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Description 

This  invention  relates  to  a  process  for  treating 
waste  water,  e.g.  industrial  waste  water. 

Before  discharging  waste  water  into  the  sur- 
rounding  environment,  it  is  nowadays  highly  neces- 
sary  to  purify  it  so  that  pollution  may  be  reduced. 
Domestic  waste  water  which  is  usually  composed  of 
waterborne  wastes  derived  from  household  uses  and 
light  industries  can  be  sufficiently  cleaned  by  existing 
waste  water  purification  plants. 

A  process  for  treating  sewage  in  such  plants  usu- 
ally  comprises  a  step  of  oxidizing  the  organic  material 
present  in  the  sewage  as  well  as  reducing  the  amount 
of  inorganics  and  inactivating  pathogenic  con- 
stituents.  This  step  is  usually  of  a  biological  nature 
and  most  commonly  includes  treating  effluents  with 
activated  sludges  in  an  aeration  tank.  The  microbial 
components  of  activated  sludges  consist  of  a  variety 
of  bacteria,  fungi,  protozoa  and  algae  and  are  derived 
from  the  sewage  itself.  Advantageously,  the  effluents 
are  neutralized  before  being  biologically  purified.  As 
a  particular  example,  a  purification  process  carried 
out  in  waste  water  purification  plants  conventionally 
comprises  in  sequence  neutralizing,  clarifying, 
biologically  purifying  and  again  clarifying  the 
effluents.  Thus,  by  waste  water  purification  plant  is 
meant  hereinafter  a  plant  in  which  the  waste  water  is 
treated  in  sequence  by  neutralization,  clarification, 
biological  purification  and  again  clarification. 

In  contrast  to  the  general  uniformity  of  subst- 
ances  found  in  domestic  waste  water,  industrial  waste 
water  shows  increasing  variation  as  the  complexity  of 
industrial  processes  rises.  By-products  from  e.g.  dye- 
ing,  food  processing,  textile  or  paper  industries  are 
not  easily  degradable  by  biological  processes  and 
must  be  removed  from  waste  water  before  or  after 
carrying  out  a  conventional  treatment,  so  that  the 
waste  water  can  be  discharged  into  surface  waters  or 
be  reused  without  risk  of  pollution. 

The  quality  of  water  is  conveniently  expressed  by 
the  content  of  total  organic  carbon  (TOC)  and  of  dis- 
solved  organic  carbon  (DOC)  as  well  as  by  the  con- 
tent  of  refractory  organic  carbon  (ROC)  which 
represents  the  organic  part  which  is  hardly  or  not  at 
all  bio-degradable. 

It  has  been  found  that,  in  addition  to  a  conven- 
tional  treatment  comprising  at  least  one  biological 
purifying  step,  very  effective  purification  of  industrial 
waste  water  is  achieved  if  the  contaminated  waste 
waster  is  submitted  to  at  least  two  of  the  following 
treatment  in  any  order:  adsorption,  membrane  fil- 
tration  and  oxidation  before  passing  through  a  con- 
ventional  biological  waste  water  purification  plant. 

Accordingly,  the  invention  provides  a  process  for 
treating  waste  water  comprising  pre-treating  the 
waste  water  with  at  least  two  different  pre-treatments 
selected  from  adsorption,  membrane  filtration  and 

oxidation  and  then,  biologically  purifying  the  waste 
water. 

Preferably,  the  process  comprises  pre-treating 
the  waste  water  with  at  least  two  different  pre-treat- 

5  ments  selected  from  adsorption,  membrane  filtration 
and  oxidation  and  treating  the  waste  water  in  a 
biological  plant.  It  is  also  particularly  preferred  that 
one  of  the  two  pre-treatments  be  adsorption. 

The  membranes  used  to  separate  the  dissolved 
10  substances  may  be  hyper-,  nano-  or  ultrafiltration 

membranes.  However,  they  are  preferably  nanofil- 
tration  membranes  (NF)  which  have  a  selectivity  lying 
between  that  of  the  hyperf  iltration  membranes  (also 
called  reverse  osmosis  (RO)  membranes)  and  that  of 

15  the  ultrafiltration  (UF)  membranes.  These  nanofil- 
tration  membranes  (also  called  transitional  mem- 
branes)  which  should  lie  within  the  transitional  range 
of  RO  and  US  allow,  to  a  greater  or  lesser  extent,  the 
passage  of  low  molecular  weight,  water-soluble  inor- 

20  ganic  substances,  especially  salt,  while  low  molecular 
weight  organic  substances  with  a  molecular  weight  of 
more  than  500  Daltons  are  more  or  less  totally 
retained.  The  retention  coefficient  of  these  mem- 
branes  also  depends  on  hydrophilic/hydrophobic 

25  properties  of  the  substances  to  be  filtered.  Usually 
hydrophobic  substances  are  preferably  retained. 
Such  membranes  are  generally  characterized  by  a 
retention  coefficient  e.g.  for  NaCI  of  almost  0%  and 
for  Na2S04  of  about  20%. 

30  It  has  now  been  found  that  not  only  do  these 
membranes  have  generally  a  good  retention  for 
organic  waste  water  contaminants,  but  they  are  also 
very  effective  in  selectively  retaining  materials  which 
are  removed  by  adsorption  e.g.  on  active  charcoal, 

35  with  difficulty  or  not  at  all. 
Membrane  filtration  is  generally  effected  under  a 

pressure  from  5  to  80  Bar,  preferably  1  0  to  40  Bar,  and 
at  a  temperature  from  5  to  95°C,  preferably  20  to 
60°C.  These  membranes  may  be  used  in  either  con- 

40  tinuous  or  discontinuous  process. 
If  the  type  and  the  concentration  of  the  harmful 

materials  in  the  waste  water  to  be  purified  is  such  that 
it  is  desirable  to  remove  them  sequentially,  membrane 
filtration  can  also  be  carried  out  in  several  steps, 

45  whereby  the  selectivity  of  the  membranes-employed 
is  adapted  to  the  make-up  of  the  waste  water,  as 
regards  quality  and  concentration  of  harmful  material. 
Within  the  flow  of  the  waste  water,  membranes  of  dif- 
ferent  permeability  and/or  operated  at  different  press- 

so  ures  are  connected  in  series  so  that  separation  of  the 
harmful  materials  takes  place  in  fractions. 

In  accordance  with  the  invention,  it  has  also  been 
found  that  organic  components  which  are  scarcely 
retained  by  membrane  filtration  can  be  adsorbed  very 

55  easily.  Indeed  the  adsorptive  treatment  is  particularly 
suitable  for  removing  the  ROC  substances  as  well  as 
organic  impurities. 

Adsorption  is  advantageously  carried  out  by 
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using  adsorption  resins,  metal  oxides,  ion  exchan- 
gers,  filtering  earths  and  various  kinds  of  carbon. 
Suitable  adsorption  resins  are  polystyrene  or  acrylic 
ester  resins,  preferably  Amberlite  polymeric  resins 
commercialized  by  Rohm  and  Haas  (XAD  type).  A 
preferred  metal  oxide  is  Al203.  Most  preferably, 
adsorption  is  effected  on  a  column  of  granulated 
active  charcoal,  constructed  as  a  sliding  bed. 

Oxidation  is  suitable  for  substantially  degrading 
organic  materials  and  more  particularly  ROC  subst- 
ances  which  are  then  converted  into  biologically  deg- 
radable  compounds.  Furthermore,  after  an  oxidative 
treatment,  the  remaining  ROC  substances  are  subse- 
quently  adsorbed  with  higher  selectivity.  Part  of  the 
organic  materials  can  also  be  oxidized  into  carbon 
dioxide  and  water. 

Suitable  oxidizing  agents  for  use  in  the  present 
invention  are  e.g.  ozone,  chlorine,  sodium  hypochlo- 
rite  or  hydrogen  peroxide,  the  latter  being  preferred. 
Oxidation  with  hydrogen  peroxide  is  advantageously 
carried  out  in  the  presence  of  catalytic  amounts  of  a 
cation  e.g.  copper,  aluminum,  zinc  or  iron,  the  last 
being  preferred.  Fe(OH)3,  Fe203,  FeCI3,  Fe2(S04)3, 
FeO,  Fe(OH)2,  FeCI2  and  FeS04.7H20  are  suitable 
catalysts,  those  in  which  the  iron  cation  is  in  Fe++form 
being  preferred.  FeS04.7H20  is  particularly  prefer- 
red.  The  molecular  ratio  between  H202  (35%  V7V)  and 
iron  compound  is  advantageously  from  30:1  to  3:1, 
preferably  from  20:1  to  10:1. 

The  pH  and  the  temperature  of  the  waste  water  to 
be  oxidized  are  relatively  unimportant  and  may  be  in 
general  from  pH  1  to  12,  preferably  from  pH  2  to  12, 
most  preferably  from  pH  3  to  5  and  from  20  to  60°C, 
preferably  from  20  to  40°C. 

Example  1 

A  process  waste  water  from  dyestuff  production 
had  a  pH  about  2  and  was  almost  opaque  in  a  layer 
thickness  of  2  cm.  It  contained  1.8  g/l  TOC  made  up 
by  1.75  g/l  DOC  and  0.78  g/l  ROC. 

After  removal  of  the  non-soluble  particles  by  con- 
ventional  filtration,  the  waste-water  was  added  to  a 
column  of  active  charcoal.  Filtration  was  operated 
over  a  30  min.  period  of  time  through  4  I  of  charcoal 
per  m3  waste  water. 

Then  the  column  flow  through  was  applied  to  a 
membrane  characterized  by  a  retention  capacity 
MWCO  for  NaCI  about  0%  and  for  Na2S04  about  20%, 
at  20-30  Bar  pressure.  The  flow  of  permeate  through 
the  membrane  was  about  10  to  40  l/m2  surface/hour. 

The  permeate  so  obtained  was  then  suitable  for 
further  biological  purification  since  the  color  and  the 
TOC-content  were  reduced  by  92-98  and  34-40%  re- 
spectively.  The  bio-degradability  (OECD)  was  raised 
from  66%  to  99%. 

Example  2 

A  deeply  dyed  process  waste  water  from  dyestuff 
production  was  collected  in  a  tank  during  the  course 

5  of  one  day.  It  had  a  pH  of  2.5  and  contained,  after 
removal  of  the  undissolved  substances,  1  .47  g/l  TOC, 
36%  of  which  was  not  bio-degradable. 

This  waste  water  was  applied  to  a  membrane 
which  had  the  characteristics  set  out  in  Example  1, 

10  under  conditions  described  in  Example  1.  The  per- 
meate  subsequently  obtained  was  then  mixed,  in  con- 
tinuous  operation,  whilst  stirring,  with  0.35  kg 
FeS04.(7H20)  and  subsequently  3.5  kg  H202  (35% 
V7V)  per  m3  of  waste  water. 

15  At  this  stage,  the  waste  water  thus  obtained  was 
suitable  for  biological  purification  as  the  color  and  the 
TOC  content  were  reduced  by  76  and  52%,  respect- 
ively.  The  bio-degradability  (OECD)  was  raised  from 
64  to  86%. 

20 
Example  3 

A  slightly  dyed  process  waste  water  from  the  pro- 
duction  of  intermediate  dyestuff  products  was  collec- 

25  ted  in  a  tank,  the  pH  of  this  waste  water  being  about 
4.  It  contained  24.5  g/l  TOC,  47%  of  which  was  not 
bio-degradable. 

The  waste  water  was  first  heated  to  30-40°C. 
Whilst  stirring  and  cooling  with  ice  to  maintain  the 

30  internal  temperature  at  30-40°C,  1  5  kg  FeS04.(7H20) 
and  subsequently  89  kg  H202  (35%  V7V)  were  added 
per  m3  of  waste  water.  H202  was  mixed  portionwise. 

After  removal  of  the  non-soluble  particles  by  con- 
ventional  filtration,  the  waste  water  was  applied  on  a 

35  column  of  granulated  active  charcoal  having  a  loose 
weight  of  402  g/l  and  a  surface  of  1200  m2/g  40  I  of 
charcoal  were  needed  for  treating  one  m3  waste 
water.  The  filtration  was  operated  over  a  120  min. 
period  of  time. 

40  The  column  flow  through  was  then  suitable  for 
further  biological  purification  as  the  color  and  the 
TOC  content  were  reduced  by  77%  and  37%  respect- 
ively  in  comparison  to  the  untreated  waste  water.  The 
bio-degradability  was  also  improved  from  53  to  92%. 

45 
Example  4 

Various  deeply  dyed  waste  waters  from  dyestuff 
production  were  collected  together  in  a  tank  during 

so  the  course  of  one  day.  The  pH  of  the  final  waste  water 
mixture  was  about  2.  This  waste  water  contained  1.65 
g/l  TOC,  43%  of  which  was  not  bio-degradable. 

The  waste  water  was  adjusted  to  pH  4  by  adding 
NaOH  and  heated  to  30-40°C.  Whilst  stirring,  1  .04  kg 

55  FeS04.(7H20)  and  subsequently  6  kg  H202  (35% 
V7V)  were  added  per  m3  of  waste  water.  H202  was 
mixed  portionwise. 

After  removal  of  the  non-soluble  particles,  the 

3 
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waste  water  was  applied  to  a  column  of  granulated 
active  charcoal  having  a  loose  weight  of  402  g/l  and 
an  active  surface  of  1200  m2/g  6  I  of  charcoal  were 
needed  for  treating  on  m3  of  waste  water.  The  filtration 
was  operated  over  a  30  min.  period  of  time. 

The  column  flow  through  was  then  suitable  for 
further  biological  purification  as  the  color  and  the 
TOC  content  were  reduced  by  89  and  42%  respect- 
ively.  The  bio-degradability  was  improved  from  57  to 
89%  as  measured  in  the  Husmann  test. 

Example  5 

Various  deeply  dyed  waste  waters  from  dyestuff 
production  were  collected  together,  the  final  mixture 
having  a  pH  of  2.9.  The  TOC  content  was  1  .38  g/l 
made  up  by  1  .26  g  DOC.  33%  of  the  TOC  content  was 
not  bio-degradable. 

After  removal  of  the  non-soluble  particles  by  con- 
ventional  filtration,  the  waste  water  was  applied  to  a 
column  of  granulated  active  charcoal,  having  a  loose 
weight  of  402  g/l  and  an  active  surface  of  1200  m3/g. 
1  0  1  charcoal  were  needed  for  treating  one  m3  of  waste 
water.  The  filtration  was  operated  over  a  30  min. 
period  of  time. 

Then,  the  column  flow  through  was  adjusted  to 
pH  4  with  NaOH  and  heated  to  30°C.  Whilst  stirring, 
0.26  kg  FeS04.(7H20)  and  subsequently  1.5  kg  H202 
(35%  V/V)  were  added  per  m3  of  waste  water.  H202 
was  mixed  portionwise. 

The  waste  water  so  obtained  was  then  suitable  to 
be  further  biological  purification  as  the  color  and  the 
TOC  content  were  reduced  by  74  and  49%  respect- 
ively.  The  bio-degradability  was  raised  from  67  to  83% 
as  measured  in  the  Husmann  test. 

Claims 

1  .  A  process  for  treating  waste  water  which  com- 
prises  pre-treating  the  waste  water  with  at  least  two 
different  pre-treatments  selected  from  adsorption, 
membrane  filtration  and  oxidation  and  then,  biologi- 
cally  purifying  the  waste  water. 

2.  A  process  according  to  Claim  1,  in  which  one 
of  the  two  treatments  preceding  the  biological  purifi- 
cation  step  is  adsorption. 

3.  A  process  according  to  Claim  1  or  2,  in  which 
adsorption  is  carried  out  on  active  charcoal. 

4.  A  process  according  to  Claim  1  or  2,  in  which 
filtration  is  operated  on  nanof  iltration  membrane. 

5.  A  process  according  to  Claim  4,  in  which  the 
nanof  iltration  membrane  is  characterized  by  a  reten- 
tion  capacity  of  NaCI  of  almost  0%  and  for  Na2S04  of 
about  20%. 

6.  A  process  according  to  any  one  of  the  Claims 
1  to  5,  in  which  the  membrane  filtration  is  carried  out 
in  several  steps  whereby  the  selectivity  of  the  mem- 

branes  employed  is  adapted  to  the  make-up  of  the 
waste  water,  as  regards  quality  and  concentration  of 
harmful  materials  by  using  different  membrane  types 
and  operating  pressures. 

5  7.  A  process  according  to  any  one  of  the  Claims 
1  ,  2  and  3  to  6,  in  which  oxidation  is  operated  with 
H202  in  the  presence  of  catalytic  amounts  of  a  cation 
selected  from  copper,  aluminum,  zinc  and  iron. 

8.  A  process  according  to  Claim  7,  in  which  the 
10  cation  is  Fe++  as  provided  by  FeS04.7H20. 

9.  A  process  according  to  Claim  8,  in  which  the 
molecular  ratio  between  H202  (35%  V/V)  and 
FeS04.7H20  is  from  30:1  to  3:1. 

15 
Revendications 

1.  Un  precede  de  traitement  des  eaux  residuai- 
res,  qui  comprend  le  pre-traitement  des  eaux  resi- 

20  duaires  par  au  moins  deux  traitements  primaires 
differents  choisis  parmi  I'adsorption,  la  filtration  sur 
membranes  et  I'oxydation,  et  ensuite  la  purification 
biologique  des  eaux  residuaires. 

2.  Un  procede  selon  la  revendication  1,  dans 
25  lequel  I'un  des  deux  traitements  precedant  I'etape  de 

purification  biologique  est  I'adsorption. 
3.  Un  procede  selon  la  revendication  1  ou  2,  dans 

lequel  I'adsorption  est  effectuee  surdu  charbon  actif. 
4.  Un  procede  selon  la  revendication  1  ou  2,  dans 

30  lequel  la  filtration  est  effectuee  sur  membrane  de 
nanof  iltration. 

5.  Un  procede  selon  la  revendication  4,  dans 
lequel  la  membrane  de  nanof  iltration  est  caracterisee 
par  une  capacite  de  retention  de  NaCI  de  presque  0% 

35  et  pour  Na2S04  d'environ  20%. 
6.  Un  procede  selon  I'une  quelconque  des  reven- 

dications  1  a  5,  dans  lequel  la  filtration  sur  membra- 
nes  est  effectuee  en  plusieurs  etapes,  la  selectivity 
de  la  membrane  utilisee  etant  adaptee  a  la  composi- 

40  tion  des  eaux  residuaires  en  ce  qui  concerne  la  qua- 
lite  et  la  concentration  en  matieres  nocives,  en 
utilisant  differents  types  de  membranes  et  en  operant 
a  differentes  pressions. 

7.  Un  procede  selon  I'une  quelconque  des  reven- 
45  dications  1,  2  et  3  a  6,  dans  lequel  I'oxydation  est 

effectuee  avec  H202  en  presence  de  quantites  cata- 
lytiques  d'un  cation  choisi  parmi  le  cuivre,  I'alumi- 
nium,  le  zinc  et  le  fer. 

8.  Un  procede  selon  la  revendication  7,  dans 
so  lequel  le  cation  est  Fe++  tel  que  fourni  par 

FeS04.7H20. 
9.  Un  procede  selon  la  revendication  8,  dans 

lequel  le  rapport  moleculaire  entre  H202  (35%  V/V)  et 
FeS04.7H20  est  de  30:  1  a  3:  1  . 

55 
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Patentanspriiche 

1  .  Verfahren  zur  Behandlung  von  Abwassern,  da- 
durch  gekennzeichnet,  dass  man  diese,  vor  der  kon- 
ventionellen  biologischen  Reinigung,  mindestens  5 
zwei  aus  den  folgenden  Prozessen,  Adsorption, 
Membranfiltration  und  Oxidation  zuftihrt. 

2.  Verfahren  gemass  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dass  einer  der  mindestens  zwei  Pro- 
zesse  die  Adsorption  ist.  10 

3.  Verfahren  gemass  Anspruch  1  oder2,  dadurch 
gekennzeichnet,  dass  die  Adsorption  an  Aktivkohle 
durchgeftihrt  wird. 

4.  Verfahren  gemass  Anspruch  1  oder2,  dadurch 
gekennzeichnet,  dass  die  Filtration  mit  Hilfe  von  Na-  15 
nof  iltrations-Membranen  durchgeftihrt  wird. 

5.  Verfahren  gemass  anspruch  4,  dadurch  ge- 
kennzeichnet,  dass  die  verwendete  Nanofiltrations- 
Membrane  ein  Zuruckhaltevermogen  fur  NaCI  von 
etwa  0%  und  fur  Na2S04  von  etwa  20%  hat.  20 

6.  Verfahren  gemass  einem  der  anspruche  1  bis 
5,  dadurch  gekennzeichnet,  dass  die  Membranfiltra- 
tion  in  mehreren  Stufen,  mit  verschiedenen  Mem- 
bran-Typen,  die  der  Zusammensetzung  beztiglich 
Qualitat  und  Konzentration  der  Schadstoffe  in  ihrer  25 
Selektivitat  angepasst  sind,  durchgeftihrt  wird. 

7.  Verfahren  gemass  einem  der  Anspruche  1,  2 
und  3  bis  6,  dadurch  gekennzeichnet,  dass  die  Oxida- 
tion  mit  H202,  in  Gegenwart  katalytischer  Mengen  ei- 
nes  Kations  aus  der  Gruppe  Kupfer,  Aluminium,  Zink  30 
und  Eisen,  durchgeftihrt  wird. 

8.  Verfahren  gemass  Anspruch  7,  dadurch  ge- 
kennzeichnet,  dass  als  Kation  Fe++,  in  Form  von  Fe- 
S04.7H20  eingesetzt  wird. 

9.  Verfahren  gemass  Anspruch  8,  dadurch  ge-  35 
kennzeichnet,  dass  das  molekulare  Verhaltnis  zwi- 
schen  H202  (35%-ig)  und  FeS04.7H20  von  30:1  bis 
3:1  ist. 
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