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Description 

This  invention  relates  to  the  fixation  of  dis- 
solved  metal  species,  e.g.  radioactive  cationic 
species,  with  a  complexing  agent  immobilized  on 
a  support  such  as  a  silicate  glass  or  silica  gel  or 
charcoal  matrix. 

A  number  of  radioactive  isotopes  are  present  in 
the  cooling  operational  and  waste  water  from  the 
daily  operation  of  nuclear  power  plants  and  fuel 
rod  holding  tanks.  While  these  radioactive 
isotopes  are  present  in  the  water  in  very  low 
concentrations,  they  are  nonetheless  highly 
radioactive  and  toxic  to  human  life.  Safe  disposal 
or  re-use  of  the  contaminated  water  can  only  be 
conducted  if  a  sufficient  quantity  of  radioactive 
isotopes  is  removed  to  reach  permissible  levels. 

The  production  of  Co60  and  Co58  through 
neutron  activation  of  stainless  steel  is  prevalent  in 
most  power  reactors.  These  isotopes  of  cobalt 
migrate  through  the  various  waste  streams  in  the 
reactor  and  eventually  contaminate  the  waste 
waters.  Accordingly,  the  removal  of  radioactive 
cobalt  is  important  in  the  waste  water  treatments 
prior  to  release  into  the  environment. 

Waste  water  often  represents  a  mixture  of 
primary  coolant  containing  such  radioactive  ions 
as  Co58  and  Co60  as  well  as  fission  fragments 
such  as  1131,  Cs137  and  Cs134  with  other  streams 
which  may  have  high  concentrations  of  ions. 
Those  reactors  cooled  by  coastal  waters  will  have 
a  significant  content  of  sea  water.  Typical  sea 
water  contains  approximately  10.5  g/l  Na,  1.35  g/l 
Mg,  0.40  g/l  Ca,  0.38  g/l  K,  19.0  g/l  CI,  2.65  g/l  S04 
and  0.065  g/l  Br. 

Strong  acid  cation  resins  effectively  remove 
ionic  cobalt  from  aqueous  media  having  low  ionic 
content.  However,  if  a  significant  amount  of  water 
with  high  concentrations  of  ions,  e.g.,  sea  water 
or  "hard"  ground  water,  enters  the  stream,  it  will 
exhaust  the  resin  after  a  relatively  small  number 
of  column  volumes.  Thus,  in  order  to  reduce  the 
amount  of  waste  (spent  ion  exchange  media),  it 
would  be  desirable  to  develop  a  selective  ion 
exchange  material  that  will  pick  up  Co  in  the 
presence  of  Na,  K,  Ca,  Mg,  etc. 

Furthermore,  sea  water  contains  large  concen- 
trations  of  anions  such  as  chloride  and  sulfate 
which  form  complexes  with  Co.  Most  of  these 
complexes  are  univalent  or  neutral,  and  therefore 
they  are  less  amenable  to  sorption  by  ordinary 
ion  exchangers  than  the  divalent  Co  ion. 

The  removal  of  radioactive  cations  such  as 
cobalt  using  a  porous  glass  cation  exchanger  is 
disclosed  in  US  4469628  which  resulted  from 
United  States  patent  application  of  one  of  the 
present  inventors  Serial  No.  370,437,  filed  April, 
21,  1982,  which  was  a  continuing  application  of 
Serial  No.  39,595,  filed  May  16,  1979,  now  aban- 
doned,  which  was  a  continuing  application  of 
Serial  No.  959,222,  filed  November  9,  1978,  now 
abandoned,  each  by  Simmons,  Simmons, 
Macedo  and  Litovitzand  and  each  entitled  "Fixa- 
tion  by  Ion  Exchange  of  Toxic  Materials  In  A  Glass 
Matrix".  The  porous  glass  media  disclosed  in  the 

co-pending  application  will  effectively  remove  Co 
from  streams  with  high  concentrations  of  Na  and 
K.  Even  though  very  useful  in  many  cases  where 
the  concentrations  of  Na  and  K  are  high  while  the 

5  Ca  and  Mg  concentrations  are  low,  the  porous 
glass  media  have  limitations  when  either  Ca  or 
Mg  or  both  are  high  in  concentration. 

Several  patents  describe  the  use  of  complexing 
agents  in  the  decontamination  of  solid  surfaces 

w  and  liquid  streams  contaminated  with  radioactive 
isotopes  in  nuclear  facilities.  U.S.  Patent  No. 
3,047,434  describes  a  solution  for  radioactive 
decontamination  comprising  a  mixture  of  water, 
ethylenediaminetetraacetic  acid,  sodium  sulfate, 

is  sodium  hydroxide,  manganese  dioxide  and  car- 
bon  black.  The  patent  also  describes  a  decontami- 
nation  method  which  comprises  immersing  a 
radioactively  contaminated  article  in  a  solution 
comprised  of  water,  ethylenediaminetetraacetic 

20  acid,  sodium  sulfate,  sodium  hydroxide,  mangan- 
ese  dioxide  and  carbon  black,  and  subjecting  said 
solution  to  ultrasonic  vibration  forces  sufficient  to 
produce  cavitation  therein.  The  invention  relates 
to  the  decontamination  of  solid  articles  contami- 

25  nated  with  radioactive  species  exemplified  by 
cesium  134.  Other  adsorbents  mentioned  as 
being  of  possible  use  as  ingredients  of  decon- 
tamination  solutions  in  addition  to  manganese 
oxide  and  carbon  black  are  silicates  such  as  a 

30  colloidal  clay,  talc,  and  fuller's  earth,  chalk;  sul- 
fides  of  arsenic  and  antimony,  diatomaceous 
earth;  and  metallic  oxides  such  as  alumina,  mag- 
nesia,  iron  oxide  and  titanium  dioxide. 

U.S.  Patent  No.  3,080,262  describes  a  process 
35  effective  for  removal  of  radioactive  contaminants 

from  a  surface  which  comprises  contacting  said 
surface  with  an  aqueous  solution  which  consists 
essentially  of  an  alkali  and  an  alkanolamine,  and 
removing  radioactive  contaminants  from  said 

40  surface.  In  particular,  the  decontamination  sol- 
ution  consists  essentially  of  from  about  5%  to 
about  55%  by  weight  of  an  alkali  metal  hydroxide 
(such  as  potassium  hydroxide),  from  about  1%  to 
about  45%  by  weight  of  an  agent  taken  from  the 

45  group  consisting  of  soluble  salts  of  the  aliphatic 
hydroxy  acids  and  soluble  salts  of  the  low  mole- 
cular  weight  fatty  acids  (such  as  potassium  acet- 
ate  or  potassium  hydroxyacetate)  and  from  about 
2.5%  to  about  30%  by  weight  of  an  alkanolamine 

50  (such  as  triethanolamine).  Ethylenediamine 
derivatives  such  as  tetrakis-N-(2-hydroxypropyl) 
ethylenediamine  are  added  as  minor  ingredients 
to  some  of  the  solutions  mentioned  in  the 
examples. 

55  U.S.  Patent  No.  4,222,892  describes  a  process 
for  preparing  oxine  (8-hydroxyquinoline) 
adsorbed-activated  charcoal  which  comprises 
contacting  solid  oxine  with  activated  charcoal  in 
the  air  or  in  water  until  the  activated  charcoal 

so  becomes  impregnated  with  the  oxine.  This  patent 
mentions  a  method  of  removing  radionucleides 
from  the  cooling  and  leakage-water  from  nuclear 
reactors.  The  principle  of  this  method  comprises 
adding  an  oxine  into  the  cooling-water  of  the 

55  nuclear  reactor  or  leakage-water  therefrom  to 
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>rm  water-insoluble  and  stable  complexes  oTtne 
idionucleides  contained  therein  and  adsorbing 
lem  on  activated  charcoal.  Many  kinds  of  oper- 
tions  can  be  employed  in  the  method,  for 
xample  an  operation  using  activated  charcoal  on 
rhich  oxine  is  adsorbed,  a  batchwise  operation  in 
rhich  activated  charcoal  is  added  after  addition 
f  oxine,  or  a  continuous  operation  using  an 
ctivated  charcoal  column.  However,  the  oper- 
tion  using  activated  charcoal  on  which  an  oxine 
;  impregnated  is  recommended.  A  mention  is 
Iso  made  of  a  method  for  removing  heavy 
letals  such  as  mercury,  copper,  chromium,  etc., 
•om  a  water  solution  containing  the  heavy 
letals  using  an  activated  charcoal  or  silica  gel  on 
/hich  oxine  is  adsorbed  and  carried. 
Ralph  K.  Her  "The  Chemistry  of  Silica"  (Wiley- 

iterscience,  New  York,  1979,  pp.  672—676)  sur- 
eys  the  literature  pertaining  to  adsorption  of 
netal  ions  on  silica,  in  most  cases  hydroxylated 
ilica.  In  several  cases  it  reports  that  metal  ions 
omplexed  by  organic  ligands  can  be  adsorbed 
m  silica  surfaces.  These  include  the 
ithylenediamine  complexes  of  thallium,  silver, 
lickel,  cobalt,  copper  and  zinc.  All  the  studies 
luoted  in  this  review  consist  of  experiments 
vhere  a  metal  ion  is  reacted  with  a  dissolved 
>rganic  compound  in  aqueous  solution,  and  the 
isually  slow  adsorption  of  the  resulting  complex 
jpecies  on  a  silica  surface  is  monitored. 

Thus,  it  is  an  object  of  this  invention  to  make 
sorption  media  which  will  remove  dissolved 
netal  species  such  as  Co  atoms  and/or  ions  from 
aqueous  streams.  Another  object  of  this  invention 
s  to  make  sorption  media  which  will  remove 
dissolved  metal  species  such  as  Co  atoms  and/or 
ons  from  aqueous  streams  in  the  presence  of 
arge  excess  amounts  of  Na,  K,  Ca,  Mg  and  other 
ons  and/or  in  the  presence  of  large  excess 
amounts  of  chloride,  sulfate  and  other  species 
which  can  form  complexes  with  cobalt. 

In  accordance  with  the  present  invention  there 
s  provided  a  process  for  removing  metal  species 
selected  from  the  metals  of  Groups  Ilia  to  IVb 
inclusive  of  the  Period  Table,  the  actinides  and  the 
rare  earth  metals  from  an  aqueous  solution  which 
process  comprises  passing  the  solution  over  a 
composition  characterised  in  that  the  composi- 
tion  comprises  (a)  a  porous  support  having  inter- 
connected  pores  comprising  silicate  glass  or  silica 
gel  or  charcoal  and  (b)  a  complexing  agent  con- 
tained  by  the  support  and  being  a  water  soluble 
alkylene  amine  having  2  to  5  amine  groups  which 
is  capable  of  forming  a  stable  complex  with  said 
metal  species  and  being  present  in  an  amount 
effective  to  complex  said  metal  species. 

The  process  of  the  present  invention  may  be 
employed  to  remove  radioactive  metal  species 
from  aqueous  solutions  but  may  also  be 
employed  to  remove  dissolved  metal  species 
from  non-radioactive  streams  such  as  cleaning 
and  metallic  plating  solutions  and  hydrometallur- 
gical  solutions. 

In  accordance  with  the  present  invention  there 
is  also  provided  an  article  for  removing  metal 

species  Trum  aqueous  auiuuui  i  vvinw  i  wi  i  i|-m  _ 
canister  and  a  composition  which  comprises  a 
porous  support  having  interconnected  pores 
comprising  silicate  glass,  silica  gel  or  charcoal 
and  a  water  soluble  amine  complexing  agent 
contained  by  the  support  and  being  an  alkylene 
amine  having  2  to  5  amine  groups  which  is 
capable  of  forming  a  stable  complex  with  said 
metal  species  and  being  present  in  an  amount 

?  effective  to  complex  said  metal  species. 
The  present  invention  uses  a  composition  in 

which  a  complexing  group  is  immobilized  by 
attachment  to  a  support.  As  used  herein,  "com- 
plexing  agent"  or  "complexing  group"  means  an 

5  atom,  molecule,  ion  or  chemical  group  which, 
upon  being  contained  by  an  internal  surface  of  a 
porous  structure  or  support  can  cause  a  signifi- 
cant  enhancement  in  the  tendency  of  a  dissolved 
ionic  or  neutral  species  to  adhere  to  this  surface 

o  or  to  become  attached  or  occluded  inside  the 
porous  solid.  By  "contained  by"  is  meant  bonded, 
attached,  sorbed  or  physically  located  at  or  close 
to  an  internal  surface  of  the  porous  structure  or 
support.  The  mechanism  through  which  enhance- 

5  ment  is  achieved  may  consist  of  the  formation  of 
a  coordinate  covalent  complex  species,  an 
insoluble  or  scarcely  soluble  compound,  or  a  non- 
dissociated  or  weakly  dissociated  covalent  or 
ionic  species. 

to  The  complexing  group  of  the  present  invention 
is  formed  from  a  suitable  water  soluble  amine. 
"Water  soluble"  is  defined  to  mean  that  the 
amine  has  a  solubility  of  at  least  0.5  g/l,  preferably 
at  least  5  g/l,  at  ambient  temperature  and 

(5  pressure  in  neutral  water  at  a  pH  of  7  at  25°C. 
"Amine"  is  defined  to  mean  a  primary,  secondary 
or  tertiary  amine.  Suitable  amines  have  a  neutral 
or  basic  organic  molecule  and  include  aliphatic 
amines  such  as  alkylene  amines.  The  amine  may 

to  be  unsubstituted  or  substituted  by  hydroxyl, 
phosphoro,  oxo,  nitrilo  or  the  like  groups.  The 
amine  preferably  contains  up  to  4  carbon  atoms 
(e.g.,  2  carbon  atoms)  between  amino  groups. 
The  amine  preferably  contains  2  to  8  carbon 

(5  atoms,  2  to  5  amine  groups  and  a  ratio  of  carbon 
atoms  to  amine  groups  (C:N)  of  2:1  or  less. 

The  support  in  accordance  with  one  aspect  of 
the  invention  is  preferably  a  porous  silica  glass  or 
silica  gel  containing  silicon  dioxide  (Si02)  as  a 

jo  major  component,  having  a  large  surface  area 
and  having  large  amounts  of  silicon-bonded 
hydroxyl  groups  on  the  surfaces.  The  Si02  con- 
tent  of  the  porous  glass  or  silica  gel  desirably  is  at 
least  about  70  mol  %  Si02  by  dry  weight.  The 

55  support  in  accordance  with  another  aspect  of  the 
invention  is  preferably  charcoal  which  may,  for 
example,  be  prepared  by  the  destructive  distilla- 
tion  of  wood  such  as  nut  shells  (e.g.,  coconut 
shells).  Such  supports  will  have  interconnected 

60  pores.  The  support  is  modified  with  complexing 
groups  (e.g.  triethylene-tetramine)  so  that  metal 
species  such  as  radioactive  cobalt  are  absorbed 
on  the  surface  by  being  complexed  by  the  com- 
plexing  groups. 

65  The  present  invention  provides  an  improve- 
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ment  over  prior  exchangers.  With  respect  to 
organic  exchangers  currently  in  use,  the  invention 
has  all  the  advantages  associated  with  the  use  of 
a  porous  glass  or  charcoal  material  as  the 
exchanger  rather  than  an  organic  material.  The 
glass  or  charcoal  exchanger  is  insensitive  to 
radiation  including  the  short-lived  isotopes  it  is 
designed  to  remove  from  contaminated  waters 
and  it  can  be  dried  thus  reducing  the  dissemina- 
tion  of  radioactive  isotopes  after  use. 

The  present  invention  provides  an  improve- 
ment  over  prior  art  exchangers  in  cases  in  which 
the  waste  streams  contain  metal  species  such  as 
cobalt  in  the  presence  of  Na,  K,  Ca,  Mg,  etc.  More 
particularly,  the  present  invention  provides  a 
means  of  selectively  sorbing  metal  species  such 
as  cobalt  at  a  much  higher  efficiency  than  Na,  K, 
Ca,  Mg  and  other  similar  ions. 

The  present  invention  also  provides  an 
improvement  over  prior  art  exchangers  in  cases 
in  which  the  waste  waters  are  loaded  with 
chloride  or  sulfate.  The  chloride  or  sulfate  will 
form  complexes  with  metal  species  such  as  Co 
causing  the  exchanger  to  have  a  limited  capacity. 
By  contrast,  the  present  invention  provides  a 
sorbing  support  through  which  cobalt  (or  other 
selected  cations)  can  be  preferentially  absorbed 
in  the  presence  of  large  quantities  of  chloride  and 
sulfate  anions. 

The  present  invention  also  provides  an 
improvement  over  prior  art  exchangers  such  as  8- 
hydroxyquinoline.  The  oxine  has  been  found  by 
the  present  inventors  to  have  a  cobalt  capacity 
comparable  with  that  of  triethylenetetramine  on 
charcoal,  but  to  have  a  lower  cobalt  capacity  on 
glass.  However,  the  oxine  is  essentially  water 
insoluble.  It  also  is  highly  sensitive  to  air  oxida- 
tion  and  is  thermally  sensitive  above  ambient.  By 
contrast,  the  amines  of  the  present  invention  are 
water  soluble  and  not  readily  oxidizable.  The 
amines  also  are  relatively  thermally  stable  below 
about  100°C.  And,  the  amines  are  relatively  inex- 
pensive. 

The  present  invention  also  is  directed  to  the 
removal  of  metal  species  from  non-radioactive 
streams,  including  streams  with  high  ionic  con- 
tent.  Such  metal  species  containing  streams 
include  both  waste  solutions  obtained  in  indus- 
trial  processes  such  as  metal  finishing,  plating 
etc.  from  which  it  is  desired  to  remove  and,  if 
possible,  to  recover  metal  species  as  well  as 
solutions  obtained  in  hydrometallurgical  pro- 
cesses  involving  metal  species  containing  ores, 
where  it  is  desired  to  carry  out  concentration  or 
removal  of  metal  species. 

The  process  according  to  this  invention  serves 
to  absorb  metal  species  by  forming  stable  com- 
plexes  with  an  amine  complexing  group 
immobilized  by  attachment  to  a  support.  Tri- 
ethylenetetramine  (TETA)  is  the  most  preferred 
complexing  agent,  at  least  for  cobalt  ion. 

The  support  in  accordance  with  one  aspect  of 
the  invention  is  preferably  a  porous  silicate  glass 
or  silica  gel.  Suitable  glass  compositions  which 
may  be  utilized  generally  contain  silicon  dioxide 

(Si02)  as  a  major  component,  have  a  large  surface 
area  and  have  large  amounts  of  silicon-bonded 
hydroxyl  groups  on  the  surface.  The  Si02  content 
of  the  porous  glass  or  silica  gel  desirably  is  at 

5  least  about  70  moi  percent  Si02  preferably  at  least 
about  82  mol  percent  Si02  and  most  preferably  at 
least  about  89  mol  percent  Si02  on  a  dry  basis. 
Such  glasses  are  described  in  the  literature,  see 
U.S.  Patent  Nos.  2,106,744;  2,215,936;  2,221,709; 

10  2,272,342;  2,326,059;  2,336,227;  2,340,013; 
4,110,093;  and  4,110,096,  for  example. 

The  porous  silicate  glass  compositions  can  also 
be  prepared  in  the  manner  described  in  U.S. 
Patent  No.  3,147,225  by  forming  silicate  glass  frit 

15  particles,  dropping  them  through  a  radiant  heat- 
ing  zone  wherein  they  become  fluid  while  free 
falling  and  assume  a  generally  spherical  shape 
due  to  surface  tension  forces  and  thereafter  cool- 
ing  them  to  retain  their  glassy  nature  and  spheri- 

20  cal  shape. 
In  general,  the  porous  silicate  glass  can  be 

made  by  melting  an  alkali  metal  borosilicate 
glass,  phase-separating  it  into  two  interconnected 
glass  phases  and  leaching  one  of  the  phases,  i.e., 

25  the  boron  oxide  and  alkali  metal  oxide  phase,  to 
leave  behind  a  porous  skeleton  comprised  mainly 
of  the  remaining  high  silicate  glass  phase.  The 
principal  property  of  the  porous  glass  is  that 
when  formed  it  contains  a  large  inner  surface  area 

30  covered  by  silicon-bonded  hydroxyl  groups.  It 
was  found  preferable  to  use  porous  glass  made 
by  phase-separation  and  leaching  because  it  can 
be  made  with  a  high  surface  area  per  unit  volume 
and  has  small  pore  sizes  to  give  a  high  concen- 

35  tration  of  silicon-bonded  hydroxyl  surface 
groups,  and  because  the  process  of  leaching  to 
form  the  pores  leaves  residues  of  hydrolyzed 
silica  groups  in  the  surface  group  present.  The 
porous  silicate  glass  may  be  in  the  shape  of  a 

40  suitable  geometric  or  non-geometric  container 
such  as  a  cylinder,  or  it  may  be  in  particulate  form 
such  as  powder,  beads,  spheroids,  etc.,  desirably 
contained  in  a  suitable  container  or  conforming  to 
the  shape  of  the  container  such  as  a  column, 

45  nylon  bag,  cube,  plate-like  membrane,  cylinder, 
sphere,  etc. 

The  literature  also  adequately  describes  the 
preparation  of  silica  gel  compositions  which  can 
be  employed  in  this  invention.  These  materials 

so  are  available,  for  example,  as  LUDOX  silica  gel, 
sold  by  E.  I.  DuPont  de  Nemours  &  Co.,  which 
contains  0.08  to  0.6  wt.  percent  Na20  as  titrable 
alkali  believed  to  be  present  as  silicon-bonded 
NaO-g  roups. 

55  Another  class  of  materials  which  can  be 
employed  in  this  invention  includes  polymerized 
or  partially  polymerized  systems  prepared  by 
means  of  processes  associated  with  the  sol-gel 
technique  and  consisting  of  single-component  (in 

60  particular,  high-silica)  or  multi-component  (e.g., 
Na20  —  B203  —  Si02,  Si02  —  Ti02)  compositions 
(Yokdas,  J.  Mater.  Sci.,  14,  1843  (1979);  Yoldas,  J. 
Non-cryst.  solids  38,  81  (1980);  Mukherjee,  in 
Materials  Processing  in  the  Reduced  Gravity 

65  Environment  of  Space,  Elsevier,  1982). 
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The  surface  to  weight  ratio  ot  the  porous 
lilicate  glass  or  silica  gel  support  is  at  least  about 
1.1  m2/g  to  at  least  several  thousand  m2/g,  e.g., 
0,000  m2/g,  preferably  at  least  upwards  of  10 
n2/g.  A  suitable  surface  to  weight  ratio  of  the  said 
lupport  can  range  from  about  5  to  about  500  m2/ 
'  

The  support  in  accordance  with  another  aspect 
)f  the  invention  is  preferably  charcoal.  Charcoal  is 
i  form  of  amorphous  carbon  and  is  obtained  from 
he  destructive  distillation  of  wood,  sugar,  coal 
and  other  carbonaceous  materials.  The  term 
'charcoal"  is  intended  to  include  the  so-called 
activated  carbons  which  are  produced  by  gas  or 
jhemical  treatment  to  create  a  very  large  surface 
area.  Specifically,  activated  carbon  has  a  large 
specific  area  and  is  designed  for  absorption  from 
:he  gas  and  liquid  states.  The  specific  area  of 
activated  carbon  can  range  from  about  500  to 
2,000  m2/g,  more  typically  about  800  to  1500  m2/ 
3.  Activated  granular  and  powdered  carbon 
ncludes  a  pore  structure  created  by  the  steps  of 
driving  off  constituents  from  the  carbonaceous 
raw  materials  and  partially  oxidizing  the  residue. 
The  oxidation  typically  is  conducted  by  means  of 
steam,  flue  gas,  air  or  carbon  dioxide.  The  char- 
coal  used  in  accordance  with  the  invention  is 
preferably  produced  from  wood  such  as  coconut 
or  other  nut  shells.  Suitable  charcoal  is  available 
from  Fisher  Scientific  Company,  Pittsburgh,  Penn- 
sylvania  and  Barnebey-Cheney,  Columbus,  Ohio. 

The  support  is  then  treated  to  immobilize  the 
amine  complexing  agent.  The  porous  support  is 
contacted  with  the  amine  complexing  agent  dis- 
solved  in  an  aqueous  medium  having  a  molarity 
typically  of  about  0.2  to  2,  and  a  pH  typically  from 
about  3  to  11.  During  the  contact,  the  amine  is 
absorbed  on  the  support  to  anchor  or  bond  the 
amine  to  the  support. 

The  proportion  of  complexing  agent  absorbed 
on  the  support  can  be  regulated  by  several  tech- 
niques.  Longer  times  of  contact  of  the  aqueous  or 
other  solution  of  the  amine  complexing  agent 
with  the  support  will  increase  the  proportion  of 
absorbed  amine  complexing  groups.  Also,  the 
smaller  the  particle  size  of  support,  the  greater  the 
proportion  of  the  complexing  groups  that  will  be 
absorbed  within  a  given  time.  Any  other  suitable 
technique  such  as  varying  the  concentration  can 
be  used  to  regulate  the  proportion  of  complexing 
groups  absorbed  on  the  porous  support.  In 
general,  as  much  amine  complexing  agent  is 
absorbed  on  the  support  as  is  possible  within  a 
practical  contact  time,  etc." 

It  is  believed  that  at  least  some  of  the  amine 
complexing  agents  are  joined  to  the  charcoal 
support.  However,  in  some  cases,  a  proportion  of 
the  amine  is  simply  deposited  on  or  within  the 
pores  of  the  charcoal  with  little,  if  any,  chemical 
bonding  of  the  complexing  atoms  to  the  support. 

The  amount  of  amine  complexing  groups  (e.g., 
TETA)  immobilized  on  the  support  is  generally  at 
least  about  0.01%  by  dry  weight,  preferably  at 
least  about  0.1%,  and  most  preferably  at  least  - 
about  1%.  Generally,  the  support  will  have  at 

most  aDOUl  ouyo  Dy  ury  weiyni  |jici_iauiy  ai  iuu-i 
about  10%  by  dry  weight,  of  amine  complexing 
groups  (e.g.,  TETA)  immobilized  thereon. 

The  support  having  the  complexing  groups 
immobilized  thereon  is  then  contacted  with  the 
waste  stream-containing  the  metal  species  such 
as  cobalt.  The  waste  stream  can  be  any  of  the 
various  waste  streams  identified  in  U.S.  Patent 
No.  4,333,847.  This  contact  can  take  place  in  a 

3  packed  exchange  or  mixed  bed  column  or  in  a 
suitable  canister.  Dilute  solutions  having  less  than 
1  picocurie  radioactivity  per  milliliter  as  well  as 
more  concentrated  solutions,  e.g.,  those  having 
as  high  as  1  microcurie  or  more  radioactivity  per 

5  milliliter,  can  be  treated  by  this  invention. 
When  using  an  exchange  column  or  the  like,  it 

is  preferred  that  the  porous  silicate  glass  or  other 
support  be  finely  divided  to  a  suitable  size  (e.g., 
between  about  45  to  80  U.S.  Standard  mesh  for 

0  porous  silicate  glass  and  between  about  50  and 
200  mesh  for  charcoal)  to  maximize  the  contact  of 
the  waste  stream-  with  the  particles  of  the  silicate 
glass  or  other  support.  In  general,  the  glass 
support  is  preferred  because  of  its  good  flow 

5  characteristics.  The  waste  stream  is  passed 
through  the  column  and  the  metal  species  in 
solution  are  complexed  with  the  complexing 
groups  in  the  porous  glass  or  other  support  to 
chemically  complex  the  cations  to  the  support.  If 

to  desired,  the  glass  support  can  be  fused  as  high 
temperature  to  collapse  the  pores  and  entrap  the 
metal  species. 

The  metal  species  which  may  be  removed  by 
the  process  of  the  present  invention  include  the 

15  metals  of  Groups  Ilia  through  IVb,  inclusive,  of  the 
Periodic  Table,  the  actinides  and  the  rare  earth 
metals.  These  metals  include  cobalt,  nickel, 
chromium,  aluminum,  gallium,  indium,  thorium, 
copper,  gold,  silver,  zinc,  cadmium,  mercury, 

to  palladium  and  platinum. 
It  has  been  observed  that  one  unit  volume  of 

glass  or  gel  or  charcoal  or  other  support  can 
"concentrate"  the  metal  species  contained  in 
several  thousand  unit  volumes  of  waste  water  on 

15  a  calculated  basis.  The  term  "column  volume" 
(CV)  is  often  used  in  this  context  and  means  one 
volume  of  liquid  (water)  per  one  volume  of  glass 
or  gel  or  charcoal  or  other  support. 

50  Summary  of  examples 
Examples  1  and  3  illustrate  the  use  of  charcoal 

or  activated  carbon  impregnated  with  tri- 
ethylenetetramine  in  removing  radioactive  cobalt 
(Co-58  and  Co-60)  from  streams.  These  examples 

55  show  that  such  treated  supports  are  effective  in 
removing  cobalt  radioisotopes  from  actual  reac- 
tor  waste  streams  (Example  3)  as  well  as  from 
simulated  solutions  (Example  1).  Examples  3 
shows  that  when  the  concentration  of  salts  and 

60  foreign  ions  is  increased,  using  actual  saline 
reactor  service  water,  the  performance  of  such 
charcoal  media  does  not  deteriorate  and  even 
improves  relative  to  the  performance  at  lower 
salinity  levels  (Example  1).  Examples  2  and  4 

65  demonstrate  that  in  corresponding  low-salinity 

0 
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and,  in  particular,  high-salinity  media,  the  per- 
formance  of  conventional  ion  exchange  resins  is 
much  inferior  to  that  of  charcoal  impregnated 
with  complexing  agents. 

Example  5  is  based  on  experiments  carried  out 
with  non-radioactive  cobalt  at  higher  cobalt  con- 
centrations.  Example  5  shows  that  porous  glass 
impregnated  with  ethylenediamine  is  effective  in 
removing  cobalt  from  low-salinity  streams. 

Example  6  shows  that  among  polyethylene- 
polyamines  used  to  pre-treat  charcoal  for  use 
in  removal  of  cobalt  from  aqueous  solutions 
triethylenetetramine  gives  the  charcoal  with  the 
highest  capacity.  With  respect  to  the  other  com- 
pounds,  1-nitroso-2-naphthol  and  EDTA  are  not 
very  effective.  Example  7  shows  that  charcoal  can 
be  treated  with  amines  in  the  vapor  phase  rather 
than  in  solution,  although  the  resulting  capacity  is 
low.  Example  7  shows  that  leached,  washed 
porous  glass  similarly  treated  with  amines  has  a 
higher  capacity  than  charcoal  under  similar  con- 
ditions  in  spite  of  the  larger  grain  size  used  in  the 
case  of  the  glass.  Triethylenetetramine  is  again 
observed  to  be  more  effective  than  diethylene- 
triamine.  Example  9  shows  that  glass  treated  with 
triethylenetetramine  is  also  effective  in  removing 
chromate  from  solutions,  probably  through  a 
combination  of  reduction  and  compiexation. 
Example  1  0  shows  that  such  glass  is  also  effective 
in  removing  mercury  from  solutions.  Example  11 
shows  that  a  similar  glass  pre-treated  with 
ethylenediamine  can  be  used  to  remove  gold 
from  aqueous  streams.  Example  12  shows  that 
triethylenetetramine-doped  charcoal  is  useful  in 
removing  aluminum  ions  from  solutions. 

Examples 
Example  1 

A  simulated  waste-water  composition  corre- 
sponding  to  typical  waste-water  in  a  nuclear 
power  station  based  on  a  pressurized-water  reac- 
tor  and  using  the  sea  or  the  ocean  as  its  source  of 
water.  This  solution  was  prepared  by  mixing 
together  800  ml  of  an  aqueous  2.86  g/l  boric  acid 
solution  with  200  ml  of  synthesized  sea-water. 
The  synthesized  sea-water  was  prepared  by  dis- 
solving  27.213  g  NaCI,  8.129  g  MgCI2  •  6H20,  1.658 
g  MgS04,  1.593  g  CaS04  •  2H20,  0.863  g  K2S04, 
0.123  g  CaC03  and  0.121  g  MgBr2  •  6H20  in  900  mi 
of  water,  adding  0.2  ml  of  1  M  NaOH  to  bring  the 
pH  value  to  (8.0±0.2),  and  adding  de-ionized 
water  to  a  total  volume  of  1.1.  The  mixture  was 
doped  with  Co-60  (obtained  from  New  England 
Nuclear  Co.  in  the  chloride  form)  at  an  activity 
level  of  600  nCi/l. 

A  quantity  of  10  ml  of  Activated  Carbon  or 
Activated  Coconut  Charcoal  (Fisher  Scientific  Co., 
Pittsburgh,  Pennsylvania,  #5-690A)  (-200  +500 
mesh)  was  permitted  to  stand  for  1  day  in  contact 
with  a  volume  of  40  ml  of  an  aqueous  2M 
triethylenetetramine  (Fisher  Scientific  Co.,  Pitt- 
sburgh,  Pennsylvania,  #T-410)  solution,  with 
occasional  shaking.  This  step  was.  repeated  with 
another  40  mi  of  2M  triethylenetetramine  for  1 
more  day.  The  charcoal  was  thereupon  stirred  for 

30  minutes  with  a  volume  of  40  ml  of  an  aqueous 
0.7M  triethylenetetramine  solution  neutralized 
with  6M  nitric  acid  to  a  pH  value  of  8.0±0.5.  This 
step  was  repeated  with  another  40  ml  of  neut- 

5  ralized  0.7M  triethylenetetramine.  The  charcoal 
was  quickly  rinsed  four  times,  each  time  with 
about  40  mL  of  de-ionized  water,  and  stored  in  a 
volume  of  40  ml  of  neutralized  0.7M  tri- 
ethy  I  enetetra  mine. 

10  A  glass  column  (diameter  0.8  cm)  was  filled  to  a 
height  of  4  cm  (2  ml  volume)  with  the  tri- 
ethylenetetramine-treated  charcoal.  The  charcoal 
was  supported  using  porous  stainless  steel  frits. 

A  total  volume  of  25410  ml  of  the  simulated 
15  waste-water  composition  detailed  above  was 

passed  through  the  column  at  a  flow  rate  of 
approximately  25  ml/hr  (residence  time  4.8 
minutes).  The  effluent  was  sampled  periodically 
and  the  activity  of  Co-60  in  the  effluent  samples 

20  determined  and  compared  with  the  corre- 
sponding  activity  level  in  the  influent  by  means  of 
a  sodium  iodide  counter  and  a  Canberra  Series  40 
multi-channel  analyzer  activity.  The  results 
obtained  for  Co-60  are  given  in  terms  of  the 

25  decontamination  factor  (influent:effluent  count- 
ing  rate)  in  Table  1. 

TABLE  1 
Decontamination 

30  Column  volumes  factor 

4750  203 
7050  212 
10430  211 
10810  53 
11040  37 
12420  22 
12710  19 

40 
Example  2  (Comparative) 

The  experiment  described  in  Example  1  was 
repeated  using  the  same  Co-60  doped,  simulated 
waste-water  composition,  but  instead  of  using 

45  triethylenetetramine-treated  charcoal  the  column 
was  loaded  with  a  volume  of  1  ml  of  Dowex  HCR- 
S  Nuclear  Grade  Hydrogen  Form  Strongly  Acidic  4 
Cation  Exchange  Resin  (8%  cross-lined,  dry  mesh 
-20  +50)  available  from  Dow  Chemical  Co., 

so  Midland,  Michigan.  The  flow  rate  was  approxi-  * 
mately  60  ml/hr  (residence  time  of  1  minute).  The 
results  obtained  for  Co-60  are  shown  in  Table  2. 

TABLE  2 
55  Decontamination 

Column  volumes  factor 

400  1.9 
520  1.3 

so  .  845  1.6 

Example  3 
The  influent  tested  was  prepared  by  mixing 

together  700  ml  of  Salem  reactor  waste-water  and 
65  300  ml  of  non-radioactive  service  water  sampled 

6 
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n  the  same  day.  The  major  components  ot  tne 
raste-water  included:  0.026  g/l  Na,  0.0038  g/l  Ca, 
.002  g/l  K,  0.0014  g/l  Mg,  0.0008  g/l  Fe,  0.0003  g/l 
i,  0.0002  g/l  Cu,  0.0002  g/l  Mn,  0.0001  g/l  Al, 
.0001  g/l  Cr,  0.0001  g/l  Co,  0.0001  g/l  Mo,  3.18  g/l 
oric  acid  (B3B03),  0.050  g/l  phosphate  (P04), 
.021  g/l  chloride  (CI),  0.004  g/l  sulfate  (S04),  and 
.002  g/l  silica  (Si02).  The  pH  was  about  6.0,  the 
jtal  radioactivity  was  80  nCi/ml  and  the  principal 
amma-emitting  radioisotopes  were  Co-58,  Co- 
0,  Mn-54,  Cs-134  and  Cs-137.  The  major  com- 
onents  of  the  service  water  included  2.13  g/l  Na, 
.20  g/l  Mg,  0.13  g/l  Ca,  0.11  g/l  K,  0.0025  g/l  Sr, 
.0024  g/l  Al,  0.0016  g/l  Fe,  0.0002  g/l  Mn,  0.0001  g/ 
Ti,  0.0001  g/l  Cu,  0.0001  g/l  Mo,  3.25  g/l  chloride 
:i),  0.70  g/l  sulfate  (S04),  0.013  g/l  bromide  (Br), 
.012  g/l  silica  (Si02)  and  0.007  g/l  boric  acid 
r!3B03).  The  pH  was  about  6.3. 
The  mixed  solution  was  passed  through  Fisher 

Icientific  Co.  #5—  690A  charcoal  treated  twice 
vith  2M  triethylenetetramine  (once  by  stirring  for 
8  hours  followed  by  0.5  hour  of  standing  and 
mce  by  stirring  for  2  hours  followed  by  0.5  hour 
if  standing)  followed  by  a  single  treatment  with 
I.7M  triethylenetetramine  neutralized  with  6M 
■l2SO,  to  pH  (8.0±0.5)  for  2  hours  and  storage  in 
he  latter  solution. 

The  column  volume  was  2  ml  and  the  flow  rate 
vas  12  ml/hr  (residence  time  10  minutes). 

The  results  obtained  for  Co-58  are  shown  in 
fable  9. 

TABLE  3 
Decontamination 

Column  volumes  factor 

61  22 
73  13 
32  11 
100  7.8 
210  6.7 
228  6.8 
446  6.2 
561  6.2 
681  7.2 
806  6.4 

Example  4  (Comparative) 
The  experiment  described  in  Example  3  was 

repeated  using  the  same  waste-water/service 
water  mixture,  but,  instead  of  using  the  tri- 
ethylenetetramine-treated  charcoal,  the  column 
was  loaded  with  a  volume  of  5  ml  of  the  ion 
exchange  resin  obtained  from  the  Salem  Nuclear 
Power  Station.  The  flow  rate  was  12  ml/hr  (resi- 
dence  time  of  25  minutes).  The  results  obtained 
for  Co-58  are  shown  in  Table  10. 

I  nDL-  t  
Decontamination 

olumn  volumes  factor 

28  18 
42  15 
59  13 
66  11 
77  6.1 
91  1-9 
111  1-3 

example  o 
A  borosilicate  glass  containing  approximately 

5  54%  Si02,  35%  B203,  6%  K20  and  5%  Na20  and 
shaped  in  the  form  of  rods  (length  30.5  cm  (12"); 
diameter  0.76  cm  (0.3")  was  heat-treated  in  Vycor 
tubes  for  110  minutes  at  550°C.  The  rods  were 
subsequently  ground  and  sieved  to  separate  out 

o  the  -25+45  mesh  fraction.  A  volume  of  ground 
glass  was  leached  with  3M  HCI  for  1  day  and 
washed  with  de-ionized  water  to  remove  the  HCI. 
A  volume  of  100  ml  of  the  resulting  highly  porous 
glass  powder  which  has  undergone  the  process 

5  detailed  above  was  stirred  with  a  volume  of  400 
ml  of  an  aqueous  2M  ethylenediamine  for  0.5 
hour.  The  glass  was  thereupon  stirred  for  1  hour 
with  a  volume  of  400  ml  of  an  aqueous  0.7  M 
ethylenediamine  solution  neutralized  with  6M 

(0  nitric  acid  to  a  pH  value  of  8.0±0.5.  The  glass 
powder  was  stored  in  a  volume  of  400  ml  of 
neutralized  0.7M  ethylenediamine. 

A  volume  of  50  ml  of  the  treated  glass  powder 
was  rinsed  with  de-ionized  water  and  loaded  into 

!5  a  glass  tube  to  form  a  column  (2.8  cm  diameter,  8 
cm  height).  A  volume  of  5  I  (100  columb  volumes) 
of  a  non-radioactive  feed  solution  containing  50 
mg/l  cobalt  (introduced  as  cobalt  nitrate),  475  mg/ 
I  boron  (introduced  as  boric  acid)  and  115  mg/l 

to  sodium  (introduced  as  sodium  hydroxide)  was 
passed  through  the  column  at  a  flow  rate  of  23  ml/ 
min  (residence  time  2.2  minutes). 

Samples  takes  from  the  influent  and  effluent  of 
the  column  every  20  column  volumes  (1  litre) 

is  gave  consistent  results  of  49.7±2.3)  mg/l  cobalt  in 
the  influent,  less  than  0.005  mg/l  cobalt  in  the 
effluent,  based  on  DC  plasma  spectroscopy. 
Accordingly,  the  separation  factor  through  the 
passage  of  100  column  volumes  of  the  feed 

50  solution  is  higher  than  10,000. 
After  the  passage  of  5  liters  of  influent,  the 

separating  line  between  the  purple  cobalt-loaded 
layer  at  the  top  of  the  column  and  the  colorless 
unexhausted  glass  at  the  bottom  was  still  sharp 

55  and  was  located  5  cm  from  the  top  of  the  column. 
The  column  capacity  was  therefore  at  least  50  mg 
cobalt/cm  or  8  mg  cobalt/ml  of  glass. 

Example  6 
60  Eight  (8)  samples  of  charcoal  pre-treated  with 

various  complexing  agents  have  been  prepared 
as  detailed  below. 

(A)  A  quantity  of  20  ml  of  dry  Activated  Carbon 
Type  UU  (Barneby-Cheney,  Columbus,  Ohio)  was 

65  mixed  with  a  volume  of  80  ml  of  an  aqueous  0.5M 

/ 



13 EP  0 1 7 2   835  B1 14 

TETA  (triethylenetetramine,  Fisher  Scientific  #4- 
410)  solution  for  18  hours.  After  allowing  30 
minutes  for  settling,  the  solution  was  discarded 
and  the  charcoal  mixed  with  another  volume  of 
0.5M  TETA  for  2  hours,  followed  by  another  30 
minutes  for  settling.  The  excess  solution  was 
discarded. 

(B)  A  similar  treatment  was  carried  out  with 
EDA  (ethylenediamine,  Fisher  Scientific  #E-479) 
instead  of  TETA. 

(G)  A  similar  treatment  was  carried  out  with 
DETA  (diethylenetriamine,  Aldrich  Chemical  Co., 
Milwaukee,  Wise.  #D,  385—6)  instead  of  TETA. 

(D)  A  similar  treatment  was  carried  out  with 
TEPA  (tetraethylenepentamine,  Aldrich  Chemical 
#T1,  150-g)  instead  of  TETA. 

(E)  A  similar  treatment  was  carried  out  with 
PEHA  (pentaethylenehexamine,  Fluka  Chemical 
Co.,  Hauppauge,  N.Y.  #76438)  instead  of  TETA. 

(F)  A  similar  treatment  was  carried  out  with 
TEDA  (triethylenediamine,  Eastman  Kodak  Co., 
Rochester,  N.Y.  #P  8076)  instead  of  TETA. 

(G)  A  similar  treatment  was  carried  out  with 
EDTA  (ethylenediamine  tetraacetic  acid  disodium 
salt,  Fisher  Scientific  #So-S-412)  instead  of  TETA 
except  that  a  volume  of  400  ml  of  0.1  M  EDTA  was 
used  in  each  of  the  two  stages  of  the  treatment. 

(H-Comparative)  A  quantity  of  2g  of  1N2N  (1- 
nitroso-2-naphthol,  Aldrich  Chemical  #11, 
469  —  3)  was  dissolved  in  a  volume  of  200  ml  of 
pure  ethyl  alcohol.  A  quantity  of  1  0  ml  of  dry  Type 
UU  activated  carbon  was  added  to  a  volume  of 
100  ml.  of  this  solution  and  mixed  together  for  5 
hours.  After  settling,  the  solution  was  discarded 
and  the  charcoal  was  treated  again  for  5  hours 
with  a  fresh  volume  of  100  ml  of  the  same 
solution.  After  5  more  hours  the  solution  was 
discarded  and  the  charcoal  was  rinsed  with  a 
small  volume  of  cold  de-ionized  water. 

Each  of  the  treated  charcoal  samples  (A)—  (H) 
was  used  to  load  a  column  (1  cm  diameter) 
containing  3  ml  of  treated  charcoal.  A  non-radio- 
active  saline  feed  solution  was  prepared  by  mix- 
ing  together  400  ml  of  synthesized  sea-water 
solution  (see  Example  1)  diluted  to  20%  with  de- 
ionized  water,  600  ml  of  a  solution  consisting  of 
3.861  g/L  boric  acid  and  0.043  g/L  borax,  1  g  of 
Turco  Products,  Carson,  Calif.  TD-4324  detergent 
(consisting  mainly  of  ammonium  bicarbonate  and 
sodium  hexametaphosphate),  0.1  g  of  Turco  Pro- 
ducts  TD-4521  detergent  (consisting  mainly  of 
ammonium  oxalate,  oxalic  acid  and  citric  acid), 
and  0.0081  g  of  CoCI2  6H20  (equivalent  to  0.002  g 
Co).  In  each  case,  the  solution  (pH  7.2)  was  passed 
through  the  column  at  a  flow  rate  of  (3.0±0.5)  ml/ 
min. 

Samples  were  taken  every  30  column  volumes 
and  analyzed  for  cobalt  using  DC  plasma  spec- 
trometry.  Approximate  capacities  for  cobalt 
removal  were  determined  by  evaluating  the 
number  of  column  volumes  at  which  the  concen- 
tration  of  cobalt  in  the  column  effluent  became 
equal  to  half  its  concentration  in  the  feed  solution 
(i.e.,  a  decontamination  factor  of  2).  The  results 
are  summarized  in  Table  5. 

TABLE  5 
Capacity, 
Column 

Sample  Dopant  Volumes 

A  TETA  425 

B  EDA  275 

C  DETA  310 

D  TEPA  280 

E  PEHA  145 

F  TEDA  115 

G  EDTA  135 

H  (comparative)  1N2N  110 

Example  7 
A  volume  of  20  ml  of  dry  Barneby-Cheney 

Activated  Carbon  Type  UU  was  placed  on  the 
25  bottom  of  a  glass  jar.  Two  glass  vials  were  filled, 

each  with  10  ml  of  pure  triethylenetetramine 
(Fisher  Scientific  #410)  and  placed  on  the  bottom 
of  the  jar.  The  jar  was  loosely  covered  with  a  lid 
and  heated  to  150°C  for  30  minutes.  The  lid  was 

30  tightened  and  the  jar  was  permitted  to  stand  for  6 
hours  at  room  temperature.  It  was  subsequently 
heated  again  to  1  50°C  for  30  minutes,  permitted  to 
stand  16  hours  at  room  temperature  and  48  hours 
at  50°C,  and  rinsed  with  a  small  volume  of  de- 

35  ionized  water.  A  column  experiment  identical 
with  the  ones  described  in  Example  6  was  run 
using  this  charcoal  sample.  The  capacity  for  Co 
was  approximately  100  column  volumes. 

40  Example  8 
A  leached,  washed  porous  glass  powder  was 

prepared  according  to  the  procedure  detailed  in 
Example  5,  except  that  the  grain  size  used  was 
-45+80  mesh.  Four  (4)  samples  of  this  glass 

45  treated  with  various  complexing  agents  were 
prepared  as  described  below 

(A)  A  volume  of  20  ml  of  leached,  washed  glass 
powder  was  mixed  for  30  minutes  with  100  ml  of 
an  aqueous  20  g/L  TETA  (tetraethylenetriamine, 

so  Fisher  Scientific  #T-410)  solution. 
(B)  A  similar  treatment  was  carried  out  with  20 

g/L  TEPA  (tetraethylenepentamine,  Aldrich 
Chemical  #T1-150-9)  instead  of  TETA. 

(C)  A  similar  treatment  was  carried  out  with  20 
55  g/L  PEHA  (pentaethylenehexamine,  Fluka  AG 

#76438)  instead  of  TETA. 
(D)  Another  volume  of  the  same  glass  powder 

was  treated  under  similar  conditions  with  DETA 
(diethylenetriamine,  Aldrich  Chemical  #9, 

60  385—6). 
Column  experiments  identical  with  the  ones 

described  in  Example  6  were  run  using  these  four 
glass  samples.  The  results  are  summarized  in 
Table  6. 

65 
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Capacity, 
Column 

Sample  Dopant  volumes 

A  TETA  925 

B  TEPA  815 

C  PEHA  365 

D  DETA  295 

xample  9 
The  experiment  detailed  in  Example  6  was 

speated  using  the  TETA-treated  charcoal 
escribed  in  paragraph  A  of  Example  6  and  an 
tentical  feed  solution  except  for  the  absence  of 
obalt  and  the  presence  of  11.2  mg/L  chromate 
squivalentto  5  mg/L  Cr)  introduced  as  K2Cr04.  All 
ither  conditions  of  the  experiment  were  identical 
yith  those  described  in  Example  6.  The  capacity 
or  chromate  was  found  to  be  185  column 
olumes. 

■xample  10 
A  solution  consisting  of  4.39  g/L  boric  acid, 

I.066  g/L  borax  and  0.031  g/L  NaCI  (pH  6.8)  was 
>assed  through  two  separate  columns.  The  top 
jart  of  Column  A  consisted  of  a  volume  of  2.5  ml 
>f  Barneby-Cheney  Type  UU  charcoal  loaded  with 
nercury  through  treatment  with  a  solution  of  2.86 
j/L  H3BO3+0.338  g/L  HgCI2+0.087  g/L  NaOH  as 
iescribed  in  our  United  States  patent  application 
serial  No.  517,472,  filed  July  28,  1983,  which  is  a 
:ontinuation-in-part  of  Serial  No.  408,162,  filed 
Vjgust  16,  1982  and  which  has  been  published  as 
JS  4659477.  The  bottom  part  of  Column  A  con- 
sisted  of  2.5  ml  of  untreated  Type  UU  charcoal, 
rhe  top  part  of  Column  B  was  identical  with  the 
:op  part  of  Column  A,  but  its  bottom  part  con- 
sisted  of  2.5  ml  of  Type  UU  charcoal  pre-treated 
with  triethylenetetramine  according  to  the  proce- 
dure  detailed  in  Example  1. 

The  feed  solution  was  passed  through  each  of 
the  columns  at  a  flow  rate  of  2.5  ml/min.  The 
affluents  of  the  two  columns  were  analyzed  for 
Hg,  and  the  results  are  given  in  Table  7. 

inuui.  / 
Hg  concentration  in 

□lume  passed  effluent 
ml  Tnl  A  Col.  B MIL.  i-\  >_w..  — 

500  0.18  0.08 

2000  0.12  0.17 

2500  0.28  0.12 

3000  0.39  0.05 

3500  1.29  0.05 

4000  2.30  0.05 

4500  1.99  0.06 

5000  2.85  0.12 

1  ne  preseniits  ui  u  wuiyiBi  ibwu  o  i=-u  =ou,u 
charcoal  is  observed  to  suppress  the  leakage  of 
mercury  from  the  Hg-treated  charcoal. 

5 
Example  11 

A  leached,  washed  porous  glass  powder  was 
prepared  according  to  the  procedure  detailed  in 
Example  5  without  the  ethylenediamine  treat- 

0  ment.  A  volume  of  50  ml  of  leached,  washed  glass 
powder  was  mixed  with  a  volume  of  200  ml  of  an 
aqueous  2M  ethylenediamine  (Fisher  Scientific 
#E-479)  solution  for  2  hours  at  55°C,  then  with  200 
ml  of  fresh  2M  ethylenediamine  solution  for  2 

is  days  at  room  temperature,  washed  with  a  1M 
ethylenediamine  solution  neutralized  with  dilute 
NHO3  to  pH  8  and  left  to  stand  in  this  solution  for 
10  days  at  room  temperature.  A  volume  of  5  ml  of 
this  glass  was  placed  in  a  column  (1  cm2  cross- 

10  section)  and  washed  with  300  ml  of  de-ionized 
water.  A  feed  solution  consisting  of  10  mg/L  Au 
(as  gold  chloride  in  HCI)  and  920  mg/L  NaN03  (pH 
3.0)  was  passed  through  the  column  at  a  flow  rate 
of  8.5  ml/min.  The  effluent  was  analyzed  for  gold 

ts  by  means  of  DC  plasma  spectrometry.  The  results 
are  given  in  Table  8. 

I  MULL  u 
■><j  _.0iumn  volumes 

5  0.03 
15  0.05 
20  0.07 

55  30  0.10 
40  0.14 
50  0.35 
60  1-27 
80  6.92 

60  Influent  9-08 

example  i_. 
65  A  solution  of  1  1  .44  g/L  of  boric  acid,  0.040  g/L  of 

s  
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Al  (introduced  as  aluminum  chloride)  at  pH  5.2  was 
passed  through  a  column  of  1.5  ml  Activated 
Carbon  (Fisher  Scientific  #05  —  685A)  treated  with 
triethylenetetramine  as  detailed  in  Example  1  at  a 
flow  rate  of  3  ml/min.  The  effluent  was  analyzed  for 
Al  by  means  of  DC  plasma  spectrometry.  The 
capacity  of  the  column  for  Al  (i.e.,  the  point  at 
which  the  Al  concentration  in  the  effluent  reached 
one-half  of  its  value  in  the  feed  solution)  was  found 
to  be  535  column  volumes. 

Claims 

1  .  A  process  for  removing  metal  species  selected 
from  the  metals  of  Groups  Ilia  to  IVb  inclusive  of 
the  Period  Table,  the  actinides  and  the  rear  earth 
metals  from  an  aqueous  solution  which  process 
comprises  passing  the  solution  over  a  composi- 
tion  characterised  in  that  the  composition  com- 
prises  (a)  a  porous  support  having  interconnected 
pores  comprising  silicate  glass  or  silica  gel  and  (b) 
a  complexing  agent  contained  by  the  support  and 
being  a  water  soluble  alkylene  amine  having  2  to  5 
amine  groups  which  is  capable  of  forming  a  stable 
complex  with  said  metal  species  and  being 
present  in  an  amount  effective  to  complex  said 
metal  species. 

2.  A  process  as  claimed  in  claim  1  in  which  the 
porous  support  is  silicate  glass  or  silica  gel  having 
a  silicon  dioxide  content  of  at  least  82  mol  percent. 

3.  A  process  for  removing  metal  species  selected 
from  the  metals  of  Groups  Ilia  to  IVb  inclusive  of 
the  Period  Table,  the  actinides  and  the  rare  earth 
metals  from  an  aqueous  solution  which  process 
comprises  passing  the  solution  over  a  composi- 
tion  characterised  in  that  the  composition  com- 
prises  (a)  a  porous  support  having  interconnected 
pores  comprising  charcoal  and  (b)  a  complexing 
agent  contained  by  the  support  and  being  a  water 
soluble  alkylene  amine  having  2  to  5  amine  groups 
which  is  capable  of  forming  a  stable  complex  with 
said  metal  species  and  being  present  in  an  amount 
effective  to  complex  said  metal  species. 

4.  A  process  as  claimed  in  claim  3  in  which  the 
porous  support  is  charcoal  having  a  specific  area 
in  the  range  from  500  to  2000  m2/g. 

5.  A  process  as  claimed  in  any  one  of  claims  1  to 
4  wherein  said  metal  species  comprises  cobalt. 

6.  A  process  as  claimed  in  any  one  of  claims  1  to 
5  in  which  said  amine  complexing  agent  has  2  to  8 
carbon  atoms  and  a  carbon  atom  to  amine  group 
ratio  of  2:  1  or  less. 

7.  A  process  as  claimed  in  any  one  of  claims  1  to 
6  in  which  the  aqueous  solution  also  contains 
chloride  and  sulfate  ions. 

8.  A  process  as  claimed  in  any  one  of  claims  1  to 
7  in  which  the  aqueous  solution  also  contains  ions 
selected  from  Na,  K,  Ca  and  Mg. 

9.  A  process  as  claimed  in  any  one  of  claims  1  to 
8  in  which  the  amine  complexing  agent  is  tri- 
ethylenetetramine. 

10.  A  process  as  claimed  in  any  one  of  claims  1  to 
9  in  which  said  composition  is  in  a  packed  column. 

11.  An  article  for  removing  metal  species  from 
aqueous  solution  which  comprises  a  canister  and 

a  composition  which  comprises  a  porous  support 
having  interconnected  pores  comprising  silicate 
glass,  silica  gel  or  charcoal  and  an  amine  complex- 
ing  agent  contained  by  the  support  and  being  a 

5  water  soluble  alkylene  amine  having  2  to  5  amine 
groups  which  is  capable  of  forming  a  stable 
complex  with  said  metal  species  and  being 
present  in  an  amount  effective  to  complex  said 
metal  species. 

10 
Patentansprtiche 

1.  Verfahren  zum  Entfernen  von  Metallarten  der 
Gruppen  Ilia  bis  IVb  des  Periodensystems  der 

w  Aktiniden  und/oder  der  Seltenerdmetalle,  aus 
einer  wassrigen  Losung,  wobei  das  Verfahren  das 
Leiten  der  Losung  uber  eine  Zusammensetzung 
umfaSt,  dadurch  gekennzeichnet,  dafJ  die  Zusam- 
mensetzung  umfafit  a)  einen  porosen  Trager  mit 

20  miteinander  verbundenen  Poren,  die  aus  Silikat- 
glas  oder  Silikagel  besteht  und  b)  einen  Komplex- 
bildner,  der  durch  den  Trager  gehalten  ist  und  der 
ein  wasserlosliches  Alkylenamin  mit  zwei  bis  funf 
Aminogruppen  ist,  das  geeignet  ist,  einen  Stabil- 

25  den  Komplex  mit  den  Metallarten  zu  bilden  und  in 
einer  Menge  vorhanden  ist,  die  ausreicht,  um  die 
Komplexbildung  mit  den  Metallarten  zu  bewirken. 

2.  Verfahren  nach  Anspruch  1  ,  in  dem  der  porose 
Trager  ein  Silikatglas  oder  Silikagel  mit  einem 

30  Siiiziumdioxidgehaltvon  wenigstens82  mol-%  ist. 
3.  Verfahren  zum  Entfernen  von  Metallarten  der 

Gruppen  Ilia  bis  IVb  des  Periodensystems  der 
Aktiniden  und/oder  der  Seltenerdmetalle  aus  einer 
wassrigen  Losung,  wobei  das  Verfahren  das  Lei- 

35  ten  der  Losung  uber  eine  Zusammensetzung 
umfafSt,  dadurch  gekennzeichnet,  daf_  die  Zusam- 
mensetzung  umfalSt  a)  einen  porosen  Trager  mit 
miteinander  verbundenen  Poren,  der  aus  Holz- 
kohle  besteht  und  b)  einen  Komplexbildner,  der 

40  durch  den  Trager  gehalten  ist  und  der  ein  wasser- 
losliches  Alkylenamin  mit  zwei  bis  funf  Amino- 
gruppen  ist,  das  geeignet  ist,  einen  stabilen  Kom- 
plex  mit  den  Metallarten  zu  bilden  und  in  einer 
Menge  vorhanden  ist,  die  ausreicht,  um  die  Kom- 

45  plexbildung  mit  den  Metallarten  zu  bewirken. 
4.  Verfahren  nach  Anspruch  3,  in  dem  der  porose 

Trager  Holzkohle  mit  einer  wirksamen  Oberflache 
in  einem  Bereich  von  500  bis  2000  m2/g  ist. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  4, 
50  in  dem  die  Metallart  Kobalt  umfalSt. 

6.  Verfahren  nach  einem  der  Anspruche  1  bis  5, 
in  dem  das  Aminokomplexierungsmittel  zwei  bis 
acht  Kohlenstoffatome  und  ein  Verhaltnis  von 
Kohlenstoff  zur  Aminogruppe  von  2:1  oder  weni- 

55  ger  hat. 
7.  Verfahren  nach  einem  der  Anspruche  1  bis  6, 

in  dem  die  wassrige  Losung  auch  Chlorid-  und 
Sulfationen  enthalt. 

8.  Verfahren  nach  einem  der  Anspruche  1  bis  7, 
60  in  dem  die  wassrige  Losung  auch  lonen,  ausge- 

wahlt  aus  Na,  K,  Ca  und  Mg,  enthalt. 
9.  Verfahren  nach  einem  der  Anspruche  1  bis  8, 

in  dem  das  Aminokomplexierungsmittel  Triathyl- 
entetramin  ist. 

65  10.  Verfahren  nach  einem  der  Anspruche  1  bis  9, 

10 
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i  dem  sich  die  Zusammensetzung  in  einer 
spackten  Saule  befindet. 
11.  Gegenstand  zum  Entfernen  von  Metallarten 

js  einer  wassrigen  Losung,  der  einen  Behalter 
Dwie  eine  Zusammensetzung  umfaSt,  welche 
inen  porosen  Trager  mit  miteinander  verbunde- 
en  Poren,  der  aus  Silikatglas,  Silikagel  oder 
olzkohle  besteht,  sowie  ein  Aminonokomplexie- 
jngsmittel  aufweist,  welches  durch  den  Trager 
ehalten  ist  und  ein  wasserlosliches  Alkylenamin 
lit  zwei  bis  funf  Aminogruppen  ist,  das  geeignet 
it,  einen  stabilen  Komplex  mit  den  Metallarten  zu 
ilden  und  in  einer  Menge  vorhanden  ist,  die 
usreicht,  die  Komplexbildung  mit  den  Metallar- 
sn  zu  bewirken. 

evendications 

1  .  Procede  pour  extraire  d'une  solution  aqueuse 
es  espece  metallique  choisie  parmi  les  metaux 
es  groupes  ilia  a  IVb,  limites  comprises,  du 
ableau  Periodique,  les  actinides  et  les  metaux 
les  terres  rares,  lequel  procede  consiste  a  faire 
lasser  la  solution  sur  une  composition,  caracte- 
ise  en  ce  que  la  composition  comprend  (a)  un 
upport  poreux  comportant  des  pores  intercon- 
lectes  et  comprenant  du  verre  au  silicate  ou  du 
iel  de  silice,  et  (b)  un  agent  complexant  contenu 
lans  le  support  et  etant  constitue  d'une  alkylene- 
imine  soluble  dans  I'eau  comportant  de  2  a  5 
iroupes  amine,  et  a  meme  de  former  un  com- 
>lexe  stable  avec  ladite  espece  metallique,  et 
>resent  en  une  quantite  efficace  pour  complexer 
adite  espece  metallique. 

2.  Procede  selon  la  revendication  1,  dans  lequel 
e  support  poreux  est  constitue  d'un  verre  au 
silicate  ou  d'un  gel  de  silice  ayant  une  teneur  en 
Jioxyde  de  silicium  d'au  moins  82%  en  moles. 

3.  Procede  pour  extraire  d'une  solution  aqueuse 
jne  espece  metallique  choisie  parmi  les  metaux 
tes  groupes  Ilia  a  IVb,  limites  comprises,  du 
rableau  Periodique,  les  actinides  et  les  metaux 
_es  terres  rares,  lequel  procede  consiste  a  faire 
Dasser  la  solution  sur  une  composition,  caracte- 
•ise  en  ce  que  la  composition  comprend  (a)  un 
support  poreux  comportant  des  pores  intercon- 

necxes  et  consuiue  ue  uiiaiuun  uc  uuia  oi  \ui  >-■■ 
agent  complexant  contenu  dans  le  support  et 
constitue  d'une  alkylene-amine  soluble  dans  I'eau 
ayant  de  2  a  5  groupes  amine,  a  meme  de  former 
un  complexe  stable  avec  ladite  espece  metallique 
et  etant  present  en  une  quantite  efficace  pour 
complexer  ladite  espece  metallique. 

4.  Procede  selon  la  revendication  3,  dans  lequel 
le  support  poreux  est  un  charbon  de  bois  ayant 

7  une  aire  specifique  comprise  entre  500  et  2000 
m2/g. 

5.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  dans  lequel  ladite  espece  metallique 
est  le  cobalt. 

5  6.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  5,  dans  lequel  ledit  agent  complexant 
amine  comporte  de  2  a  8  atomes  de  carbone  et 
presente  un  rapport  de  2:1  ou  moins  entre  le 
nombre  d'atomes  de  carbone  et  le  nombre  de 

o  groupes  amine. 
7.  Procede  selon  I'une  quelconque  des  revendi- 

cations  1  a  6,  dans  lequel  la  solution  aqueuse 
contient  aussi  des  ions  chlorure  et  sulfate. 

8.  Procede  selon  I'une  quelconque  des  revendi- 
5  cations  1  a  7,  dans  lequel  la  solution  aqueuse 

contient  aussi  des  ions  choisis  parmi  Na,  K,  Ca  et 
Mg. 

9.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  8,  dans  lequel  I'agent  complexant 

o  amine  est  la  triethylenetetramine. 
10.  Procede  selon  I'une  quelconque  des  reven- 

dications  1  a  9,  dans  lequel  ladite  composition  se 
trouve  dans  une  colonne  garnie. 

11.  Appareil  pour  extraire  une  espece  metalli- 
\5  que  d'une  solution  aqueuse,  qui  comprend  un 

bidon  et  une  composition,  laquelle  comprend  un 
support  poreux  comportant  des  pores  intercon- 
nectes  constitues  de  verre  au  silicate,  de  gel  de 
silice  ou  de  charbon  de  bois  et  un  agent  corn- 

to  plexant  amine,  contenu  dans  le  support  et  etant 
constitue  d'une  alkylene-amine  soluble  dans  I'eau 
comportant  2  a  5  groupes  amine,  a  meme  de 
former  un  complexe  stable  avec  ladite  espece 
metallique,  et  present  en  une  quantite  efficace 

f5  pour  complexer  ladite  espece  metallique. 
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