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Description 

Field  of  Invention 

The  present  invention  relates  to  the  treatment 
of  metallic  copper  to  produce  intermediates  which 
may  themselves  be  readily  processed  into  a  wide 
range  of  copper  compounds. 

One  such  copper  compound  is  copper  sul- 
phate. 

Background  of  the  Invention 

Copper  sulphate  (CuS04.5H20)  is  a  compound 
used  extensively  in  such  areas  as  agriculture  (as  a 
soil  additive  in  pesticides  and  as  a  feed  additive), 
medicine,  electric  batteries,  steel  manufacture  and 
the  petroleum  industry. 

The  difficulty  in  providing  a  starting  point  for 
manufacture  of  copper  chemicals  has  always  been 
the  relative  inactivity  of  the  metal.  The  metal  can 
be  oxidised  by  heating  in  air,  but  this  is  expensive 
and  slow,  and  the  resultant  oxide  is  not  satisfactory 
as  a  source  of  cupric  salts. 

Traditionally,  copper  sulphate  has  been  manu- 
factured  by  reacting  copper  metal,  usually  copper 
scraps,  with  dilute  (25%)  sulphuric  acid,  in  the 
presence  of  excess  air,  utilising  the  reaction:- 

Cu  +  H2SO4  +  i02  -  CuSO+  +  H20  (1) 

The  reaction  is  endothermic  and  will  not  pro- 
ceed  at  a  satisfactory  rate  unless  the  temperature 
of  the  solution  is  maintained  at  a  minimum  of 
70  0  C,  and  usually  at  more  than  80  0  ,  for  example 
to  a  temperature  in  the  range  80  0  C  to  90  0  C. 

An  external  heat  source  is  required  for  this 
reaction,  and  steam  is  commonly  used  for  this 
purpose. 

The  reaction  is  usually  carried  out  by  pumping 
the  acid  through  towers  packed  with  scrap  copper, 
through  which  air  is  blown,  or  in  submerged  reac- 
tors,  where  the  acid  is  agitated  in  a  tank  packed 
with  scrap,  and  air  is  introduced  by  submerged 
aerators. 

Air  addition  rates  are  usually  required  to  be  7 
to  10  times  the  stoichiometric  amount,  based  on  its 
oxygen  content,  giving  an  oxygen  level  of  7  times 
the  stoichiometric  amount. 

The  reaction  is  usually  conducted  batchwise, 
and  is  complete  when  the  residual  acid  level  falls 
to  an  acceptable  level. 

With  such  a  process,  production  rates  of 
0.1t/hour/m3  of  reactor  volume  are  rarely  exceeded. 

The  resultant  copper  sulphate  solution  is  cool- 
ed  and  the  copper  sulphate  crystallises  out  and 
subsequently  removed,  usually  by  centrifuge.  The 
crystals  are  dried  and  packed  and  the  mother 

liquid  is  usually  returned  after  acid  enrichment,  to 
the  next  batch. 

This  traditional  method  has  several  problems:- 
(a)  Capital  and  maintenance  costs  must  take  into 

5  account  the  highly  corrosive  nature  of  aerated 
25%  hot  sulphuric  acid. 
(b)  The  endothermic  nature  of  the  reaction,  com- 
bined  with  the  heat  removal  resulting  from  the 
high  air  flows  required,  result  in  the  need  for 

10  external  heating  either  by  steam  or  some  other 
means. 
(c)  The  process  is  non-selective  in  that  metals 
other  than  copper  in  scrap,  that  will  dissolve  in 
hot  sulphuric  acid,  can  contaminate  the  product. 

15  (d)  The  reaction  rate  is  not  fast,  and  production 
rates  of  0.05t/hour/m3  of  reactor  volume  are 
common. 
(e)  The  air  effluent  can  contain  sulphur  dioxide, 
acid  droplets  and  copper  sulphate  mist,  and 

20  must  be  treated  in  some  way. 
(f)  The  necessity  to  recycle  mother  liquor  leads 
to  build-up  of  contaminants  which  must  be  re- 
moved  by  some  method. 
As  a  result  of  at  least  some  of  the  above 

25  problems,  energy  costs  may  amount  to  in  excess 
of  $50/t  of  product. 

It  has  also  been  long  known  that  solutions  of 
ammonia  salts,  or  various  combinations  of  them, 
will  also  attack  copper  metal,  again  in  the  presence 

30  of  oxygen.  Copper  ammines  are  produced,  accord- 
ing  to  the  equations: 

Cu  +  i02  +  4NH3  +  H20  -  Cu  (NH3MOH)2 
(2) 

35  and  Cu  +  i02  +  2NH3  +  2NH+X  -  Cu  (NH3)+  X2 
+  H20  (3) 
or  Cu  +  i02  +  2NH3  +  (NHO2Y  -  Cu  (NH3)+Y 
H20  (4) 

40  in  the  case  of  dibasic  acid  salts. 
US-A-3,760,070  discloses  a  process  in  which  a 

reaction  according  to  equation  3  is  carried  out.  The 
copper  ammine  solution  is  then  heated  to  produce 
copper  oxide,  and  the  ammonia  and  ammonium 

45  salt  are  recycled. 
One  major  disadvantage  of  the  process  of  US- 

A-3,760,070  is  the  energy  costs  associated  with  the 
heating  step. 

An  alternative  ammonia/ammonium  salt  pro- 
50  cess  uses  organic  strippers. 

In  this  process  copper  scrap  is  reacted  with  a 
solution  containing  ammonia  and  ammonium  car- 
bonate,  with  aeration,  under  agitation.  This  solution 
rapidly  dissolves  copper  up  to  a  concentration  of 

55  30  g/l.  The  pregnant  solution  is  then  removed  from 
the  reactor  and  mixed  with  a  proprietary  organic 
liquid  (for  example  one  known  as  LIX54)  which 
although  immiscible  with  the  aqueous  ammine  so- 

2 
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lution,  has  the  power  of  stripping  the  pregnant 
solution  of  the  contained  copper,  while  leaving  the 
NH3  and  Cu3=  in  the  aqueous  phase.  The  stripped 
aqueous  phase  is  then  recycled  to  the  reactor, 
while  the  separated  organic  layer,  containing  the 
copper  ions,  is  reacted  with  dilute  sulphuric  acid, 
which  forms  copper  sulphate.  This  migrates  to  the 
aqueous  phase,  leaving  the  organic  layer  stripped 
of  copper. 

The  organic  layer  is  then  separated  for  re-use, 
while  the  aqueous  phase  is  evaporated,  cooled, 
and  the  copper  sulphate  recovered  in  the  usual 
way. 

This  method  has  the  following  advantages:- 
(a)  Maintenance  costs  are  lower  because  the 
reacting  medium  is  alkaline. 
(b)  The  reaction  is  exothermic,  and  is  therefore 
self-sustaining,  energy  wise. 
(c)  The  process  is  selective,  as  only  those  met- 
als  soluble  in  ammonia  are  attached. 
(d)  The  reaction  rate  is  quite  fast  and  rates  of 
0.1-0.2t/hr/m3  of  reactor  volume  are  common. 

but  also  has  the  following  disadvantages:- 
(a)  Capital  costs  for  machinery  are  reasonable, 
but  the  cost  of  the  organic  stripper  can  be  as 
high  as  $20,000.  m3  of  reactor  volume. 
(b)  Losses  of  organic  stripper  can  usually  be 
reckoned  to  be  in  the  order  of  $10  to  50  per 
tonne  of  copper  sulphate  product. 
(c)  The  organic  stripper  is  prone  to  what  is 
known  as  "crudding  up"  due  to  impurities,  lead- 
ing  to  even  higher  losses. 
(d)  Ammonia  recovery  systems  are  required  to 
recover  expensive  ammonia  from  the  effluent 
gas  and  solid  residues. 

Generally  all  except  very  large  producers  have 
remained  with  the  "lesser  of  the  two  evils"  and 
have  used  the  acid  route. 

Various  organic  strippers  have  also  been  devel- 
oped  for  stripping  copper  ions  out  of  acid  copper 
sulphate  solution,  but  these  also  suffer  from  the 
problem  of  reagent  loss  and  "crudding"  referred  to 
above. 

It  is  an  object  of  this  invention  to  provide  an 
improved  process  for  producing  copper  com- 
pounds. 

The  invention  provides,  a  method  of  producing 
copper  compounds  comprising  contacting  metallic 
copper  with  oxygen  or  an  oxygen  containing  gas 
and  an  aqueous  solution  consisting  essentially  of  a 
soluble  ammonium  salt  and  ammonia,  said  salt 
being  present  in  said  solution  in  a  concentration  up 
to  the  solubility  limit  thereof,  said  ammonia  being 
present  in  an  amount  such  that  initially  said  solu- 
tion  is  alkaline 

whereby  as  a  result  of  said  contact,  said  metal- 
lic  copper  dissolves  to  form  a  copper  ammine  and 
the  concentration  of  said  copper  ammine  in  solu- 

tion  increases  until  the  saturation  concentration  of 
said  copper  ammine  in  solution  is  reached, 

whereafter  said  copper  ammine  continuously 
breaks  down  to  form  a  water  insoluble  tribasic  salt 

5  and  water  soluble  decomposition  products, 
said  water  soluble  decomposition  products  be- 

ing  available  for  further  reaction  with  said  metallic 
copper  and  said  oxygen  or  oxygen  containing  gas 
to  thereby  continuously  form  further  copper  am- 

io  mine  to  maintain  the  concentration  of  said  copper 
ammine  in  solution  substantially  at  said  saturation 
concentration  until  said  solution  becomes  exhaust- 
ed  of  the  anion  of  said  soluble  ammonium  salt. 

The  invention  also  provides  apparatus  for  car- 
15  rying  out  a  method  of  producing  copper  com- 

pounds,  including 
a  cylindrical  reaction  tank  fitted  with  a  circular 

screen  such  that  copper  metal  is  confined  to  the 
area  between  the  screen  and  the  tank  walls,  and 

20  having  a  bladed  agitator  located  inside  the  screen 
driven  at  a  minimum  tip  speed  of  500 
metres/minute,  and  also  providing  for  the  introduc- 
tion  of  an  oxygen  containing  gas  at  or  near  the 
agitator  blades; 

25  said  tank  being  provided  with  means  of  adding 
acid  at  a  controlled  rate;  and 

said  tank  being  fitted  with  a  solids  removal 
system  such  that  the  said  water  insoluble  tribasic 
copper  salt  is  removed  from  the  reacting  solution  at 

30  a  controlled  rate. 
It  has  been  discovered  that  if  an  aqueous  solu- 

tion  of  an  ammonium  salt  of  any  of  the  common 
acids  (for  example  sulphuric,  hydrochloric  or  nitric) 
is  prepared  at  any  strength  up  to  saturation  level, 

35  and  this  solution  is  made  alkaline  with  aqueous 
ammonia,  preferably  to  a  pH  of  7.0  to  8.0,  and  this 
solution  is  then  allowed  to  react  with  copper  metal 
in  the  presence  of  oxygen,  then  an  aqueous  me- 
dium  is  produced,  which  is  capable  of  rapid  con- 

40  version  of  copper  metal,  in  the  presence  of  oxygen, 
into  the  insoluble  tribasic  salt,  under  certain  mini- 
mum  conditions  of  agitation  and  aeration,  until  all 
the  acid  ions  contained  in  the  original  aqueous 
solution  are  exhausted. 

45  Furthermore,  if  the  acid  ions  removed  from  the 
original  solution,  by  formation  of  the  insoluble 
tribasic  salt,  are  replaced  by  addition  of  the  rel- 
evant  acid  to  the  aqueous  medium  at  an  equivalent 
rate,  after  the  formation  of  the  tribasic  salt  has 

50  begun  to  occur,  and  if  the  resultant  solid  tribasic 
salt  is  removed  from  the  aqueous  medium  by,  for 
example,  filtration,  then  a  continuous  cyclic  reac- 
tion  occurs  where  copper  ammine  is  continuously 
formed  from  the  copper  metal,  and  is  continuously 

55  decomposed  to  the  tribasic  salt,  at  a  rapid  rate. 
The  nett  effect  is  a  continuous  process  for 

conversion  of  copper  metal  into  solid  3Cu(OH)- 
2.CUSO4  (Brochantite)  in  the  case  of  ammonium 

3 
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sulphate,  3Cu(OH)2.CuCl2  (Atacamite  or  copper 
oxychloride)  in  the  case  of  ammonium  chloride,  or 
3Cu(OH)2.Cu(N03)2  in  the  case  of  ammonium  ni- 
trate. 

These  tribasic  salts  can  easily  be  converted 
into  the  relevant  acid  salt  by  addition  of  a 
stoichiometric  quantity  of  the  relevant  acid,  accord- 
ing  to  the  equation 

3Cu(OH)2  CuX2  +  6HX-4CuX2  +  6H20  (5) 
or  3Cu(OH)2CuY  +  3H2Y  -  4CuY  +  6H20  (6) 

in  the  case  of  a  dibasic  acid. 
This  process  can  be  controlled,  if  necessary,  to 

produce  direct  crystalline  salts,  by  use  of  the  acid 
in  concentrated  form. 

Equally,  the  tribasic  salt  can  easily  be  con- 
verted  to  copper  hydroxide  by  addition  of  a 
stoichiometric  quantity  of  an  alkali  such  as  sodium 
hydroxide,  according  to  the  equation 

3Cu(OH)2  Cu  X2  +  2NaOH  -  4Cu(OH)2  + 
2NaX  (7) 
and  3Cu(OH)2  Cu  Y2  +  2NaOH  -  4Cu(OH)2  + 
2NaY  (8) 

the  insoluble  hydroxide  can  be  recovered  by  filtra- 
tion  and  washing. 

However,  it  should  be  noted  that  the  tribasic 
salts  themselves,  particularly  the  sulphate  and 
chloride,  find  direct  application  as  fungicides.  The 
invention  thus  also  provides  a  direct  method  for  the 
manufacture  of  such  tribasic  salts. 

The  reaction  mechanism  appears  to  involve 
initial  formation  of  copper  ammine,  according  to  the 
equation 

Cu  +  i02  +  4NrV  -  Cu(NH3)+++  +  H20  + 
2H+  (9) 

This  reaction  proceeds  until  the  copper  content  of 
the  solution  approaches  28g/l.  At  this  point  the 
ammine  decomposes  according  to  the  equation 

4Cu(NH3)+++  +  8X"  +  6H20  -  3Cu(OH)2.CuX2  + 
10NH3  +  6NrV  +  6X-  (10) 

in  the  case  of  a  monobasic  acid  salt, 

or  4Cu(NH3)+++  +  4Y=  +  6H20  -  3Cu(OH)2.CuY 
+  IONH3  +  6NrV  +  6Y"  (11) 

in  the  case  of  a  dibasic  acid  salt. 
This  results  in  the  formation  of  the  tribasic  salt, 

accompanied  by  the  release  of  all  of  the  contained 
ammonia  and  most  of  the  contained  acid  anions, 
which  are  then  available  for  the  formation  of  further 
copper  ammine. 

Thus  the  reaction  continues  to  produce  tribasic 
copper  salt,  while  maintaining  the  copper  ammine 
level  in  the  reaction  liquor  at  the  saturation  con- 
centration. 

5  The  reaction  can  plainly  be  seen  to  only  con- 
tinue  whilst  sufficient  acid  anions  are  available  for 
formation  of  the  tribasic  salt,  because  only  75%  of 
the  anion  is  released. 

10  Brief  Description  of  the  Drawings 

Fig.  1  is  a  section  through  one  reactor  capable 
of  carrying  out  the  process  in  accordance  with 
the  invention; 

15  Fig.  2  is  a  graph  showing  results  of  Example  1; 
Fig.  3  is  a  graph  showing  results  of  Examples 
2,3  and  4; 
Fig.  4  is  a  graph  showing  results  of  Examples  5 
and  6; 

20  Fig.  5  is  a  graph  showing  the  results  of  Example 
8;  and 
Fig.  6  is  a  section  through  another  reactor  ca- 
pable  of  carrying  out  the  process  in  accordance 
with  the  invention. 

25  The  process  of  the  present  invention  involves 
the  exposure  of  copper  metal  to  the  reacting  solu- 
tion  in  the  presence  of  oxygen  or  an  oxygen  con- 
taining  gas,  and  depends  on  a  reaction  between 
these  components  at  the  copper  surface. 

30  Such  reactions  are  usually  conducted  by  either 
pumping  the  reacting  solution  through  a  vessel 
containing  the  copper  metal,  into  which  oxygen  or 
air  is  blown,  or  by  agitating  the  reaction  solution  in 
a  vessel  in  which  the  copper  metal  is  placed,  whilst 

35  blowing  oxygen  or  air  into  the  solution. 
Because  the  reaction  of  this  invention  involves 

the  formation  of  solids  in  suspension  in  the  reacting 
solution,  resulting  in  changes  in  solution  viscosity 
and  density,  the  latter  method  is  preferred,  to  avoid 

40  such  problems  as  tower  blockage,  channelling  and 
the  like. 

A  preferred  reactor  to  carry  out  the  process  of 
the  present  invention  has  been  designed.  A  labora- 
tory  model  constructed  to  the  design  is  shown  in 

45  Fig.  1.  The  reactor  10  has  a  circular  body  12 
(preferably  formed  from  a  13cm  length  of  10cm 
diameter  PVC  pipe)  with  a  solid  base  14  (prefer- 
ably  also  of  PVC)  and  a  screw  top  lip  16  preferably 
also  of  PVC.  The  internal  volume  was  one  litre,  and 

50  is  fitted  with  a  circular  screen  36. 
Agitation  of  the  contents  (liquid  level  shown  at 

18)  is  effected  by  an  agitator  20  (preferably  bladed, 
preferably  of  2cm  diameter  and  being  preferably  a 
polythene  turbo  agitator  located  axially)  driven  by  a 

55  motor  (not  shown),  preferably  a  12v  DC  motor 
capable  of  being  located  beneath  the  reactor  10. 

A  preferred  speed  for  the  agitator  20  is  up  to 
9,000  rpm. 

4 
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Air  entry  ports  22,24,  preferably  formed  from 
polythene,  are  located  close  to  agitator  20  and 
preferably  diametrically  opposite  one  another,  to- 
wards  the  base  14  of  the  reactor  10.  The  points 
22,24  are  serviced  by,  preferably,  a  constant  speed 
positive  displacement  air  pump  (not  shown)  located 
outside  reactor  10.  Other  air  supply  means  may  be 
used.  For  example,  air  could  be  introduced  through 
the  agitator  shaft  38. 

A  thermometer  26  and  pH  probe  28  external 
through  lid  16  so  that  they  are  immersed  in  the 
liquid  30.  An  air  vent  32  is  also  located  in  lid  16. 

In  a  preferred  use,  copper  scrap  (for  example 
copper  wire)  34  is  placed  between  screen  36  and 
walls  12,  to  a  depth  of  2cm,  and  the  reactor 
charged  with  400ml  of  reaction  solution.  Air  was 
supplied  at  the  rate  of  1  litre/minute  from  a  positive 
displacement  air  pump  (not  shown)  and  introduced 
into  the  solution  at  a  point  adjacent  to  the  agitator 
blades. 

In  all  experiments  using  the  reactor  10  to  carry 
out  the  process  of  this  invention,  a  standard  ammo- 
nium  salt  concentration  of  150  g/l  was  used,  as 
experience  had  shown  that  this  was  the  optimum 
concentration  for  ease  of  handling,  and  also  ap- 
peared  to  give  best  performance. 

A  standard  initial  liquor  temperature  of  15  °C 
was  used,  as  this  is  the  average  temperature  likely 
to  be  encountered  in  practical  operations. 

All  pH  adjustments  were  carried  out  using  25% 
W/W  commercial  aqueous  ammonia. 

Several  trials  were  conducted  with  the  reactor 
of  Fig.  1,  and  are  described  in  the  form  of  Exam- 
ples  1  to  6  inclusive. 

Example  1 

100  grams  of  copper  wire  and  400ml  of  150  g/l 
ammonium  sulphate  solution,  which  had  been  ad- 
justed  to  pH  7.3  with  aqueous  ammonia,  were 
added  to  the  reactor,  and  the  agitator  was  operated 
at  9000  rpm.  The  pH,  temperature  and  copper 
content  of  the  liquor  were  monitored  over  a  3  hour 
period.  The  results  are  shown  in  Fig.  2. 

The  pH  initially  fell  to  6.5,  stabilised  and  then 
gradually  increased.  The  minimum  pH  period  cor- 
responded  to  the  period  of  initial  solid  formation  in 
the  liquor,  at  a  copper  content  of  28  g/l.  Thereafter 
solid  formation  continued  at  a  rapid  rate,  such  that 
the  total  copper  content  of  the  reaction  liquor  rose 
at  a  constant  rate  of  100  gram/litre/hour,  whilst  the 
soluble  copper  content  of  the  liquor  remained  at 
around  28  g/l. 

This  continued  until  the  copper  content  of  the 
liquor  reached  270  g/l,  when  the  reaction  ceased. 

The  solid  precipitate  formed  in  the  liquor,  re- 
presenting  the  insoluble  copper  content,  was  recov- 
ered  by  filtration,  washing  and  drying. 

Example  No.  2 

This  was  identical  to  Example  No.  1,  except 
that  an  initial  pH  of  8.0  was  used.  The  results  are 

5  shown  in  Fig.  3,  line  A. 

Example  No.  3 

This  was  identical  to  Example  No.  1,  except 
io  that  an  initial  pH  of  8.0  was  used.  The  results  are 

shown  in  Fig.  3,  line  B. 

Example  No.  4 

is  This  was  identical  to  Example  No.  1,  except 
that  an  agitator  speed  of  6000  rpm  was  used.  The 
results  are  shown  in  Fig.  3,  line  C. 

Example  No.  5 
20 

This  was  identical  to  Example  No.  1,  except 
that  ammonium  chloride  was  used  in  place  of  am- 
monium  sulphate.  The  results  appear  in  Fig.  4,  line 
A.  The  solid  precipitate  formed  was  identified  as 

25  3.Cu(OH)2.CuCI2. 

Example  No.  6 

This  was  identical  to  Example  No.  1,  except 
30  that  ammonium  nitrate  was  used.  The  results  ap- 

pear  in  Fig.  4,  line  B.  The  solid  precipitate  formed 
was  identified  as  3Cu(OH)2.Cu(N03)2. 

The  previously  described  reactor  of  Fig.  1  was 
upgraded  to  pilot  plant  scale  by  constructing  the 

35  reactor  of  Fig.  6. 
In  Fig.  6,  the  reactor  100  is  formed  from  a 

generally  circular  tank  102,  preferably  formed  from 
stainless  steel.  Preferred  dimensions  are  1.5m  di- 
ameter  and  1.5m  in  depth.  Tank  102  has  a  top 

40  portion  104,  with  an  exhaust  vent  106  therein. 
An  agitator  114  has  a  shaft  112  driven  by  a 

drive  108,  preferably  an  electric  motor.  The  shaft 
112  is  located  within  a  tube  116  into  which  air  from 
a  blower  or  the  like  is  introduced  via  an  inlet  110. 

45  Air  exits  from  the  base  of  tube  116  as  indicated  by 
the  arrows  near  the  base  of  tank  102. 

The  preferred-dimension  tank  has  a  capacity  of 
15001,  and  the  agitator  design  may  be  scaled  up 
from  the  Fig.  1  arrangement  to  suit  that  capacity. 

50  Preferably,  the  agitator  speed  is  adjusted  so  that 
the  tip  speed  is  identical  with  the  reactor  of  Fig.  1, 
used  in  Examples  1  to  5. 

A  generally  cylindrical  screen  118  is  located  in 
tank  102,  and  copper  scrap  122  (in  the  form  of 

55  copper  wire  or  the  like)  is  located  in  reaction  liquor 
120  between  screen  118  and  tank  walls  102. 

Two  trials  were  carried  out  using  the  reactor  of 
Fig.  6,  and  are  described  hereinafter  as  Examples 

5 
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7  and  8. 

Example  No.  7 

The  reactor  was  charged  with  3/4  tonne  of 
copper  scrap  in  the  form  of  wire,  bales  and  cut 
piping,  which  was  confined  between  the  tank  walls 
and  a  circular  screen,  1500  litres  of  150  g/l  ammo- 
nium  sulphate  was  introduced  into  the  reactor,  and 
the  liquor  pH  was  adjusted  to  7.3  using  aqueous 
ammonia.  The  reactor  was  operated  for  3  hours 
and  the  pH,  temperature  and  copper  content  of  the 
liquor  were  monitored.  The  results  were  identical  to 
those  shown  in  Fig.  2. 

Example  No.  8 

Example  No.  7  was  repeated,  but  after  the  pH 
had  risen  to  7.3  (80  minutes  elapsed  time)  the  pH 
was  monitored  to  7.3  ±  0.1  by  addition  of  con- 
centrated  sulphuric  acid,  run  in  from  a  head  tank 
through  a  control  valve.  The  example  was  operated 
for  a  total  of  4  hours  and  the  results  appear  in  Fig. 
5. 

The  final  copper  liquor  was  a  very  thick  slurry 
which  became  difficult  to  agitate.  The  final  copper 
content  was  480  g/l,  of  which  only  28g/l  was 
present  as  soluble  copper.  A  reaction  rate  of  153 
g/l  copper/hour  was  achieved,  after  pH  adjustment 
was  introduced.  The  solid  precipitate  formed  was 
identified  as 

3Cu(OH)2.CuSO+ 

It  should  be  noted  that  the  present  invention 
could  be  considered  as  a  fuel  cell,  that  is,  a  pro- 
cess  or  device  which  produces  energy  from  the 
interaction  of  certain  substances. 

Claims 

1.  A  method  of  producing  copper  compounds 
comprising 

contacting  metallic  copper  with  oxygen  or 
an  oxygen  containing  gas  and  an  aqueous 
solution  consisting  essentially  of  a  soluble  am- 
monium  salt  and  ammonia,  said  salt  being 
present  in  said  solution  in  a  concentration  up 
to  the  solubility  limit  thereof,  said  ammonia 
being  present  in  an  amount  such  that  initially 
said  solution  is  alkaline 

whereby  as  a  result  of  said  contact,  said 
metallic  copper  dissolves  to  form  a  copper 
ammine  and  the  concentration  of  said  copper 
ammine  in  solution  increases  until  the  satura- 
tion  concentration  of  said  copper  ammine  in 
solution  is  reached, 

whereafter  said  copper  ammine  continu- 

ously  breaks  down  to  form  a  water  insoluble 
tribasic  salt  and  water  soluble  decomposition 
products, 

said  water  soluble  decomposition  products 
5  being  available  for  further  reaction  with  said 

metallic  copper  and  said  oxygen  or  oxygen 
containing  gas  to  thereby  continuously  form 
further  copper  ammine  to  maintain  the  con- 
centration  of  said  copper  ammine  in  solution 

io  substantially  at  said  saturation  concentration 
until  said  solution  becomes  exhausted  of  the 
anion  of  said  soluble  ammonia  salt. 

2.  A  method  according  to  claim  1,  wherein  am- 
is  monia  is  present  in  said  solution  and  said 

solution  initially  has  a  ph  of  8.0  or  less. 

3.  A  method  according  to  claim  1  or  claim  2, 
further  including  the  step  of  separating  said 

20  tribasic  salt  from  said  solution. 

4.  A  method  according  to  claim  3  wherein  said 
tribasic  salt  is  separated  from  said  solution  by 
filtration  and  is  washed  and  dried. 

25 
5.  A  method  according  to  claim  3  or  claim  4, 

wherein 
(a)  said  anion  is  continuously  replaced  in 
said  solution  as  it  is  removed  by  the  forma- 

30  tion  of  said  tribasic  salt,  by  the  addition  of 
an  acid  containing  said  onion  at  an  equiv- 
alent  rate  accompanied  by; 
(b)  removal  of  said  tribasic  salt  from  said 
solution  at  a  rate  sufficient  to  maintain  an 

35  acceptable  level  of  solids  in  the  reaction 
medium,  thereby  causing  the  continuous 
production  of  said  tribasic  salt. 

6.  A  method  according  to  claim  4  or  claim  5, 
40  wherein 

(a)  said  solution  is  contained  in  a  cylindrical 
reaction  tank  fitted  with  a  cylindrical  screen 
such  that  copper  metal  is  confined  to  the 
area  between  the  screen  and  the  tank  walls, 

45  and  having  a  bladed  agitator  located  inside 
the  screen  driven  at  a  minimum  tip  speed  of 
500  metres/minute,  with  provision  for  the 
introduction  of  oxygen  or  oxygen-containing 
gas  at  or  near  the  agitator  blades; 

50  (b)  said  tank  is  provided  with  a  means  of 
adding  said  acid  at  a  controlled  rate  and 
(c)  said  tank  is  fitted  with  a  solids  removal 
system  such  that  said  tribasic  salt  is  re- 
moved  from  said  solution  at  a  controlled 

55  rate. 

7.  A  method  according  to  any  one  of  the  preced- 
ing  claims  wherein  said  ammonium  salt  is  se- 

6 
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lected  from  ammonium  sulphate,  ammonium 
chloride  or  ammonium  nitrate. 

Patentanspruche 

1.  Verfahren  zur  Herstellung  von  Kupferverbin- 
dungen,  das  umfaBt 
das  Inkontaktbringen  von  metallischem  Kupfer 
mit  Sauerstoff  oder  einem  Sauerstoff  enthalten- 
den  Gas  und  einer  waBrigen  Losung,  die  im 
wesentlichen  besteht  aus  einem  loslichen  Am- 
moniumsalz  und  Ammoniak,  wobei  das  Salz  in 
der  genannten  Losung  in  einer  Konzentration 
bis  zu  seiner  Loslichkeitsgrenze  vorhanden  ist 
und  der  Ammoniak  in  einer  solchen  Menge 
vorhanden  ist,  dal3  die  genannte  Losung  von 
Anfang  an  alkalisch  ist, 
wobei  sich  als  Ergebnis  des  genannten  Kon- 
takts  das  genannte  metallische  Kupfer  auflost 
unter  Bildung  eines  Kupferammins,  wobei  die 
Konzentration  des  genannten  Kupferammins  in 
der  Losung  ansteigt,  bis  die  Sattigungskonzen- 
tration  des  genannten  Kupferammins  in  der 
Losung  erreicht  ist, 
wonach  das  genannte  Kupferammin  kontinuier- 
lich  zerfallt  unter  Bildung  eines  in  Wasser  un- 
loslichen  tribasischen  Salzes  und  wasserlosli- 
cher  Zersetzungsprodukte, 
wobei  die  genannten  wasserloslichen  Zerset- 
zungsprodukte  fur  eine  weitere  Umsetzung  mit 
dem  genannten  metallischen  Kupfer  und  dem 
genannten  Sauerstoff  oder  Sauerstoff  enthal- 
tenden  Gas  zur  Verfugung  stehen,  wodurch 
kontinuierlich  weiteres  Kupferammin  gebildet 
wird,  urn  die  Konzentration  an  dem  genannten 
Kupferammin  in  der  Losung  im  wesentlichen 
bei  der  genannten  Sattigungskonzentrtion  zu 
halten,  bis  die  genannte  Losung  an  dem  Anion 
des  genannten  loslischen  Ammoniumsalzes  er- 
schopft  ist. 

2.  Verfahren  nach  Anspruch  1,  wobei  Ammoniak 
in  der  genannten  Losung  vorhanden  ist  und 
die  genannte  Losung  von  Anfang  an  einen  pH- 
Wert  von  8,0  oder  weniger  hat. 

3.  Verfahren  nach  Anspruch  1  oder  2,  das  auBer- 
dem  die  Stufe  der  Abtrennung  des  genannten 
tribasischen  Salzes  von  der  genannten  Losung 
umfaBt. 

4.  Verfahren  nach  Anspruch  3,  wobei  das  ge- 
nannte  tribasische  Salz  von  der  genannten  Lo- 
sung  durch  Filtrieren  abgetrennt  und  gewa- 
schen  und  getrocknet  wird. 

5.  Verfahren  nach  Anspruch  3  oder  4,  wobei 

a)  das  genannte  Anion  in  der  genannten 
Losung  kontinuierlich  ersetzt  wird,  wenn  es 
durch  die  Bildung  des  genannten  tribasi- 
schen  Salzes  entfernt  wird,  durch  Zugabe 

5  einer  Saure,  die  das  genannte  Anion  ent- 
halt,  in  einer  aquivalenten  Rate; 
b)  das  genannte  tribasische  Salz  mit  einer 
Geschwindigkeit  aus  der  genannten  Losung 
entfernt  wird,  die  ausreicht,  urn  einen  ak- 

io  zeptablen  Gehalt  an  Feststoffen  in  dem  Re- 
aktionsmedium  aufrechtzuerhalten,  so  dal3 
das  genannte  tribasische  Salz  kontinuierlich 
gebildet  wird. 

is  6.  Verfahren  nach  Anspruch  4  oder  5,  wobei 
a)  die  genannte  Losung  in  einem  zylindri- 
schen  Reaktionsbehalter  enthalten  ist,  der 
mit  einem  zylindrischen  Sieb  ausgestattet 
ist,  so  dal3  das  Kupfermetall  auf  den  Bereich 

20  zwischen  dem  Sieb  und  den  Behalterwan- 
den  begrenzt  ist  und  der  einen  im  Innern 
des  Siebs  angeordneten  Schaufelruhrer  auf- 
weist,  der  mit  einer  Minimum-Spitzenge- 
schwindigkeit  von  500  m/min  angetrieben 

25  wird  und  der  eine  Einrichtung  aufweist  fur 
die  Einfuhrung  von  Sauerstoff  oder  Sauer- 
stoff  enthaltendem  Gas  an  oder  in  der  Nahe 
der  Ruhrschaufeln; 
b)  der  genannte  Behalter  mit  Einrichtungen 

30  fur  die  Zugabe  der  genannten  Saure  mit 
einer  kontrollierten  Geschwindigkeit  ausge- 
stattet  ist  und 
c)  der  genannte  Behalter  mit  einem  solchen 
System  zur  Entfernung  von  Feststoffen  aus- 

35  gestattet  ist,  dal3  das  genannte  tribasische 
Salz  mit  einer  kontrollierten  Geschwindigkeit 
aus  der  genannten  Losung  entfernt  wird. 

7.  Verfahren  nach  einem  der  vorhergehenden  An- 
40  spruche,  bei  dem  das  genannte  Ammoniums- 

alz  ausgewahlt  wird  aus  Ammoniumsulfat,  Am- 
moniumchlorid  oder  Ammoniumnitrat. 

Revendicatlons 
45 

1.  Procede  de  production  de  composes  du  cui- 
vre,  qui  consiste  : 

a  mettre  en  contact  du  cuivre  metallique 
avec  de  I'oxygene  ou  un  gaz  oxygene  et  une 

50  solution  aqueuse  constitute  essentiellement 
d'un  sel  d'ammonium  soluble  et  d'ammoniac, 
ce  sel  etant  present  dans  la  solution  a  une 
concentration  allant  jusqu'a  sa  limite  de  solubi- 
lite,  I'ammoniac  etant  present  en  une  quantite 

55  telle  que  la  solution  soit  initialement  alcaline, 
ou,  en  consequence  de  ce  contact,  le  cui- 

vre  metallique  se  dissout  pour  former  une  cui- 
vre-ammine,  et  la  concentration  de  la  cuivre- 

7 



13 EP  0  500  533  B1 14 

ammine  en  solution  augmente  jusqu'a  ce  que 
soit  atteinte  la  concentration  a  la  saturation  de 
la  cuivre-ammine  dans  la  solution, 

puis  la  cuivre-ammine  se  dissocie  d'une 
maniere  continue  pour  former  un  sel  tribasique  5 
insoluble  dans  I'eau  et  des  produits  de  decom- 
position  solubles  dans  I'eau, 

les  produits  de  decomposition  solubles 
dans  I'eau  etant  disponibles  pour  une  reaction 
plus  poussee  avec  le  cuivre  metallique  et  10 
I'oxygene  ou  le  gaz  oxygene,  de  fagon  a  for- 
mer  d'une  maniere  continue  une  nouvelle 
quantite  de  cuivre-ammine  dans  le  but  de 
maintenir  la  concentration  de  la  cuivre-ammine 
en  solution  essentiellement  au  niveau  de  la  is 
concentration  a  la  saturation  jusqu'a  ce  que  la 
solution  soit  epuisee  de  I'anion  du  sel  d'ammo- 
nium  soluble. 

(b)  le  reacteur  est  muni  de  moyens  permet- 
tant  d'introduire  I'acide  a  un  debit  regule,  et 
(c)  le  reacteur  est  muni  d'un  systeme  d'ex- 
traction  des  matieres  solides,  de  fagon  que 
le  sel  tribasique  soit  extrait  de  la  solution  a 
un  debit  regule. 

7.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  le  sel  d'am- 
monium  est  choisi  parmi  le  sulfate  d'ammo- 
nium,  le  chlorure  d'ammonium  ou  le  nitrate 
d'ammonium. 

2.  Procede  selon  la  revendication  1,  dans  lequel  20 
I'ammoniac  est  present  dans  la  solution,  et  le 
pH  initial  de  la  solution  est  de  8,0  ou  moins. 

3.  Procede  selon  la  revendication  1  ou  la  revendi- 
cation  2,  qui  comprend  en  outre  I'etape  consis-  25 
tant  a  separer  de  la  solution  le  sel  tribasique. 

4.  Procede  selon  la  revendication  3,  dans  lequel 
le  sel  tribasique  est  separe  de  la  solution  par 
filtration,  et  est  lave  et  seche.  30 

5.  Procede  selon  la  revendication  3  ou  la  revendi- 
cation  4,  dans  lequel  : 

(a)  I'anion  est  remplace  en  continu  dans  la 
solution  au  fur  et  a  mesure  qu'il  en  est  35 
retire  par  la  formation  du  sel  tribasique, 
grace  a  I'addition  d'un  acide  contenant 
I'anion  selon  un  debit  equivalent,  cette  ope- 
ration  etant  accompagnee 
(b)  de  I'extraction  du  sel  tribasique  de  la  40 
solution,  a  un  debit  suffisant  pour  maintenir 
dans  le  milieu  reactionnel  une  teneur  accep- 
table  en  extrait  sec,  ce  qui  provoque  la 
production  continue  du  sel  tribasique. 

45 
6.  Procede  selon  la  revendication  4  ou  la  revendi- 

cation  5,  dans  lequel  : 
(a)  la  solution  est  contenue  dans  un  reac- 
teur  cylindrique  muni  d'un  tamis  cylindrique 
de  fagon  que  le  cuivre  metallique  soit  confi-  so 
ne  dans  la  zone  situee  entre  le  tamis  et  les 
parois  du  reacteur,  et  comportant  un  agita- 
teur  a  ailettes  situe  a  I'interieur  du  tamis, 
entraTne  a  une  vitesse  peripherique  minima- 
le  de  500  metres/minute,  avec  des  moyens  55 
pour  introduire  I'oxygene  ou  le  gaz  oxygene 
au  voisinage  ou  au  niveau  des  pales  de 
I'agitateur  ; 

8 
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