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Description 

FIELD  OF  THE  INVENTION 

The  invention  relates  to  a  process  for  the  isola- 
tion  and  purification  of  free  acids  from  their  salts  by 
electrodialysis,  which  involves  the  use  of 

i)  an  electrolytic  cell  of  four  compartments,  in 
which  the  two  compartments  adjacent  to  both 
electrodes  are  separated  from  the  central  com- 
partments  by  means  of  cationic  membranes  and 
the  central  compartments  are  separated  from 
one  another  by  means  of  an  anionic  membrane; 
or,  alternatively, 
ii)  a  module  formed  by  an  array  of  cells  of  4 
compartments  separated  from  one  another  by 
alternating  anionic  membranes  and  cationic 
membranes. 

PRIOR  ART 

The  use  of  electrodialysis  for  isolating  and  pu- 
rifying  free  organic  acids  from  their  water-soluble 
salts  has  previously  been  described  in  the  patent 
literature.  Thus,  for  example,  US  Patent  US-A- 
2,921,005  describes  the  electrolytic  conversion  of 
salts  of  weak  acids  into  said  weak  acids  by  using 
an  electrolytic  cell  of  3  compartments,  the  central 
compartment  of  which  is  fed  with  a  solution  of  the 
salt  of  the  acid  it  is  desired  to  purify.  Both  the 
cathodic  and  anodic  compartments  are  separated 
from  the  central  compartment  by  means  of  cationic 
membranes.  When  a  potential  difference  is  applied 
between  the  electrodes,  both  the  protons  of  the 
anolyte  solution  and  the  cations  of  the  solution  of 
the  central  compartment  migrate  towards  the  cath- 
ode,  while  the  anions  remain  in  their  compart- 
ments,  since  they  cannot  pass  through  the  cationic 
membranes.  In  theory,  a  solution  of  the  free  acid  in 
the  central  compartment  is  formed.  However,  in 
practice,  this  is  extremely  difficult  to  achieve,  due 
to  the  difference  in  transport  numbers  of  the  pro- 
tons  and  cations  of  the  salt  of  the  acid,  which  has 
the  effect  that  at  all  times  a  solution  of  the  free  acid 
contaminated  with  the  corresponding  salt  is  present 
in  the  central  compartment. 

To  get  around  this  problem,  US  Patent  US-A- 
3,964,985  proposes  the  use  of  a  cell  of  4  compart- 
ments  separated  from  one  another  by  three 
cationic  membranes.  In  this  case,  the  solution  con- 
taining  the  salt  of  the  acid  is  fed  by  the  two  central 
compartments  which  recirculate  it  from  the  one 
nearest  to  the  cathode  to  the  one  nearest  to  the 
anode.  In  this  manner,  it  is  possible  to  return  a 
portion  of  the  protons  to  the  central  compartment 
nearest  to  the  anode,  giving  a  solution  of  the  free 
acid  with  a  lower  salt  content.  Despite  being  an 
improvement  over  the  former,  this  process  still  has 

the  disadvantage  of  being  more  complicated  and 
cumbersome  than  the  one  proposed  in  this  inven- 
tion. 

German  Patent  DE-C-3,405,522  proposes  the 
5  use  of  an  electrolytic  cell  composed  of  3  compart- 

ments  separated  by  two  cationic  membranes.  The 
membranes  used  in  this  patent  are  perfluorinated 
olefin  polymers  which  contain  sulpho  or  carboxyl 
groups  and  styrene  copolymers  containing  sulpho 

io  groups,  while  the  procedure  is  very  similar  to  that 
of  US  Patent  US-A-3,964,985. 
According  to  this  prior  art,  an  anionic  membrane 
for  separating  the  central  compartments  of  an  elec- 
trodialysis  cell  of  4  compartments  was  not  used,  so 

75  as  to  avoid  the  salt  of  the  acid  to  be  purified  and 
the  free  acid  being  present  in  the  same  compart- 
ment,  as  a  result  of  which  the  free  acid  obtained  is 
not  contaminated  with  the  salt. 

US-E-28  203  discloses  the  preparation  of  citric 
20  acid  by  electrodialysis  wherein  disodium  mon- 

ohydrogen  citrate  is  dissolved  in  water  to  a  con- 
centration  of  20%  and  then  introduced  in  an  elec- 
trodialysis  cell  consisting  of  four  chambers.  The 
chambers  of  the  cell  are  formed  by  successive 

25  arrangement  of  a  stainless  steel  cathode,  a  perm 
selective  cation  exchange  membrane  and  anion 
exchange  membrane,  the  cation  exchange  mem- 
brane  and  a  graphite  anode.  However,  there  is  no 
disclosure  in  this  document  to  indicate  that  amino 

30  carboxylic  acids  and  more  particularly  im- 
inodiacetic  acid  could  be  prepared  by  elec- 
trodialysis  in  the  cell  of  the  present  invention. 

Accordingly,  the  present  invention  relates  to  a 
process  for  the  isolation  and  purification  of  im- 

35  inodiacetic  acid  from  its  water-soluble  salts  by 
electrodialysis  by  means  of  a  cell  of  4  compart- 
ments,  whose  two  compartments  adjacent  to  the 
two  electrodes  are  separated  from  the  central  com- 
partments  by  means  of  cationic  membranes  and 

40  whose  central  compartments  are  separated  from 
one  another  by  means  of  an  anionic  membrane, 
such  as  shown  in  Figure  1.  In  this  manner,  from  the 
beginning  of  electrolysis,  the  free  acid  form  and  the 
salt  from  which  it  originates  are  prevented  from 

45  being  present  in  the  same  compartment.  This  pro- 
cedure  is  suitable  for  products  of  very  high  added 
value  or  small  batches.  For  large  batches,  it  is 
more  appropriate  to  use  a  process  whose  scheme 
is  shown  in  Figure  2  and  which  is  also  provided  by 

50  this  invention. 
Consequently,  this  patent  application  also  ap- 

plies  to  a  process  for  the  isolation  and  purification 
of  iminodiacetic  acid  from  its  water-soluble  salts  by 
electrodialysis  which  involves  the  use  of  a  module 

55  formed  by  an  assembly  of  cells  of  4  compartments 
like  the  one  shown  in  Figure  2. 

In  a  preferred  embodiment  of  the  process  of 
the  invention,  iminodiacetic  acid  (IDA)  is  isolated 

2 
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and  purified,  from  its  sodium  salt.  IDA  is  an  essen- 
tial  intermediate  in  the  synthesis  of  glyphosate, 
which  is  a  broad-spectrum  herbicide.  Various  meth- 
ods  for  the  synthesis  of  IDA  have  been  claimed,  for 
example,  Spanish  Patent  8,900,025,  US  Patent  US- 
A-3,1  53,688,  US  Patent  US-A-3,81  2,434,  Japanese 
Patent  71/40,611  and  Japanese  Patent  78/77,009. 
The  main  problem  with  these  processes  does  not 
lie  in  the  synthesis  itself,  since  yields  of  greater 
than  90%  are  obtained,  but  arises  when  an  attempt 
is  made  to  isolate  and  purify  the  IDA,  from  its 
sodium  salt  or  another  form,  such  as  is  usually 
obtained  at  the  end  of  synthesis  thereof. 

BRIEF  DESCRIPTION  OF  THE  FIGURES 

Figure  1  shows  a  particular  embodiment  of  the 
process  of  the  invention  applied  to  the  isolation  and 
purification  of  IDA,  from  its  disodium  salt,  using  a 
cell  of  4  compartments. 

Figure  2  shows  a  particular  embodiment  of  the 
process  of  the  invention  applied  to  the  isolation  and 
purification  of  IDA,  from  its  disodium  salt,  using  a 
module  formed  by  an  array  of  cells  of  4  compart- 
ments. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  invention  relates  to  a  process  for  the  isola- 
tion  and  purification  of  iminodiacetic  acid,  starting 
from  its  salts,  by  electrodialysis  by  using 

i)  an  electrolytic  cell  of  four  compartments,  in 
which  the  two  compartments  adjacent  to  the  two 
electrodes  are  separated  from  the  central  com- 
partments  by  means  of  cationic  membranes  and 
the  central  compartments  are  separated  from 
one  another  by  means  of  an  anionic  membrane; 
or,  alternatively, 
ii)  a  module  formed  by  a  array  of  cells  of  4 
compartments  separated  from  one  another  by 
alternating  anionic  membranes  and  cationic 
membranes. 

It  is  to  be  understood  that  in  the  present  de- 
scription  the  term  "anionic  membrane"  is  used  to 
indicate  those  membranes  which  have  selective 
permeability  and  which  allow  the  passage  of  anions 
but  not  of  cations.  Analogously,  "cationic  mem- 
brane"  is  used  to  indicate  membranes  which  allow 
cations  but  not  anions  to  pass  through. 

In  a  first  embodiment,  the  process  for  the  isola- 
tion  and  purification  of  iminodiacetic  acid  of  the 
invention  can  be  carried  out  in  an  electrolytic  cell 
of  4  compartments,  such  as  the  one  shown  in 
Figure  1.  This  process  generally  comprises  the 
following  steps: 

a)  using  an  electrodialysis  cell  of  4  compart- 
ments,  whose  two  compartments  adjacent  to  the 
electrodes  are  separated  from  the  central  com- 

partments  by  means  of  cationic  membranes, 
while  the  two  central  compartments  are  sepa- 
rated  from  one  another  by  an  anionic  mem- 
brane; 

5  b)  circulating: 
-  a  solution  capable  of  generating  protons  in 

the  compartment  next  to  the  anode; 
-  a  solution  of  a  hydroxide  in  the  compart- 

ment  next  to  the  cathode; 
io  -  a  solution  of  a  water-soluble  salt  of  im- 

inodiacetic  acid  to  be  isolated  and  purified 
in  the  central  compartment  next  to  the 
cathode;  and 

-  water  or  an  aqueous  solution  of  the  acid  to 
is  be  purified  in  the  central  compartment 

next  to  the  anode; 
c)  applying  a  direct  electric  current  between  the 
electrodes  so  as  to  effect  the  migration  of  the 
different  ions  present  in  the  electrolytic  cell;  and 

20  d)  removing  the  aqueous  solution  of  the  pure 
and  isolated  iminodiacetic  acid. 

In  general,  the  electrolytic  cell  of  the  present 
invention  has  4  compartments  (A,  B,  C  and  D). 
Compartment  A  (or  anodic  compartment)  and  com- 

25  partment  D  (or  cathodic  compartment)  are  sepa- 
rated  from  the  central  compartments  (B,  C)  by 
means  of  cationic  membranes.  On  the  other  hand, 
the  central  compartments  (B,  C)  are  separated 
from  one  another  by  an  anionic  membrane. 

30  The  consequences  of  placing  an  anionic  mem- 
brane  between  the  central  compartments  will  be 
detailed  below  in  the  description  of  what  happens 
in  the  course  of  the  migration  of  the  ions  present  in 
the  electrolytic  cell  when  the  electric  current  is 

35  applied. 
The  cationic  and  anionic  membranes  used  in 

this  process  can  be  any  of  those  usually  commer- 
cially  available.  Thus,  suitable  cationic  membranes 
are  Nation,  Neosepta,  Ionics,  Selemion  and  anionic 

40  membranes  are  Neosepta,  Ionics,  Selemion,  Tos- 
flex,  and  the  like. 

The  anodes  which  can  be  used  are  oxides  of 
noble  metals  on  a  metal  (DSAS),  platinum  or  lead 
oxide.  The  cathodes  which  can  be  used  are  any 

45  metals,  preferably  stainless  steel. 
As  mentioned  above,  a  solution  capable  of 

generating  protons  is  recirculated  in  the  compart- 
ment  nearest  to  the  anode  (A).  In  general,  it  is 
preferable  to  use,  as  proton-generating  solution,  a 

50  solution  of  an  inorganic  acid,  preferably  sulphuric 
acid  at  a  concentration  of  between  1  %  and  1  5%  by 
weight. 

An  aqueous  solution  of  a  hydroxide  is  cir- 
culated  in  the  compartment  (D)  nearest  to  the  cath- 

55  ode.  In  particular,  it  is  preferable  for  this  hydroxide 
solution  to  have  the  same  cation  as  the  salt  of  the 
acid  to  be  purified.  In  a  preferred  embodiment  of 
the  process  of  the  invention,  NaOH  is  recirculated, 

3 
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since  IDA  is  purified,  starting  from  its  disodium  salt. 
Water  or,  in  order  to  increase  the  initial  con- 

ductivity  and  thus  reduce  the  cell  voltage,  a  dilute 
aqueous  solution  of  the  acid  to  be  purified  can  be 
passed  through  the  central  compartment  (B)  near- 
est  to  the  anode. 

The  aqueous  solution  of  the  salt  of  the  acid 
which  it  is  desired  to  isolate  and  purify  is  fed  into 
the  central  compartment  (C)  nearest  to  the  cath- 
ode.  The  concentration  of  the  salt  of  the  acid  to  be 
purified  depends  on  its  solubility  at  the  operating 
temperature.  In  general,  the  starting  salt  of  the  acid 
to  be  isolated  and  purified  is  a  water-soluble  salt  of 
alkali  metal  or  alkaline  earth  metal. 

Upon  applying  a  potential  difference  between 
the  electrodes  of  the  cell,  the  protons  originating 
from  compartment  A  migrate  to  B,  while  the  anions 
of  the  salt  of  the  acid  to  be  purified  migrate  from 
compartment  C  to  B.  In  compartment  B,  the 
charges  are  neutralised,  thus  forming,  from  the 
very  beginning,  a  solution  of  the  free  acid.  The 
protons  are  retained  in  compartment  B  and  cannot 
migrate  to  compartment  C,  since  they  face  an  ionic 
barrier,  the  anionic  membrane,  through  which  they 
cannot  permeate.  The  cations  from  compartment  C 
travel  to  D,  where  they  react  with  the  hydroxide 
ions  generated  as  a  result  of  the  electrolytic  reduc- 
tion  of  water.  At  the  same  time,  H2  is  generated  at 
the  cathode,  which  can  be  discharged  into  the 
atmosphere  or  collected,  if  desired,  for  later  use. 
When  H2SO4  is  used  as  anolyte,  O2  is  generated 
at  the  anode,  which  can  be  discharged  into  the 
atmosphere  or  collected,  if  desired,  for  later  use. 
On  the  other  hand,  the  hydroxide  of  the  cation 
corresponding  to  the  salt  of  the  acid  to  be  purified 
is  generated  in  compartment  D,  which  originates 
from  compartment  C,  so  that  this  hydroxide  can  be 
reused  in  the  step  in  which  the  acid  to  be  purified 
is  synthesized. 

Finally,  the  residue  from  compartment  (B)  goes 
to  a  unit  for  recovering  the  free  iminodiacetic  acid 
either  by  crystallisation  or  precipitation. 

This  process  can  be  carried  out  batchwise  or 
continuously.  Thus,  the  electrodialysis  can  be  car- 
ried  out  until  the  free  acid  concentrations  in  com- 
partment  B  and  the  hydroxide  concentrations  in  D 
reach  the  desired  value,  this  then  being  followed 
by  discharging  some  of  the  material  in  order  to 
remove  a  certain  amount  of  solution  so  as  to  keep 
the  volumes  and  concentrations  of  the  solutions  of 
compartments  B  and  D  constant.  Fresh  solution  of 
the  salt  of  the  acid  to  be  purified  is  being  fed  into 
compartment  C  as  it  is  consumed.  In  this  manner, 
a  continuous  process  is  obtained. 

The  current  density  suitable  for  carrying  out 
this  process  can  vary  between  10  and  5,000  A/m2, 
preferably  between  500  and  2,000  A/m2. 

The  electrodialysis  temperature  can  be  be- 
tween  ambient  temperature  and  60  0  C.  It  is  prefer- 
able  to  work  at  a  temperature  of  between  40  °C 
and  50  °C,  since  this  enables  the  heat  generated 

5  by  the  Joule  effect  to  be  used  for  heating  the 
solutions,  thus  reducing  the  heating/cooling  cost. 

This  process  makes  it  possible  to  isolate  and 
purify  iminodiacetic  acid,  starting  from  its  corre- 
sponding  soluble  salts.  Thus,  for  example,  the  pro- 

10  cess  is  suitable  for  isolating  and  purifying  IDA  with 
a  degree  of  purity  of  99.5%,  a  yield  close  to  100% 
and  a  current  efficiency  of  between  80%  and  95%. 

In  what  follows,  a  preferred  embodiment  of  this 
process  will  be  described,  which  applies  to  the 

15  isolation  and  purification  of  IDA  and  is  based  on 
Figure  1  . 

As  can  be  seen  in  Figure  1  ,  the  electrolytic  cell 
consists  of  4  compartments.  The  central  compart- 
ments  B  and  C  are  separated  by  an  anionic  mem- 

20  brane  (1).  Compartments  A  (anodic  compartment) 
and  D  (cathodic  compartment)  are  separated  from 
central  compartments  B  and  C  by  means  of 
cationic  membranes  (2,  3).  Different  solutions  origi- 
nating  from  the  corresponding  tanks  are  circulated 

25  in  each  compartment  by  means  of  pumps  (not 
shown).  A  solution  of  a  mineral  acid,  preferably 
sulphuric  acid,  of  a  concentration  of  between  1  and 
15%  by  weight  is  passed  through  compartment  A. 
Initially,  water  is  passed  through  compartment  B  or, 

30  in  order  to  increase  the  initial  conductivity  and  thus 
reduce  the  cell's  potential,  a  solution  of  IDA  in 
water  can  be  passed  through  compartment  B.  The 
aqueous  solution  of  the  salt  of  IDA,  in  this  particular 
case  its  disodium  salt  (IDANa2)  is  fed  into  compart- 

35  ment  C,  and  a  solution  of  the  hydroxide  of  the 
same  cation  as  that  of  the  salt  in  water  (in  this 
particular  case  NaOH)  is  fed  into  compartment  D. 
When  a  potential  difference  is  applied  between  the 
electrodes,  the  protons  originating  from  compart- 

40  ment  A  migrate  to  B,  while  the  IDA=  - 
(iminodiacetate)  anions  migrate  from  compartment 
C  to  B.  The  charges  are  neutralised  in  compart- 
ment  B,  resulting  right  from  the  beginning  in  a 
solution  of  the  free  acid  (IDA).  The  protons  cannot 

45  migrate  to  compartment  C,  since  they  face  the 
anionic  membrane  through  which  they  cannot  per- 
meate.  The  cations  from  compartment  C  migrate  to 
D,  where  they  react  with  the  hydroxide  ions  gen- 
erated  as  a  result  of  the  electrolytic  reduction  of 

50  water  at  the  cathode.  In  compartment  D,  the  hy- 
droxide  of  the  cation  corresponding  to  the  salt  of 
the  acid  which  originates  from  the  reaction  medium 
in  which  the  IDA  has  been  synthesised  is  further- 
more  generated,  and  it  is  therefore  possible  to 

55  reuse  this  hydroxide  in  the  step  in  which  IDA  is 
synthesised. 

In  compartment  B,  free  IDA  is  obtained,  which 
is  passed  to  a  unit  for  recovering  IDA  either  by 

4 



7 EP  0  438  369  B1 8 

crystallisation  or  by  precipitation. 
The  concentration  of  the  solution  of  the  salt  of 

iminodiacetic  acid  which  feeds  compartment  C,  de- 
pends  on  its  solubility  at  the  operating  temperature 
and  is  in  general  between  5  and  40%  by  weight. 
The  abovementioned  anodes,  cathodes  and  mem- 
branes  as  well  as  the  operating  conditions  (current 
density,  temperature,  batchwise  or  continuous  op- 
eration)  are  suitable  for  carrying  out  this  particular 
embodiment  of  the  process  of  the  invention. 

The  advantages  of  the  process  of  the  present 
invention  over  other  similar  known  processes  are 
obvious,  since  from  the  very  beginning  free  acid  is 
obtained  without  the  simultaneous  presence  of  its 
salt  at  any  time  in  the  same  compartment,  which 
leads  to  higher  purity  of  the  acid  obtained. 

However,  as  mentioned  above,  this  process  is 
suitable  for  products  of  very  high  added  value  or 
small  batches.  For  large  batches,  the  investment  to 
be  made  is  higher,  which  is  why  it  is  more  appro- 
priate  to  carry  out  the  process  described  below, 
whose  scheme  is  shown  in  Figure  2  and  which  is 
also  provided  by  this  patent  application. 

This  process  for  the  isolation  and  purification  of 
free  iminodiacetic  acid,  starting  from  its  salts,  by 
electrodialysis,  is  carried  out  using  a  module 
formed  by  an  array  of  cells  of  four  compartments, 
which  are  assembled  by  stacking  alternating  an- 
ionic  membranes  and  cationic  membranes  accord- 
ing  to  an  arrangement  shown  in  said  Figure  2.  This 
process  comprises  the  steps  of: 

a)  using  a  compartmented  electrodialysis  cell  by 
means  of  stacking,  between  two  electrodes  (an- 
ode  and  cathode),  an  array  of  alternating  anionic 
membranes  and  cationic  membranes; 
b)  circulating  (see  Figure  2): 

-  a  proton-generating  solution  in  compart- 
ment  (A'); 

-  water  or  a  dilute  aqueous  solution  of  the 
free  iminodiacetic  acid  to  be  isolated  and 
purified  in  (B'); 

-  an  aqueous  solution  of  a  soluble  salt  of 
said  iminodiacetic  acid  to  be  isolated  in 
(C);  and 

-  an  aqueous  solution  of  a  salt  in  (D'); 
c)  applying  a  direct  electric  current  between  the 
electrodes,  as  a  result  of  which,  after  migration 
of  the  cations  and  anions,  the  desired  free  im- 
inodiacetic  acid  is  formed  in  compartment  (B') 
and  the  salt  corresponding  to  the  iminodiacetic 
acid  from  compartment  (A')  is  formed  in  com- 
partment  (D');  and 
d)  removing  the  aqueous  solution  of  the  purified 
and  isolated  free  acid  obtained  in  compartment 
(B')  for  its  recovery. 

Both  the  anolyte  and  the  catolyte  (not  shown  in 
Figure  2)  are  composed  of  an  aqueous  solution  of 
a  salt  of  the  same  composition  in  both  cases.  This 

salt  preferably  comprises  the  anion  of  the  acid 
which  is  circulated  in  compartment  (A')  and  the 
cation  of  the  salt  of  the  free  iminodiacetic  acid  to 
be  isolated,  which  is  circulated  in  compartment 

5  (C).  The  compartments  adjacent  to  the  anode  and 
the  cathode,  in  which  the  anolyte  and  catolyte, 
respectively,  (not  shown)  are  circulated  are  com- 
posed  of  the  corresponding  electrode  and  a  anionic 
membrane  in  both  cases. 

io  The  anionic  and  cationic  membranes  can  be 
any  of  those  mentioned  above.  The  anode  and 
cathode  which  can  be  used  are  any  of  those  men- 
tioned  above  in  connection  with  the  process  de- 
scribed  above.  In  addition,  graphite  can  also  be 

is  used  as  the  cathode. 
A  proton-generating  solution  is  recirculated  in 

compartment  (A'),  this  solution  generally  being  an 
aqueous  solution  of  a  mineral  acid,  preferably  sul- 
phuric  acid,  of  a  concentration  of  between  0.5% 

20  and  20%  by  weight.  Other  inorganic  acids  (HCI, 
HNO3)  can  also  be  used. 

Water  or  a  dilute  aqueous  solution  of  the  im- 
inodiacetic  acid  to  be  isolated  and  purified  can  be 
circulated  in  compartment  (B'). 

25  The  aqueous  solution  of  the  soluble  salt  of  the 
acid  to  be  isolated  and  purified  is  circulated  in 
compartment  (C).  The  concentration  of  this  salt 
depends  on  its  solubility  at  the  operating  tempera- 
ture.  In  general,  the  starting  salt  of  the  acid  to  be 

30  isolated  and  purified  is  a  salt  of  an  alkali  metal, 
although  it  can  also  be  a  water-soluble  salt  of  an 
alkaline  earth  metal. 

An  aqueous  solution  of  a  salt,  in  general  com- 
posed  of  the  same  anion  as  that  of  the  acid  which 

35  is  circulated  in  compartment  (A)  and  by  the  same 
cation  as  that  of  the  salt  of  the  acid  to  be  isolated 
and  purified,  is  circulated  in  compartment  (D').  Ac- 
cordingly,  in  a  preferred  embodiment  of  the  inven- 
tion,  the  acid  which  is  circulated  in  (A)  is  sulphuric 

40  acid,  the  salt  of  the  acid  to  be  isolated  is  the 
sodium  or  disodium  salt  and  therefore  the  salt 
which  is  circulated  in  (D')  is  sodium  sulphate. 

The  current  density  can  be  between  100  and 
1  ,000  A/m2,  preferably  between  200  and  500  A/m2. 

45  This  process  for  the  isolation  and  purification  can 
be  carried  out  at  a  temperature  of  between  15  °C 
and  60  0  C,  preferably  between  30  0  C  and  50  0  C. 

When  applying  a  potential  difference  between 
the  electrodes  of  the  cell,  the  protons  originating 

50  from  compartment  A  migrate  to  B',  while.the  an- 
ions  of  the  salt  of  the  acid  to  be  purified  migrate 
from  compartment  C  to  B'.  The  charges  are 
neutralised  in  compartment  B',  forming  from  the 
very  beginning  a  solution  of  the  free  acid.  The 

55  protons  are  retained  in  compartment  B'  and  cannot 
migrate  to  compartment  C,  since  they  face  an 
ionic  barrier,  the  anionic  membrane,  through  which 
they  cannot  permeate.  The  cations  from  compart- 

5 
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ment  C  travel  to  D',  where  they  react  with  the 
anions  from  the  other  adjacent  module,  resulting  in 
the  formation  of  the  corresponding  salt.  On  the 
other  hand,  the  salt  of  the  acid  which  is  circulated 
in  A'  with  the  cation  corresponding  to  the  salt  of  the 
acid  to  be  purified  is  generated  in  compartment  D', 
so  that  this  salt  can  be  reused  in  successive  elec- 
trodialysis  cycles  or  can  be  removed  if  it  is  a 
product  of  interest.  In  a  preferred  embodiment,  the 
salt  obtained  is  sodium  sulphate,  a  product  of  com- 
mercial  interest. 

Finally,  the  residue  from  compartment  B'  can 
go  to  a  unit  for  recovering  the  free  iminodiacetic 
acid  either  by  crystallisation  or  by  precipitation,  or 
by  another  conventional  technique. 

This  process  can  be  carried  out  batchwise  or 
continuously.  Thus,  electrodialysis  can  be  carried 
out  until  the  concentrations  of  the  free  im- 
inodiacetic  acid  in  compartment  B'  and  of  the  salt 
in  D'  reach  the  desired  value,  followed  by  discharg- 
ing  some  of  the  material  in  order  to  remove  a 
certain  amount  of  solution  to  keep  the  volumes  and 
concentrations  of  the  solutions  of  compartments  B' 
and  D'  constant.  Fresh  solution  of  the  salt  of  the 
iminodiacetic  acid  to  be  purified  is  fed  into  com- 
partment  C  as  it  is  consumed.  In  this  manner,  a 
continuous  process  is  maintained. 

This  process  makes  it  possible  to  purify  the 
abovementioned  acid,  starting  from  its  correspond- 
ing  salts,  with  a  degree  of  purity  of  99.5%,  a  yield 
close  to  100%  and  a  current  efficiency  of  between 
80%  and  95%. 

A  particular  embodiment  of  this  process  for 
isolating  and  purifying  acids  is  described  below, 
applied  to  the  disodium  salt  of  iminodiacetic  acid, 
so  as  to  obtain  isolated  and  pure  IDA.  In  what 
follows,  this  particular  embodiment  will  be  de- 
scribed  by  referring  to  the  scheme  shown  in  Figure 
2. 

As  can  be  seen  in  said  Figure  2,  a  series  of 
alternating  anionic  membranes  (1)  and  cationic 
membranes  (2)  are  arranged  between  2  electrodes 
in  such  a  manner  that  4  compartments  (A',  B',  C 
and  D')  are  delimited.  A  solution  of  concentrated 
H2SO4  is  then  fed  into  compartment  (A'),  a  dilute 
aqueous  solution  of  IDA  into  (B'),  an  aqueous  solu- 
tion  of  the  disodium  salt  of  IDA  (IDANa2)  into  (C) 
and  a  dilute  Na2S04  solution  into  (D').  Both  the 
anolyte  and  catolyte  are  composed  of  an  aqueous 
solution  of  the  same  composition,  namely  of 
Na2S04.  When  a  potential  difference  is  applied  to 
the  electrodes,  the  anions  (IDA2-,  SO42-)  migrate 
towards  the  anode  through  the  anionic  membranes 
and  the  cations  (Na+,  H+)  migrate  to  the  cathode 
through  the  cationic  membranes  in  such  a  manner 
that,  due  to  the  arrangement  of  the  membranes  in 
compartment  (B'),  the  IDA2-  ions  from  compart- 
ment  (C)  react  with  the  H+  from  compartment  (A'), 

forming  IDA  of  high  purity.  Likewise,  by  a  similar 
process,  Na2S04  of  high  purity  is  formed  in  com- 
partment  (D').  This  process  makes  it  possible  to 
obtain  IDA  with  a  purity  of  greater  than  99%  and  a 

5  current  efficiency  of  between  80  and  90%,  when 
working  at  a  current  density  of  between  100  and 
500  A/m2  and  at  a  temperature  between  15  °C  and 
60  °C.  Typical  operating  concentrations,  it  not  be- 
ing  possible  to  consider  the  remaining  ones  as 

70  excluded,  are  (0.5-20)%  by  weight  for  H2SO+,  (5- 
55)  g/l  for  IDA,  (10-25)%  by  weight  for  the  dis- 
odium  salt  of  IDA  and  (5-25)%  for  Na2SO+.  This 
isolation  and  purification  process  has  the  enormous 
advantage  of  achieving  100%  recovery  of  the  syn- 

75  thesised  iminodiacetic  acid  in  a  purity  of  greater 
than  99%  and  a  low  consumption  of  energy,  which 
is  typically  between  0.6  and  1.5  kWh/kg,  addition- 
ally  producing  an  industrially  useful  by-product, 
Na2SO+. 

20  This  process  produces  the  free  acid  without  its 
salt  being  simultaneously  present  at  any  time  in  the 
same  compartment,  which  leads  to  greater  purity  of 
the  acid  obtained. 

25  EXAMPLES 

Example  1 

A  cell  of  4  compartments  like  that  described  in 
30  Figure  1  having  an  effective  electrode  surface  area 

of  20  cm2  is  used.  Iridium  oxide  on  titanium  is  used 
as  the  anode  and  stainless  steel  as  the  cathode. 
The  electrodes  and  the  three  membranes  are  sepa- 
rated  from  one  another  by  means  of  plastic  frames. 

35  The  spacing  between  the  electrodes  is  5  cm.  The 
cationic  membrane  next  to  the  anode  is  Nation 
324.  The  central  anionic  membrane  is  Selemion 
AMV,  and  the  cationic  membrane  next  to  the  cath- 
ode  is  Nation  901.  An  aqueous  5%  by  weight 

40  sulphuric  acid  solution  is  circulated  in  compartment 
A.  In  compartment  B,  300  cm3  of  water.  In  com- 
partment  C,  300  cm3  (334  g)  of  a  20%  by  weight 
aqueous  solution  of  the  disodium  salt  of  im- 
inodiacetic  acid  (0.377  mol)  and  in  D,  300  cm3  of 

45  5%  by  weight  NaOH.  By  means  of  a  direct-current 
source,  a  current  of  1  ampere  intensity  (current 
density  500  A/m2)  is  passed  across  the  electrodes 
for  14  hours.  The  temperature  is  maintained  at 
30  °C.  At  the  end  of  said  time,  340  cm3  of  an 

50  aqueous  solution  of  free  IDA,  which  is  already 
beginning  to  crystallise,  are  obtained  in  compart- 
ment  B.  Concentration  by  evaporation  and  precipi- 
tation  with  acetone  gives,  after  drying,  34  g  of  IDA 
having  a  purity  of  99.5%  (current  efficiency  98%). 

55  183  cm3  of  a  solution  containing  21.5  g  of  the 
disodium  salt  of  IDA  remain  in  compartment  C.  The 
mass  balance  is  100%.  320  cm3  of  a  10.5%  by 
weight  NaOH  solution  are  obtained  in  compartment 

6 
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D. 
The  average  cell  voltage  was  1  1  .5  volts,  which 

corresponds  to  an  energy  consumption  of  4.8 
kWh/kg. 

Example  2 

The  procedure  of  Example  1  is  repeated,  but  at 
a  current  density  of  1,000  A/m2.  The  average  cell 
voltage  was  29  volts.  The  electrodialysis  time  was 
4  hours  24  minutes,  and  the  current  efficiency 
95%.  99.2%  pure  iminodiacetic  acid  was  obtained. 
The  specific  energy  consumption  was  14  kWh/kg. 

Example  3 

The  procedure  of  Example  1  is  repeated,  but  at 
a  current  density  of  1  ,500  A/m2,  at  a  temperature  of 
50  °  C  and  at  a  concentration  of  the  disodium  salt  in 
compartment  C  of  25%.  The  electrodialysis  time 
was  4  hours  55  minutes.  The  average  cell  voltage 
was  24.8  volts,  and  98.8%  pure  IDA  was  obtained 
with  a  current  efficiency  of  95%.  The  specific  en- 
ergy  consumption  was  10.4  kWh/kg. 

Example  4 

The  procedure  of  the  previous  example  was 
repeated,  but  at  a  current  density  of  2,000  A/m2 
and  at  a  temperature  of  59  °C.  The  electrodialysis 
time  was  5  hours  49  minutes.  The  average  cell 
voltage  was  30  volts.  The  current  efficiency  was 
93%  and  99%  pure  IDA  was  obtained.  The  specific 
energy  consumption  was  13  kWh/kg. 

Example  5 

The  procedure  of  the  previous  example  was 
repeated,  except  that  the  spacing  between  the 
electrodes  was  modified,  which  in  this  example 
was  1.2  cm.  The  average  cell  voltage  was  15  volts. 
The  purity  of  the  IDA  obtained  was  99.5%.  The 
current  efficiency  was  98%  and  the  specific  energy 
consumption  6.31  kWh/kg. 

Example  6 

An  electrodialysis  module  composed  of  12 
cells  of  4  compartments,  as  shown  in  Figure  2,  was 
used.  The  anode  consisted  of  Pt/Ti  and  the  cath- 
ode  of  stainless  steel.  The  spacing  between  the 
membranes  was  0.8  mm.  The  anionic  membranes 
were  of  the  Neosepta  AM  1  type  and  the  cationic 
membranes  of  the  Neosepta  CM  1  type.  The  active 
surface  area  of  each  membrane  was  0.05  m2,  such 
that  the  effective  total  surface  area  was  0.6  m2  and 
the  total  membrane  surface  2.4  m2.  Initially,  the 
following  aqueous  solutions  originating  from  5  40- 

litre  tanks  were  circulated  through  the  elec- 
trodialysis  module  by  means  of  5  magnetic  dis- 
placement  pumps. 

a)  a  5%  sodium  sulphate  solution  in  the  anodic 
5  and  cathodic  compartments  (not  shown  in  the 

figure); 
b)  a  1%  sulphuric  acid  solution  in  compartment 
A; 
c)  a  25  g/l  iminoacetic  acid  solution  in  compart- 

io  ment  B'; 
d)  a  10%  solution  of  disodium  salt  of  im- 
inodiacetic  acid  in  compartment  C;  and 
e)  a  3.5%  sodium  sulphate  solution  in  compart- 
ment  D'. 

is  The  water  used  was  deionised  water.  Subse- 
quently  and  after  adjusting  the  temperature  of  all 
solutions  to  39  °C,  a  direct  current  of  12.5  amperes 
was  applied  to  the  two  electrodes,  so  that  the 
current  density  was  250  A/m2. 

20  From  this  moment  on,  the  operating  mode  was 
as  follows: 

I)  96%  H2SO4  and  deionised  water  was  added 
at  regular  intervals  to  compartment  A  to  keep  its 
concentration  constant  at  around  1%.  The  addi- 

25  tion  was  regulated  in  such  a  manner  that  the  pH 
of  the  solution  was  always  between  0.8  and  1  ; 
II)  the  IDA  concentration  in  compartment  B'  was 
allowed  to  reach  45  g/l.  At  this  moment,  88%  of 
the  volume  present  was  removed  and  conveyed 

30  to  a  crystalliser,  where  the  IDA  was  subsequent- 
ly  crystallised  at  5°C.  After  filtration,  the  filtrate 
was  returned  to  the  tank  corresponding  to  com- 
partment  B',  so  that  the  IDA  concentration  was 
again  of  the  order  of  25-28  g/l,  and  the  operation 

35  described  was  repeated  when  its  concentration 
again  reached  45  g/l.  The  filtered  IDA  product 
was  dried  at  80  °C,  ground  and  bottled. 

A  portion  of  the  solution  (0.9  l/h  m2)  was 
removed  in  order  to  evaporate  off  the  water  and 

40  compensate  for  the  increase  in  volume  pro- 
duced  by  electroosmosis; 
III)  disodium  salt  of  IDA  and  water  were  added 
to  compartment  C  at  regular  intervals  in  order  to 
keep  its  concentration  constant  at  around  10%. 

45  The  addition  of  Na2  IDA  and  water  was  con- 
trolled  by  monitoring  the  density  of  the  solution 
as  a  function  of  time; 
IV)  when  the  Na2SO+  concentration  in  compart- 
ment  D'  had  reached  15%,  80%  of  its  volume 

50  was  removed  and  a  sufficient  amount  of  water 
was  added  to  reduce  the  Na2SO+  concentration 
to  a  value  of  between  3.5%  and  6%. 

Following  the  described  procedure,  the  elec- 
trodialyser  was  kept  running  for  1  ,000  hours,  at  the 

55  end  of  which  336.8  kg  of  IDA  were  obtained;  thus, 
the  current  efficiency  was  90.5%  and  the  recovery 
(material  yield)  99.9%.  The  productivity  was  0.561 
kg/h  m2.  The  average  voltage  was  kept  constant  at 
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around  17.5  volts,  so  that  the  specific  energy  con- 
sumption  was  0.65  kWh/kg.  The  H2SO4  consump- 
tion  was  0.93  kg/kg  of  IDA. 

The  purity  of  IDA  was  analysed  by  HPLC, 
taking  28  samples  spread  over  the  entire  course  of 
the  operation.  Statistical  analysis  of  the  results  ob- 
tained  indicated  that  the  purity  of  the  final  product 
was  (99.2  ±  0.14)%  for  a  confidence  interval  of 
95%. 

Example  7 

The  procedure  in  this  case  was  as  indicated  in 
Example  6,  but  at  a  current  density  of  500  A/m2. 
The  operation  was  maintained  for  120  hours.  78.6 
kg  of  IDA  were  produced.  The  current  efficiency 
was  88%  and  the  recovery  99.9%.  The  productivity 
was  1.09  kg/h  m2.  The  average  voltage  was  kept 
constant  at  around  40  volts.  The  specific  energy 
consumption  was  0.77  kWh/kg  of  IDA.  The  purity  of 
the  product  obtained  was  99.5%. 

Example  8 

The  procedure  was  as  indicated  in  Example  6 
but  the  temperature  was  30  0  C.  The  operating  time 
was  120  hours.  The  productivity  and  current  effi- 
ciency  as  well  as  the  purity  of  the  product  obtained 
were  the  same  as  those  obtained  in  Example  6. 
The  average  voltage  was  19  volts  and  the  specific 
energy  consumption  0.71  kWh/kg. 

Claims 

1.  Process  for  the  isolation  and  purification  of  free 
iminodiacetic  acid,  starting  from  its  salts,  by 
electrodialysis,  characterised  in  that  it  com- 
prises: 

a)  using  an  electrodialysis  cell  of  four  com- 
partments,  whose  two  compartments  (A,  D) 
next  to  the  electrodes  are  separated  from 
the  two  central  compartments  (B,  C)  by 
means  of  cationic  membranes,  while  said 
central  compartments  (B,  C)  are  separated 
from  one  another  by  an  anionic  membrane; 
b)  circulating: 

-  a  solution  capable  of  generating  pro- 
tons  in  compartment  (A)  next  to  the 
anode; 

-  an  aqueous  hydroxide  solution  in 
compartment  (D)  next  to  the  cathode; 

-  a  solution  of  a  water-soluble  salt  of  the 
iminodiacetic  acid  to  be  isolated  in  the 
central  compartment  (C)  next  to  the 
cathode;  and 

-  water  or  a  dilute  aqueous  solution  of 
the  iminodiacetic  acid  to  be  isolated  in 
the  central  compartment  (B)  next  to 

the  anode; 
c)  applying  a  direct  electric  current  to  the 
electrodes,  as  a  result  of  which  the  cor- 
responding  free  iminodiacetic  acid  is 

5  formed  in  compartment  B  without  the  si- 
multaneous  presence  of  its  salt  in  the  same 
compartment;  and 
d)  removing  the  aqueous  solution  of  the 
purified  and  isolated  free  iminodiacetic  acid 

10  for  subsequent  isolation. 

2.  Process  according  to  Claim  1  ,  characterised  in 
that  it  is  carried  out  at  a  current  density  of 
between  10  and  5,000  A/m2,  preferably  be- 

15  tween  500  and  2,000  A/m2. 

3.  Process  according  to  Claim  1  ,  characterised  in 
that  platinum,  lead  oxide  on  lead,  graphite, 
iridium  oxide  on  titanium  and  other  DSAS  can 

20  be  used  as  the  anode  and  any  metal,  prefer- 
ably  stainless  steel,  as  the  cathode. 

4.  Process  according  to  Claim  1  ,  characterised  in 
that  it  is  carried  out  at  a  temperature  of  be- 

25  tween  15  °C  and  60  °C,  preferably  between 
40  °  C  and  50  °  C. 

5.  Process  according  to  Claim  1  ,  characterised  in 
that  a  solution  of  a  mineral  acid,  preferably 

30  sulphuric  acid,  of  a  concentration  between  1% 
and  15%  by  weight  is  used  as  the  solution 
capable  of  generating  protons. 

6.  Process  according  to  Claim  1  ,  characterised  in 
35  that  the  hydroxide  which  is  circulated  in  com- 

partment  D  has  the  same  cation  as  the  salt  of 
the  acid  to  be  isolated. 

7.  Process  for  the  isolation  and  purification  of  free 
40  iminodiacetic  acid,  starting  from  its  water-solu- 

ble  salts,  by  electrodialysis,  characterised  in 
that  it  comprises: 

a)  using  an  electrodialysis  cell  of  four  com- 
partments  (A',  B',  C  and  D')  by  stacking, 

45  between  two  electrodes,  an  array  of  alter- 
nating  anionic  membranes  and  cationic 
membranes;  the  compartments  adjacent  to 
the  anode  and  the  cathode  being  composed 
of  the  corresponding  electrode  and  an  an- 

50  ionic  membrane 
b)  circulating: 

-  an  aqueous  solution  capable  of  gen- 
erating  protons  in  compartment  (A'); 

-  water  or  a  dilute  aqueous  solution  of 
55  the  free  iminodiacetic  acid  to  be  iso- 

lated  in  compartment  (B'); 
-  an  aqueous  solution  of  the  salt  of  the 

iminodiacetic  acid  to  be  isolated  in 

8 



15 EP  0  438  369  B1 16 

compartment  (C);  and 
-  an  aqueous  solution  of  a  salt  in  com- 

partment  (D'); 
c)  applying  a  direct  electric  current  to  the 
electrodes,  as  a  result  of  which,  after  migra-  5 
tion  of  the  cations  and  anions,  the  free 
iminodiacetic  acid  is  formed  in  compartment 
(B');  and 
d)  removing  the  aqueous  solution  of  the  free 
iminodiacetic  acid  obtained  in  compartment  10 
(B')  for  its  subsequent  recovery. 

8.  Process  according  to  Claim  7,  characterised  in 
that  it  is  carried  out  at  a  current  density  of 
between  100  and  1,000  A/m2  and  preferably  is 
between  200  and  500  A/m2. 

9.  Process  according  to  Claim  7,  characterised  in 
that  Pb02,  graphite,  platinum  and  noble  metal 
oxides  on  metal  supports  (DSAS)  can  be  used  20 
as  the  anode  and  any  metal,  preferably  stain- 
less  steel  as  well  as  graphite,  can  be  used  as 
the  cathode. 

10.  Process  according  to  Claim  7,  characterised  in  25 
that  it  is  carried  out  at  a  temperature  of  be- 
tween  15  °C  and  60  °C,  preferably  between 
30  0  C  and  50  0  C. 

11.  Process  according  to  Claim  7,  characterised  in  30 
that  the  proton-generating  solution  which  is 
circulated  in  compartment  (A')  is  sulphuric  acid 
at  a  concentration  of  between  0.5%  and  20% 
by  weight. 

35 
12.  Process  according  to  Claim  7,  characterised  in 

that  the  solutions  which  constitute  the  anolyte 
and  the  catolyte  are  identical. 

13.  Process  according  to  Claim  12,  characterised 
in  that  both  the  catolyte  and  the  anolyte  con- 
sist  of  an  aqueous  sodium  sulphate  solution. 

14.  Process  according  to  Claim  7,  characterised  in 
that  the  salt  which  is  circulated  in  compartment 
(D')  is  preferably  formed  by  the  same  anion  as 
that  of  the  acid  which  is  circulated  in  compart- 
ment  (A')  and  by  the  same  cation  as  that  of  the 
salt  of  the  iminodiacetic  acid  to  be  isolated. 

15.  Process  according  to  either  one  of  Claims  1  or 
7,  characterised  in  that  the  starting  salt  of  the 
iminodiacetic  acid  to  be  isolated  and  purified  is 
a  water-soluble  salt  of  an  alkali  metal  or  al- 
kaline  earth  metal. 

16.  Process  according  to  Claims  1  or  7,  charac- 
terised  in  that  it  can  be  carried  out  either 

batchwise  or  continuously. 

Patentanspruche 

5  1.  Verfahren  zur  Isolierung  und  Reinigung  von 
freier  Iminodiessigsaure,  ausgehend  von  ihren 
Salzen,  durch  Elektrodialyse,  dadurch  gekenn- 
zeichnet,  dal3  es  umfaBt: 

a)  Verwenden  einer  Elektrodialysezelle  mit 
io  vier  Abteilen,  wovon  die  beiden  Abteile  (A, 

D)  neben  den  Elektroden  von  den  beiden 
zentralen  Abteilen  (B,  C)  durch  Kationen- 
membranen  getrennt  sind,  wahrend  die  zen- 
tralen  Abteile  (B,  C)  durch  eine  Anionen- 

15  membran  voneinander  getrennt  sind; 
b)  Zirkulieren: 

-  einer  Losung,  die  Protonen  erzeugen 
kann,  im  Abteil  (A)  neben  der  Anode; 

-  einer  wasserigen  Hydroxid-Losung  im 
20  Abteil  (D)  neben  der  Kathode; 

-  einer  Losung  eines  wasserloslichen 
Salzes  der  zu  isolierenden  Iminodies- 
sigsaure  im  zentralen  Abteil  (C)  neben 
der  Kathode;  und 

25  -  von  Wasser  oder  einer  verdunnten 
wasserigen  Losung  der  zu  isolieren- 
den  Iminodiessigsaure  im  zentralen 
Abteil  (B)  neben  der  Anode; 

c)  Anlegen  eines  elektrischen  Gleichstroms 
30  an  die  Elektroden,  worauf  die  entsprechen- 

de  freie  Iminodiessigsaure  im  Abteil  B  ohne 
das  gleichzeitige  Vorliegen  ihres  Salzes  im 
gleichen  Abteil  gebildet  wird;  und 
d)  Entfernen  der  wasserigen  Losung  der 

35  gereinigten  und  isolierten  freien  Iminodies- 
sigsaure  zur  nachfolgenden  Isolierung. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  es  bei  einer  Stromdichte  zwi- 

40  schen  10  und  5000  A/m2,  vorzugsweise  zwi- 
schen  500  und  2000  A/m2,  durchgefuhrt  wird. 

3.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  Platin,  Bleioxid  auf  Blei,  Graphit, 

45  Iridiumoxid  auf  Titan  und  andere  DSA5  als 
Anode  und  jedes  Metall,  vorzugsweise  rostfrei- 
er  Stahl,  als  Kathode  verwendet  werden  kon- 
nen. 

50  4.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  es  bei  einer  Temperatur  zwi- 
schen  15  °C  und  60  °C,  vorzugsweise  zwi- 
schen  40  0  C  und  50  0  C,  durchgefuhrt  wird. 

55  5.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  eine  Losung  von  einer  Mineral- 
saure,  vorzugsweise  Schwefelsaure,  in  einer 
Konzentration  zwischen  1  Masse-%  und  15 
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Masse-%  als  Losung,  die  Protonen  erzeugen 
kann,  verwendet  wird. 

6.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  das  Hydroxid,  das  in  Abteil  D 
zirkuliert  wird,  das  gleiche  Kation  wie  das  Salz 
der  zu  isolierenden  Saure  aufweist. 

7.  Verfahren  zur  Isolierung  und  Reinigung  von 
freier  Iminodiessigsaure,  ausgehend  von  ihren 
wasserloslichen  Salzen,  durch  Elektrodialyse, 
dadurch  gekennzeichnet,  dal3  es  umfaBt: 

a)  Verwenden  einer  Elektrodialysezelle  mit 
vier  Abteilen  (A',  B',  C  und  D'),  indem  zwi- 
schen  zwei  Elektroden  ein  Array  abwech- 
selnder  Anionenmembranen  und  Kationen- 
membranen  gestapelt  wird,  wobei  die  der 
Anode  und  Kathode  benachbarten  Abteile 
aus  der  entsprechenden  Elektrode  und  ei- 
ner  Anionenmembran  bestehen; 
b)  Zirkulieren: 

-  einer  Losung,  die  Protonen  erzeugen 
kann,  im  Abteil  (A'); 

-  von  Wasser  oder  einer  verdunnten 
wasserigen  Losung  der  zu  isolieren- 
den,  freien  Iminodiessigsaure  im  Ab- 
teil  (B'); 

-  einer  wasserigen  Losung  des  Salzes 
der  zu  isolierenden  Iminodiessigsaure 
im  Abteil  (C);  und 

-  einer  wasserigen  Losung  eines  Salzes 
im  Abteil  (D'); 

c)  Anlegen  eines  elektrischen  Gleichstroms 
an  die  Elektroden,  worauf  nach  der  Migra- 
tion  der  Kationen  und  Anionen  die  freie  Imi- 
nodiessigsaure  im  Abteil  (B')  gebildet  wird; 
und 
d)  Entfernen  der  wasserigen  Losung  der  im 
Abteil  (B')  erhaltenen,  freien  Iminodiessig- 
saure  fur  ihre  nachfolgende  Gewinnung. 

8.  Verfahren  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  dal3  es  bei  einer  Stromdichte  zwi- 
schen  100  und  1000  A/m2,  vorzugsweise  zwi- 
schen  200  und  500  A/m2,  durchgefuhrt  wird. 

9.  Verfahren  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  dal3  Pb02,  Graphit,  Platin  und  Edel- 
metalloxide  auf  Metalltragern  (DSA5)  als  Anode 
und  jedes  Metall,  vorzugsweise  rostfreier  Stahl 
sowie  Graphit,  als  Kathode  verwendet  werden 
konnen. 

10.  Verfahren  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  dal3  es  bei  einer  Temperatur  zwi- 
schen  15  °C  und  60  °C,  vorzugsweise  zwi- 
schen  30  0  C  und  50  0  C,  durchgefuhrt  wird. 

70 

75 

35 

11.  Verfahren  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  dal3  die  Protonen  erzeugende  Saure, 
die  im  Abteil  (A')  zirkuliert  wird,  Schwefelsaure 
in  einer  Konzentration  zwischen  0,5  Masse-% 
und  20  Masse-%  ist. 

12.  Verfahren  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  dal3  die  Losungen,  die  den  Anolyten 
und  den  Katolyten  bilden,  identisch  sind. 

13.  Verfahren  nach  Anspruch  12,  dadurch  gekenn- 
zeichnet,  dal3  sowohl  der  Katolyt  als  auch  der 
Anolyt  aus  einer  wasserigen  Natriumsulfat-L6- 
sung  bestehen. 

14.  Verfahren  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  dal3  das  Salz,  das  im  Abteil  (D')  zir- 
kuliert  wird,  vorzugsweise  durch  das  gleiche 
Anion  wie  jenes  der  Saure,  die  im  Abteil  (A') 

20  zirkuliert  wird,  und  durch  das  gleiche  Kation 
wie  jenes  des  Salzes  der  zu  isolierenden  Imi- 
nodiessigsaure  gebildet  wird. 

15.  Verfahren  nach  einem  der  Anspruche  1  oder  7, 
25  dadurch  gekennzeichnet,  dal3  das  Ausgangs- 

salz  der  zu  isolierenden  und  zu  reinigenden 
Iminodiessigsaure  ein  wasserlosliches  Salz  ei- 
nes  Alkalimetalls  oder  Erdalkalimetalls  ist. 

30  16.  Verfahren  nach  Anspruch  1  oder  7,  dadurch 
gekennzeichnet,  dal3  es  entweder  chargenwei- 
se  oder  kontinuierlich  durchgefuhrt  werden 
kann. 

Revendicatlons 

1.  Procede  pour  I'isolement  et  la  purification  par 
electrodialyse  d'acide  iminodiacetique  libre  a 
partir  de  son  sel,  caracterise  en  ce  qu'il  com- 

40  prend  les  etapes  consistant  a 
a)  utiliser  une  cellule  d'electrodialyse  com- 
portant  quatre  compartiments,  dont  les  deux 
compartiments  (A,D)  proches  des  electro- 
des  sont  separes  des  deux  compartiments 

45  centraux  (B,C)  au  moyen  de  membranes 
cationiques,  tandis  que  les  deux  comparti- 
ments  centraux  (B,C)  sont  separes  I'un  de 
I'autre  par  une  membrane  anionique, 
b)  a  faire  circuler 

50  -  dans  le  compartiment  (A)  proche  de 
I'anode,  une  solution  capable  de  ge- 
nerer  des  protons, 

-  dans  le  compartiment  (D)  proche  de  la 
cathode,  une  solution  aqueuses  d'hy- 

55  droxyde, 
-  dans  le  compartiment  central  (C)  pro- 

che  de  la  cathode,  une  solution  d'un 
sel  hydrosoluble  de  I'acide  iminodia- 

10 



19 EP  0  438  369  B1 20 

cetique  a  isoler, 
-  dans  le  compartiment  central  (B)  pro- 

che  de  I'anode,  de  I'eau  ou  une  solu- 
tion  aqueuse  diluee  de  I'acide  imino- 
diacetique  a  isoler,  5 

c)  a  appliquer  aux  electrodes  un  courant 
electrique  continu,  ce  qui  entraTne  la  forma- 
tion  de  I'acide  iminodiacetique  libre  corres- 
pondant  dans  le  compartiment  B  en  I'absen- 
ce  de  son  sel  dans  le  meme  compartiment,  10 
d)  prelevement  de  la  solution  aqueuse 
contenant  I'acide  iminodiacetique  libre  puri- 
fie  et  isole  pour  une  isolation  ulterieure. 

2.  Procede  conforme  a  la  revendication  1,  carac-  is 
terise  en  ce  qu'il  est  realise  avec  une  densite 
de  courant  comprise  entre  10  et  5  000  A/m2, 
de  preference  entre  500  et  2  000  A/m2. 

3.  Procede  conforme  a  la  revendication  1,  carac- 
terise  en  ce  que  Ton  peut  utiliser  pour  I'anode 
du  platine,  de  I'oxyde  de  plomb  sur  du  plomb, 
du  graphite,  de  I'oxyde  d'iridium  sur  du  titane 
et  d'autres  DSAS  et,  pour  la  cathode,  un  metal 
quelconque  de  preference  de  I'acier  inoxyda- 
ble. 

4.  Procede  conforme  a  la  revendication  1,  carac- 
terise  en  ce  qu'il  est  realise  a  une  temperature 
comprise  entre  15  et  60  °C,  de  preference 
entre  40  et  50  °  C. 

5.  Procede  conforme  a  la  revendication  1,  carac- 
terise  en  ce  que  Ton  utilise  comme  solution 
capable  de  generer  des  protons,  une  solution 
d'un  acide  mineral,  de  preference  I'acide  sulfu- 
rique,  ayant  une  concentration  comprise  entre 
1  et  15  %  en  poids. 

-  dans  le  compartiment  (A'),  une  solu- 
tion  aqueuse  capable  de  generer  des 
protons, 

-  dans  le  compartiment  (B'),  de  I'eau  ou 
5  une  solution  aqueuse  diluee  de  I'acide 

iminodiacetique  libre  a  isoler, 
-  dans  le  compartiment  (C),  une  solu- 

tion  aqueuse  du  sel  de  I'acide  imino- 
diacetique  a  isoler,  et 

io  -  dans  le  compartiment  (D'),  une  solu- 
tion  aqueuses  d'un  sel, 

c)  a  appliquer  aux  electrodes  un  courant 
electrique  continu,  ce  qui  resulte,  apres  mi- 
gration  des  cations  et  anions,  en  la  forma- 

15  tion  de  I'acide  iminodiacetique  libre  dans  le 
compartiment  (B'),  et 
d)  a  prelever  la  solution  aqueuse  de  I'acide 
iminodiacetique  libre  obtenue  dans  le  com- 
partiment  (B')  pour  recuperer  I'acide  par  la 

20  suite. 

8.  Procede  conforme  a  la  revendication  7,  carac- 
terise  en  ce  qu'il  est  realise  avec  une  densite 
de  courant  comprise  entre  100  et  1  000  A/m2 

25  et  de  preference  entre  200  et  500  A/m2. 

9.  Procede  conforme  a  la  revendication  7,  carac- 
terise  en  ce  que  Ton  peut  utiliser,  comme 
anode,  du  Pb02,  du  graphite,  du  platine  et  des 

30  oxydes  de  metaux  nobles  sur  un  support  me- 
tallique  (DSAS)  et,  comme  cathode,  un  metal 
quelconque  de  preference  de  I'acier  inoxyda- 
ble  ainsi  que  du  graphite. 

35  10.  Procede  conforme  a  la  revendication  7,  carac- 
terise  en  ce  qu'il  est  effectue  a  une  temperatu- 
re  comprise  entre  15  °C  et  60  °C,  de  prefe- 
rence  entre  30  °  C  et  50  °  C. 

6.  Procede  conforme  a  la  revendication  1,  carac-  40 
terise  en  ce  que  I'hydroxyde  que  Ton  fait  cir- 
culer  dans  le  compartiment  D  a  un  cation 
identique  a  celui  du  sel  de  I'acide  a  isoler. 

7.  Procede  pour  I'isolement  et  la  purification  par  45 
electrodialyse  de  I'acide  iminodiacetique  libre 
a  partir  de  son  sel  hydrosoluble,  caracterise  en 
ce  qu'il  comprend  les  etapes  consistant  a 

a)  utiliser  une  cellule  d'electrodialyse  com- 
portant  4  compartiments  (A',  B',C  et  D')  50 
resultant  de  I'alignement,  entre  deux  elec- 
trodes,  d'une  serie  de  membranes  alternati- 
vement  anioniques  et  cationiques,  les  com- 
partiments  voisins  de  I'anode  et  de  la  catho- 
de  etant  composes  de  I'electrode  corres-  55 
pondante  et  d'une  membrane  anionique, 
b)  a  faire  circuler 

11.  Procede  conforme  a  la  revendication  7,  carac- 
terise  en  ce  que  la  solution  generant  des  pro- 
tons  que  Ton  fait  circuler  dans  le  compartiment 
(A')  est  une  solution  d'acide  sulfurique  ayant 
une  concentration  comprise  entre  0,5  et  20  % 
en  poids. 

12.  Procede  conforme  a  la  revendication  7,  carac- 
terise  en  ce  que  les  solutions  qui  constituent 
I'anolyte  et  le  catholyte  sont  identiques. 

13.  Procede  conforme  a  la  revendication  12,  ca- 
racterise  en  ce  que  a  la  fois  le  catholyte  et 
I'anolyte  sont  des  solutions  aqueuses  de  sulfa- 
te  de  sodium. 

14.  Procede  conforme  a  la  revendication  7,  carac- 
terise  en  ce  que  le  sel  que  Ton  fait  circuler 
dans  le  compartiment  (D')  est  de  preference 

11 



21  EP  0  438  369  B1  22 

forme  par  le  meme  anion  que  celui  de  I'acide 
que  Ton  fait  circuler  dans  le  compartiment  (A') 
et  par  le  meme  cation  que  celui  du  sel  de 
I'acide  iminodiacetique  a  isoler. 

5 
15.  Procede  conforme  a  une  quelconque  des  re- 

vendications  1  a  7,  caracterise  en  ce  que  le 
sel  de  depart  de  I'acide  iminodiacetique  a  iso- 
ler  et  purifier  est  un  sel  hydrosoluble  d'un 
metal  alcalin  ou  d'un  metal  alcalino-terreux.  10 

16.  Procede  conforme  a  la  revendication  1  ou  7, 
caracterise  en  ce  qu'il  peut  etre  realise  par  lots 
successifs  ou  en  continu. 
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