  is  added  to  the  leaching  solution. 
Preferred  oxidation  agents  are  chlorine  gas, 
oxygen  gas,  hydrogen  peroxide,  chlorates  and/or  30 
hypochlorites,  while  sodium  chlorate  is  particu- 
larly  preferred.  The  leaching  liquid  will  comprise 
the  chloride-containing  solution  remaining  subse- 
quent  to  precipitating  the  leached-out  metal  con- 
tent  by  cementation.  In  addition  to  chloride  ions  35 
the  leaching  liquid  will  also  contain  metal  cations, 
depending  upon  the  metal  or  metals  used  for 
cementing  out  the  metal  content  of  the  leaching 
solution.  When  cementation  of  said  metal  content 
is  effected  with  the  aid  of  aluminium  powder,  the  40 
leaching  solution  may  contain  up  to  2  mol/l 
aluminium  chloride,  or  even  more.  The  chloride 
solution  must  be  concentrated  to  a  level  at  which 
there  is  obtained  an  increase  in  the  boiling  point 
of  such  high  magnitude  that  the  solution  can  be  45 
filtered  in  vacuum  filters  without  boiling.  If  zinc, 
iron  or  lead  are  used  for  the  cementation  process, 
the  recycled  solution,  as  hereinafter  explained, 
may  contain  both  zinc  and  other  cations,  for 
example  aluminium,  magnesium  and  sodium.  so 

The  iron  content  of  the  cinder  will  not  dissolve 
under  the  leaching  conditions  chosen,  while  base 
metals  and  precious  metals  will  form  chloride 
complexes  exemplified  by  the  following  reac- 
tions:  55 

PbS04+n  Cr=PbCln-(n-2|+SO42- 

m"3  Ag2SO4+6  (m+1)Cr=6  AgClm?7+3  SO42~ 
60 

where  n  may  be  3  or  4 
and  m  is  1,  2  or  3. 
Corresponding  formation  of  complex  ions  are 

formed  for  the  other  metals  in  question. 
If  arsenic  is  present  in  the  cinder,  iron  arsenate  65 
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powder.  As  with  the  case  when  using  aluminium, 
the  more  precious  metals  such  as  copper,  silver 
and  gold  are  precipitated  in  a  first  cementation 
stage,  while  lead  and  metals  related  thereto  are 

5  cemented  out  in  a  second  stage.  Any  zinc  present 
remains  in  the  solution  and  is  later  recovered 
therefrom  in  the  form  of  zinc  metal  with  the  aid  of 
an  electrowinning  process.  The  iron  added  to  the 
cementation  process  can  be  precipitated  by 

w  adding  zinc  sulphide  concentrate,  which  results  in 
a  surprisingly  efficient  precipitation  of  iron,  this 
precipitate  being  returned  to  the  roasting  stage 
together  with  any  zinc  accompanying  the  precipi- 
tate,  and  can  then  be  removed  together  with  the 

15  iron  oxide  product.  Subsequent  to  precipitation  of 
the  iron,  the  solution  is  neutralized  with  lime  or 
dolomite,  wherewith  a  precipitate  containing  cal- 
cium  and  zinc  can  be  separated  out,  while  the 
chloride  solution  containing  magnesium  is 

20  recycled  to  the  cooling  stage.  The  zinc  is 
separated  from  the  gypsum  by  digesting  the 
same  with  sulphuric  acid  and  recovering  the  zinc 
by  electrowinning  in  the  above  indicated  manner. 
The  sulphuric  acid  formed  during  the  electrowin- 

25  ning  process  is  utilized  for  digesting  the  zinc. 
Alternatively,  the  iron  can  be  precipitated  out 

after  neutralizing  the  solution  for  the  precipitation 
of  an  iron  zinc  precipitate,  which  is  dissolved  in 
sulphuric  acid,  whereafter  ammonia  and  zinc 

30  oxide  are  added  to  precipitate  the  iron  in  the  form 
of  an  ammonium  jarosite  precipitate,  which  can 
be  readily  filtered  off.  Subsequent  to  filtering  off 
the  jarosite,  the  residual  zinc  can  be  recovered 
from  the  solution  by  electrowinning,  while  the 

35  jarosite  is  recycled  to  the  sulphating  stage  for 
recovery  of  iron  oxide. 

As  beforementioned,  it  is  also  possible,  and  at 
times  advantageous  to  utilize  zinc  as  the  pre- 
cipitating  agent.  The  zinc  present  in  the  final 

40  solution  is  recovered  by  precipitation  as  zinc 
hydroxide,  using  lime  for  example  as  the  pre- 
cipitating  agent.  The  mother  liquor,  which  this 
case  may  contain  every  cation  which  does  not 
form  sulphates  of  low  solubility,  is  recycled  to  the 

45  leaching  process,  suitably  via  the  cooling  stage,  in 
which  the  solution  may  form  the  coolant.  Suitable 
cations  in  this  context  are  aluminium,  magnesium 
and  sodium.  Part  of  the  cations,  together  with 
chloride  ions,  will  be  lost  as  a  result  of  incomplete 

so  washing  of  the  formed  filter  cake.  These  losses 
must  be  compensated  for.  This  is  suitably 
effected  by  adding  hydrogen  chloride  to  the  first 
cementation  stage,  while  the  cation  losses  are 
made  up  when  precipitating  the  zinc  and  the 

55  sulphate  by  adding  lime,  which  normally  contains 
sufficient  magnesium.  The  recycled  solution  will 
thus  comprise  mainly  magnesium  chloride  and 
water. 

For  the  purpose  of  separating  the  gypsum 
60  formed  from  the  zinc  precipitate  there  is  used  a 

mineral  acid,  such  as  sulphuric  acid,  and  the 
resultant  zinc  sulphate  solution  can  be  worked-up 
to  produce  metaltic  zinc  in  accordance  with  estab- 
lished  processes. 

65  The  invention  is  further  illustrated  in  Figures 

8.7%  of  the  amount  of  lead  required  for  the  same 
purpose.  The  figure  in  respect  of  copper  is  28.3%. 

When  cementing  the  base  metals  with 
aluminium,  the  resultant  cement  zinc  can  be  used 
for  recovering  copper  and  lead,  while  the  resul- 
tant  cement  lead  can  be  used  for  recovering 
copper  and  precious  metals.  Local  conditions  and 
the  properties  of  the  pregnant  solutions,  how- 
ever,  will  often  determine  the  most  economical 
method  of  carrying  out  the  cementation  process. 
The  same  amount  of  aluminium  metal,  however, 
will  be  required,  since  corresponding  amounts  of 
zinc  and  lead  used  in  the  first  stages  of  a  multi- 
stage  cementation  process  will  be  required  to 
again  cement-out  with  aluminium. 

The  cementation  process  must  be  carried  out  at 
the  correct  pH  for  the  solution  and  it  may  be 
necessary  to  add  hydrogen  chloride.  The 
cementation  process  is  carried  out  most  suitably 
in  three  part  stages,  wherewith  more  precious 
metals,  such  as  copper,  silver  and  gold  for 
example,  are  recovered  in  the  first  stage,  which  is 
effected  in  an  acid  environment,  while  lead  and 
metals  related  to  lead  are  recovered  in  a  second 
stage,  and  zinc  in  the  last  stage.  Subsequent  to 
the  three  cementation  stages  there  remains  a 
solution  depleted  of  the  recovered  metals,  here 
called  the  mother  liquor,  which  may  contain 
aluminium  chloride  and  aluminium  sulphate  or 
corresponding  zinc  compounds.  A  part  of  this 
solution  is  removed  from  the  process,  said  part 
necessarily  containing  all  the  soluble  sulphates  in 
the  cinder  and  also  the  total  aluminium  metal 
supplied  to  the  process.  That  part  of  the  solution 
removed  from  the  process  can  be  sold  as  a  water 
purifying  agent,  subsequent  to  optionally  being 
concentrated.  It  is  possible,  however,  to  precipi- 
tate  out  all  of  the  sulphate-ion  content,  or  a  part 
thereof,  so  that  both  the  liquid  recycled  to  the 
process  and  that  sold  as  a  water  purifying  agent 
will  be  substantially  free  from  sulphates.  If  that 
part  of  the  liquid  removed  from  the  process  is 
deprived  of  only  a  part  of  its  sulphate  content 
there  is  obtained  a  solution  of  polyaluminium 
sulphate  and  aluminium  chloride.  If  a  sulphate- 
free  solution  is  preferred,  it  is  necessary  to  add 
additional  chlorides  in  the  form  of  calcium 
chloride  and/or  hydrogen  chloride  in  conjunction 
with  the  sulphate  precipitation  process. 

One  condition  for  selecting  aluminium  metal 
for  recovery  of  the  base  metals  is  that  a  market  is 
to  be  found  for  the  aluminium  chloride  solution 
and/or  the  aluminium  sulphate  solutions  as  water 
treatment  chemicals.  This  market  is  growing  and 
will  become  more  and  more  important  in  the 
majority  of  countries.  One  other  condition  is  that 
the  price  gap  between  aluminium  and  the  base 
metals  does  not  widen  excessively.  The 
aluminium  metal  used  may  comprise  low-grade 
scrap.  The  price  and  availability  of  such  scrap  is 
vital  to  the  economy  of  the  process. 

In  many  cases,  however,  it  is  more  suitable  to 
carry  out  the  cementation  process  with  iron, 
which  may  be  charged  to  the  system  in  the  form, 
for  example,  of  a  commercially  available  iron 
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4.  A  method  according  to  any  one  of  claims  1  —  3, 
characterized  by  using  as  the  oxidation  agent  at 
least  one  of  the  substances  taken  from  the  group 
chlorine  gas,  oxygen  gas,  hydrogen  peroxide, 
chlorates  and  hypochlorites. 

5.  A  method  according  to  claim  1  and  claim  2, 
characterized  by  carrying  out  the  leaching  process 
in  stage  b)  at  elevated  pressure  and  temperature, 
which  are  adjusted  by  controlling  the  amount  ratio 
of  solid  substance:leaphing  liquid  in  the  cooling 
process. 

6.  A  method  according  to  claim  1  and  claim  3,  in 
which  the  cementation  process  is  effected  with 
aluminium,  characterized  by  carrying  out  the 
cementation  process  in  several  stages,  with  a 
separation  step  after  each  stage,  wherewith  any 
copper,  silver  and  gold  present  is  first  precipitated 
out  after  adjusting  the  pH  to  about  3,  whereafter 
any  lead  and  zinc  present  are  precipitated  out  in 
separate  stages;  and  by  effecting  the  precipitation 
of  gypsum  in  stage  e)  to  a  residual  sulphate 
content  in  the  solution  so  adjusted  that  a  mixture 
of  polyaluminium  sulphate  and  aluminium 
chloride  is  formed  in  the  solution. 

7.  A  method  according  to  claim  1  and  claim  3,  in 
which  the  cementation  process  is  carried  out  with 
zinc,  characterized  in  that  subsequent  to  separ- 
ating  the  last  cemented  metal,  gypsum  and  zinc 
hydroxide  are  precipitated  out  by  adding  calcium 
compound  and  any  cation  capable  of  building 
soluble  sulphate,  whereafter  formed  gypsum- 
hydroxide-precipitate  is  separated  and  the  sol- 
ution  recycled  in  the  process  as  leaching  liquid. 

8.  A  method  according  to  claim  7,  characterized 
by  digesting  the  separated  gypsum-hydroxide 
precipitate  with  hydrochloric  acid  and/or  sulphuric 
acid  to  dissolve  zinc  hydroxides,  and  by  removing 
zinc  in  the  form  of  zinc  chloride  and/or  zinc 
sulphate. 

9.  A  method  according  to  claim  1  and  claim  3,  in 
which  the  cementation  process  is  carried  out  with 
iron,  characterized  in  that  subsequent  to  said 
cementation  process,  iron  is  precipitated  out  as 
jarosite,  and  the  jarosite  separated  and  recycled  to 
the  roasting  process. 

1  0.  A  method  according  to  claim  1  and  claim  3,  in 
which  the  cementation  process  is  carried  out  with 
iron,  characterized  in  that  subsequent  to  said 
cementation  process,  iron  is  precipitated  out  with 
zincsulphide  and  returned  to  the  roasting  process. 

Patentanspriiche 

1.  Verfahren  zurGewinnung  von  Nichteisenme- 
tall  aus  Eisenmaterialien  von  Typ  der  Eisensulfide 
und  Zersetzungsprodukte  und  Rostprodukte  der- 
selben  mit  den  Stufen,  bei  denen  man 

a)  das  Material  sulfatierend  rostet, 
b)  das  sulfatierte  Material  mit  einer  chloridhalti- 

gen  wafcrigen  Losung  auslaugt,  wahrend  man  ein 
Oxidationsmittel  in  einer  solchen  ausgewahlten 
Menge  zufiihrt,  daG  vorhandenes  Arsen  als  Eise- 
narsenat  gebunden  wird,  daft  vorhandene  Alkali- 
metalle  als  Jarosite  gebunden  werden  und  daft  ein 
fur  das  Binden  leicht  loslich  gemachter  Metallchlo- 

1  —  4  of  the  accompanying  drawings,  these  figures 
having  the  form  of  flow  sheets  of  preferred 
embodiments  of  the  method. 

Figure  1  is  a  flow  sheet  of  a  method  in  which 
material  is  subjected  to  a  sulphating  roasting  5 
process  and  recovered  metals  are  precipitated  out 
with  aluminium  powder,  and  in  which  the  roaster 
gas  is  purified  by  supplying  aluminium  hydrate  to 
a  washing  system. 

Figure  2  is  a  flow  sheet  of  a  method  in  which  10 
recovered  metals  are  precipitated  out  with  zinc. 

Figures  3  and  4  are  two  different  flow  sheets  of 
methods  in  which  recovered  metals  are  precipi- 
tated  out  with  iron. 

For  the  sake  of  clarity,  these  flow  sheets  are  is 
drawn  to  show  material  and  reactants  supplied  to 
the  system  on  the  left,  while  exiting  products  are 
shown  on  the  right.  The  figures  also  shown  how 
mother  liquor  is  recycled  to  the  cooling  stage  of 
respective  processes,  and  how  liquid  from  thicken-  20 
ers  and  filters  is  recycled  to  the  cooling  stage, 
together  with  liquid  from  the  gas  washing  towers. 
Since  all  the  process  stages  have  been  discussed 
in  the  aforegoing,  it  is  not  thought  necessary  to 
describe  the  flow  sheets  in  any  further  detail.  25 

Claims 

1.  A  method  for  recovering  non-ferrous  metal 
values  from  ferrous  materials  of  the  type  iron  30 
sulphides  and  decomposition  products  and  roast- 
ing  products  thereof  which  comprises  the  steps  of 

a)  sulphating  roasting  said  materials, 
b)  leaching  the  sulphated  material  with  a 

chloride-containing  aqueous  solution  while  3S 
supplying  an  oxidation  agent  in  an  amount 
selected  so  that  any  arsenic  present  is  bound  as 
iron  arsenate,  so  that  any  alkali  metals  present  are 
bound  as  jarosites,  and  so  that  a  redox  potential 
suitable  for  binding  readily  soiubilized  metal  40 
chloride  complexes  is  obtained; 

c)  separating  the  leached  material  obtained  in 
stage  b)  from  the  solution  and  washing  the 
separated  material  with  water,  and  removing  said 
material  in  the  form  of  an  iron  oxide  product;  45 

d)  freeing  the  solution  separated  in  stage  c)  from 
valuable  metals  by  cementation,  and  by  separ- 
ating  the  cemented-out  metal  content  and 
recovering  said  content; 

e)  precipitating  sulphate  ions  in  the  solution  50 
obtained  in  stage  d)  as  gypsum,  separating  the 
gypsum  and  precipitating  out  any  residual 
valuable  metal  ions  in  a  suitable  manner,  and 
separating  said  ions;  and 

f)  recycling  at  least  a  part  of  the  solution  55 
obtained  in  stage  e)  as  a  leaching  liquid  for  the 
sulphated  material. 

2.  A  method  according  to  claim  1,  characterized 
by  cooling  the  sulphated  material  while  adding 
leaching  liquid  to  form  a  slurry  at  a  temperature  of  60 
between  60°C  and  the  boiling  point  of  the  slurry. 

3.  A  method  according  to  claim  1  or  claim  2, 
characterized  by  cementing  the  valuable  metals  by 
adding  one  or  more  metals  of  the  group 
aluminium,  lead,  zinc  or  iron.  65 
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8.  Verfahren  nach  Anspruch  7,  dadurch  gekenn- 

zeichnet,  dalS  man  den  abgetrennten  Gipshydro- 
xidniederschlag  mit  Chlorwasserstoffsaure  und/ 
oder  Schwefelsaure  unter  Auflosen  von  Zinkhy- 

5  droxiden  aufschlieftt  und  Zink  in  der  Form  von 
Zinkchlorid  und/oder  Zinksulfat  enternt. 

9.  Verfahren  nach  Anspruch  1  und  Anspruch  3, 
bei  welchem  das  Ausfallverfahren  mit  Eisen 
durchgefCihrt  wird,  dadurch  gekennzeichnet,  dalS 

10  nach  dem  Ausfallverfahren  Eisen  als  Jarosit  aus- 
gefallt  wird  und  d*er  abgetrennte  Jarosit  zu  dem 
Rostverfahren  zuruckgefijhrt  wird. 

10.  Verfahren  nach  Anspruch  1  und  Anspruch  2, 
bei  dem  das  Ausfallverfahren  mit  Eisen  durchge- 

15  fuhrt  wird,  dadurch  gekennzeichnet,  daB  nach 
dem  Ausfallverfahren  Eisen  mitZinksulfid  ausge- 
fallt  und  zu  dem  Rostverfahren  zuruckgefiihrt 
wird. 

20  Revendications 

1.  Procede  de  recuperation  de  metaux  non 
ferreux  interessants  au  depart  de  matieres  fer- 
reuses  du  type  des  sulfures  de  fer,  de  leurs 

25  produits  de  decomposition  et  de  leurs  produits  de 
grillage,  qui  comprend  les  phases  suivantes: 

(a)  le  grillage  sulfatant  de  ces  matieres; 
(b)  la  lixiviation  de  la  matiere  sulfatee  avec  une 

solution  aqueuse  contenant  un  chlorure,  tout  en 
30  alimentant  un  agent  oxydant  en  une  quantite 

choisie  pour  que  tout  arsenic  present  quelconque 
soit  lie  sous  forme  d'arseniate  de  fer,  de  maniere 
que  les  metaux  alcalins  quelconques  presents 
soient  lies  sous  forme  de  jarosites  et  de  maniere  a 

35  obtenir  un  potentiel  redox  convenant  pour  lier 
facilement  les  complexes  de  chlorure  metallique 
solubilises; 

(c)  la  separation  de  la  matiere  lixiviee  obtenue 
dans  la  phase  (b)  a  partir  de  la  solution,  et  le 

40  lavage  de  la  matiere  separee  a  I'eau,  avec  ensuite 
separation  de  cette  matiere  sous  la  forme  d'un 
produit  d'oxyde  de  fer; 

(d)  la  liberation  de  la  solution  separee  dans  la 
phase  (c)  des  metaux  interessants  par  cementa- 

45  tion  et  par  separation  de  la  teneur  en  metaux 
cementes  et  recuperation  de  leur  contenu; 

(e)  la  precipitation  des  ions  sulfate  se  trouvant 
dans  la  solution  obtenue  dans  la  phase  (d)  sous 
forme  de  gypse,  la  separation  du  gypse  et  la 

so  precipitation  des  ions  metalliques  residuels  quel- 
conques  interessants  d'une  maniere  appropriee, 
et  la  separation  de  ces  ions;  et 

(f)  le  recyclage  d'au  moins  une  partie  de  la 
solution  obtenue  dans  la  phase  (e)  a  titre  de 

55  liquide  de  lixiviation  pour  la  matiere  sulfatee. 
2.  Procede  suivant  la  revendication  1,  caracte- 

rise  par  le  refroidissement  de  la  matiere  sulfatee, 
tandis  que  Ton  ajoute  du  liquide  de  lixiviation 
pour  former  une  suspension  a  une  temperature 

60  comprise  entre  60°C  et  le  point  d'ebullition  de 
cette  suspension. 

3.  Procede  suivant  la  revendication  1  ou  2, 
caracterise  par  la  cementation  des  metaux  inte- 
ressants  par  addition  d'un  ou  plusieurs  metaux 

65  du  groupe  comprenant  I'aluminium,  le  plomb,  le 

ridkomplexe  geeignetes  Redoxpotential  erhalten 
wird; 

c)  das  in  der  Stufe  b)  erhaltene  ausgelaugte 
Material  von  der  Losung  abtrennt  und  das  abge- 
trennte  Material  mit  Wasser  wascht  und  das 
Material  in  der  Form  eines  Eisenoxidproduktes 
entfernt, 

d)  die  in  der  Stufe  c)  abgetrennte  Losung  von 
wertvollen  Metallen  durch  Ausfallung  und  durch 
Abtrennung  des  ausgefallten  Metallgehaltes  und 
Gewinnung  dieses  Gehaltes  befreit, 

e)  Sulfationen  in  der  in  Stufe  d)  erhaltenen 
Losung  als  Gips  ausfallt,  den  Gips  abtrennt  und 
restliche  wertvolle  Metallionen  in  geeigneter 
Weise  ausfallt  und  diese  lonen  abtrennt  und 

f)  wenigstens  einen  Teil  der  in  der  Stufe  e) 
erhaltenen  Losung  als  Auslaugfliissigkeit  fur  das 
sulfatierte  Material  zurCickfuhrt. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dalS  man  das  sulfatierte  Material  unter 
Zugabe  von  Auslaugflussigkeit  zur  Bildung  eines 
Schlammes  bei  einer  Temperatur  zwischen  60°C 
und  dem  Siedepunkt  des  Schlammes  kuhlt. 

3.  Verfahren  nach  Anspruch  1  oder  Anspruch  2, 
dadurch  gekennzeichnet,  dalS  man  die  wertvollen 
Metalle  durch  Zugabe  eines  oder  mehrerer 
Metalle  der  Gruppe  Aluminium,  Blei,  Zink  oder 
Eisen  ausfallt. 

4.  Verfahren  nach  einem  der  Anspruche  1  bis  3, 
dadurch  gekennzeichnet,  dalS  man  als  das  Oxida- 
tionsmittel  wenigstens  eine  der  Substanzen  aus 
der  Gruppe  Chlorgas,  Sauerstoffgas,  Wasserstoff- 
peroxid.  Chlorate  und  Hypochlorite,  verwendet. 

5.  Verfahren  nach  Anspruch  1  und  Anspruch  2, 
dadurch  gekennzeichnet,  dalS  man  das  Auslaug- 

"verfahren  in  der  Stufe  b)  bei  erhohtem  Druck  und 
erhohter  Temperatur  durchfuhrt,  die  durch  Steue- 
rung  des  Mengenverhaltnisses  von  Festsubstanz 
zu  Auslaugflussigkeit  in  dem  Kiihlverfahren  ein- 
gestellt  werden. 

6.  Verfahren  nach  Anspruch  1  und  Anspruch  3, 
in  welchem  das  Ausfallverfahren  mit  Aluminium 
durchgefuhrt  wird,  dadurch  gekennzeichnet,  da(S 
man  das  Ausfallverfahren  in  mehreren  Stufen  mit 
einer  Trennstufe  nach  jeder  Stufe  durchfuhrt, 
wobei  vorhandenes  Kupfer,  Silber  und  Gold 
zunachst  nach  Einstellung  des  pH-Wertes  auf 
etwa  3  ausgefallt  wird  wonach  vorhandenes  Blei 
und  Zink  in  getrennten  Stufen  ausgefallt  werden, 
und  dalS  man  die  Ausfallung  von  Gips  in  der  Stufe 
e)  bis  zu  einem  Restsulfatgehalt  in  der  Losung, 
der  so  eingestellt  wird,  daS  ein  Gemisch  von 
Polyaluminiumsulfat  und  Aluminiumchlorid  in 
der  Losung  gebildet  wird,  durchfuhrt. 

7.  Verfahren  nach  Anspruch  1  und  Anspruch  3, 
in  welchem  das  Ausfallverfahren  mit  Zink  durch- 
gefuhrt  wird,  dadurch  gekennzeichnet,  dalS  man 
nach  der  Abtrennung  des  letzten  ausgefallten 
Metalles  Gips  und  Zinkhydroxid  durch  Zugabe 
von  Calciumverbindung  und  irgendeinem  Kation, 
das  zur  Bildung  von  loslichem  Sulfat  in  der  Lage 
ist,  ausfallt,  wonach  gebildeter  Gipshydroxidnie- 
derschlag  abgetrennt  wird  und  die  Losung  als 
Auslaugflussigkeit  in  das  Verfahren  zurtickgefuhrt 
wird. 
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revendication  3,  dans  lequel  I'operation  de 
cementation  est  realisee  avec  du  zinc,  caracterise 
en  ce  qu'apres  separation  du  dernier  metal 
cemente,  le  gypse  et  I'hydroxyde  de  zinc  sont 
precipites  par  addition  d'un  compose  de  calcium 
et  de  tout  cation  quelconque  capable  de  former 
un  sulfate  soluble,  puis  le  precipite  forme  de 
gypse  et  d'hydroxyde  est  separe,  et  la  solution  est 
recyclee  au  procede  sous  la  forme  de  liquide  de 
lixiviation. 

8.  Procede  suivant  la  revendication  7,  caracte- 
rise  par  la  digestion  du  precipite  de  gypse- 
hydroxyde  separe  avec  de  I'acide  chlorhydrique 
et/ou  de  I'acide  sulfurique  pour  dissoudre  les 
hydroxydes  de  zinc,  et  par  la  separation  du  zinc 
sous  la  forme  de  chlorure  de  zinc  et/ou  de  sulfate 
de  zinc. 

9.  Procede  suivant  la  revendication  1  et  la 
revendication  3,  dans  lequel  I'operation  de 
cementation  est  realisee  avec  du  fer,  caracterise 
en  ce  qu'apres  I'operation  de  cementation,  le  fer 
est  precite  sous  forme  de  jarosite,  et  la  jarosite  est 
separee  et  recyclee  au  procede  de  grillage.  • 

10.  Procede  suivant  la  revendication  1  et  la 
revendication  3,  dans  lequel  I'operation  de 
cementation  est  realisee  avec  du  fer,  caracterise 
en  ce  qu'apres  I'operation  de  cementation,  le  fer 
est  precipite  avec  du  sulfure  de  zinc  en  renvoye  au 
procede  de  grillage. 

zinc  ou  le  fer. 
4.  Procede  suivant  I'une  quelconque  des  reven- 

dications  1  a  3,  caracterise  par  I'utilisation, 
comme  agent  oxydant,  d'au  moins  I'une  des 
substances  prises  dans  le  groupe  comprenant  le  5 
chlore  gazeux,  I'oxygene  gazeux,  le  peroxyde 
d'hydrogene,  les  chlorates  et  les  hypochlorites. 

5.  Procede  suivant  la  revendication  1  et  la 
revendication  2,  caracterise  par  la  mise  en  oeuvre 
du  procede  de  lixiviation  dans  la  phase  (b)  a  une  10 
pression  et  une  temperature  elevees,  qui  sont 
ajustees  en  agissant  sur  le  rapport  quantitatif 
entre  la  substance  solide  et  le  liquide  de  lixivia- 
tion  dans  le  procede  de  refroidissement. 

6.  Procede  suivant  la  revendication  1  et  la  15 
revendication  3,  dans  lequel  le  procede  de  cemen- 
tation  est  realise  avec  de  I'aluminium,  caracterise 
en  ce  qu'il  consiste  a  realiser  I'operation  de 
cementation  en  plusieurs  etapes,  avec  une  phase 
de  separation  apres  chaque  etape,  tout  cuivre,  20 
argent  et  or  presents  etant  d'abord  precipite  apres 
ajustement  du  pH  a  environ  3,  puis  tout  plomb  et 
zinc  presents  sont  precipites  au  cours  d'etapes 
distinctes,  et  en  ce  qu'on  effectue  la  precipitation 
du  gypse  dans  la  phase  (3)  pour  obtenir  dans  la  25 
solution  une  teneur  de  sulfate  residuel  ajustee  de 
maniere  a  avoir  dans  la  solution  un  melange  de 
sulfate  polyaluminique  et  de  chlorure  d'alumi- 
nium. 

7.  Procede  suivant  la  revendication  1  et  la  30 
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