
European  Patent  Office  ©  Publication  number:  0  0 0 0   2 3 0  
Office  europeen  des  brevets  A1  

©  EUROPEAN  PATENT  APPLICATION 

@  Application  number:  78200057.4  »  ©  Int.  CI.2:  C  02  C  3 /00 ,   A  23  J  1 / 0 0  

©  Date  of  filing:  21.06.78 

©  Priority:  27.06.77  NL  7707081  ©  Applicant:  STAMICARBON  B.V., 
Postbus  10, 

©  Date  of  publication  of  application:  NL-6160  MC  Geleen  (NL) 
10.01.79  Bulletin  79/1 

©  Inventor:  Dassen  Bernardus  Henricus  Nicolaas, 
(gj)  Designated  Contracting  States:  Oude  Schachtstraat  36, 

BE  DEffi  GB  SE  Kerkrade  (NL) 

©  Representative:  Van  Leeuwen  H.B.  et  al, 
Octrooibureau  DSM  Postbus  9, 
NL6160  MA  Geleen  (NL) 

©  Process  for  the  biological  purification  of  waste  water  and  process  for  the  recovery  of  N-compounds. 

©  Process  for  the  biological  purification  of  waste  water 
and  process  for  the  recovery  of  N-compounds  including  the 
steps  of  bringing  the  pH  of  the  suspension  of  the  surplus 
sludge  at  a  value  of  between  8  and  11  and  hydrolyzing  it  in 
the  presence  of  a  volatile  base  at  a  temperature  of  between 
90  and  300°C,  which  base  (preferably  NH3)  is  removed  from 
the  hydrolysate  formed  aftertermination  of  the  hydrolysis. 

N-compounds  can  be  recovered  from  the  hydrolysate, 
which  can  also  be  converted  to  cattle  feed. 

Ul'  FIG.2 

Croydon  Printing  Company  Ltd. 

P r o c e s s   for  the  biological  purification  of  waste  water 
and  process  for  the  recovery  of  N-compounds  including  the 
steps  of  bringing  the  pH  of  the  suspension  of  the  surplus 
sludge  at  a  value  of  between  8  and  11  and  hydrolyzing  it  in 
the  presence  of  a  volatile  base  at  a  temperature  of  between 
90  and  300°C,  which  base  (preferably  NH3) is  removed  from 
the  hydrolysate  formed  after termination  ofthe  hydrolysis. 

N-compounds  can  be  recovered  from  the  hydrolysate, 
which  can  also  be  converted  to  cattle  feed. 



The  i n v e n t i o n   r e l a t e s   to  a  process   for  b i o l o g i c a l  

p u r i f i c a t i o n   of  waste  wate r ,   in  which  an  aqueous  suspens ion   of  t h e  

s u r p l u s   s ludge  formed  dur ing   the  p u r i f i c a t i o n   is  h y d r o l y z e d  i n   a 

bas ic   medium  and  at  an  e l e v a t e d   t e m p e r a t u r e .  

A  p rocess   of  th i s   kind  is  known  from  the  N e t h e r l a n d s  

P a t e n t   A p p l i c a t i o n   6 , 9 1 1 , 1 6 3 .   Accord ing   to  th i s   A p p l i c a t i o n   t h e  

s ludge  formed  is  h y d r o l y z e d   with  the  aid  of  sodium  hydroxide  o r ,  

p o s s i b l y ,   ca lc ium  oxide .   The  r e s u l t i n g   so l i d   m a t t e r ,   m a i n l y  

c o n s i s t i n g   of  i n o r g a n i c   s a l t s   and  w a t e r i n s o l u b l e   o rganic   s u b s t a n c e s ,  

l i k e   c e l l   wa l l s   which  are  not,   or  only  p a r t l y ,   hyd ro lyzed ,   i s  

f i l t e r e d   off  and  s u b j e c t e d   to  f u r t h e r   p r o c e s s i n g .   The  h y d r o l y s a t e ,  

which  c o n s i s t s   of  an  aqueous  s o l u t i o n   of  mainly  o rganic   m a t e r i a l  

and  sodium  s a l t s ,   is  r e t u r n e d   to  the  p u r i f i c a t i o n   p l a n t .   A l t h o u g h  

t h i s   p roce s s   produces   a  g rea t   improvement  in  the  d i s p o s a l   o f  

s ludge   from  a  waste  water   p u r i f i c a t i o n   p lan t ,   a  few  d i s a d v a n t a g e s  

are  s t i l l   a t t a c h e d   to  i t .  

Sodium  hydrox ide   is  here  used  for  h y d r o l y s i s   of  s l u d g e ,  

as  a  r e s u l t   of  which  the  h y d r o l y s a t e   con ta in s   r a t h e r   large  q u a n t i -  

t i e s   of  sodium  ions .   During  a  p o s s i b l e   subsequen t   p r o c e s s i n g   of  t h e  

h y d r o l y s a t e ,   which  mainly  c o n s i s t s   of  an  aqueous  s o l u t i o n   o f  

amino  a c i d s ,   o l i g o p e p t i d e s   and  h y d r o l y s i s   p roduc t s   of  c a r b o h y d r a t e s  

and  f a t s ,   these  sodium  ions  p r e s e n t   problems.   The  bas ic   amino  ac ids   a r e  

c o m m e r c i a l l y   i m p a r t a n t   components  of  the  h y d r o l y s a t e .   If  one  wants  t o  



recover  thess from the hydrolysate  by  means  of  s e l e c t i v e   ion  exchange,  a l l  

sodium  ions  p r e s e n t   should  be  removed  f i r s t ,   owing  to  which  th is   . 

p roce s s   becomes  u n a t t r a c t i v e   e c o n o m i c a l l y .  

Moreover,   at  the  t e m p e r a t u r e   and  pH  app l i ed   for  t h e  

h y d r o l y s i s ,   r a c e m i z a t i o n   of  the  amino  ac ids   and  p e p t i d e s   may  o c c u r ;  

This  causes   a  mix ture   of  D-  and  L-amino  a c i d s  t o   form  wh ich ,  

e c o n o m i c a l l y ,   for   i n s t a n c e   as  c a t t l e   feed,   is  l ess   a t t r a c t i v e .  

There  is  not  much  po in t   in  adding  such  a  mixture   of  D-  and  L-amino 

ac ids   to  human  food,  s ince   D-amino  acids   have  no  v a l u e  a s   b u i l d i n g  

m a t e r i a l ,   whi le   a d d i t i o n   of  a  c o n s i d e r a b l e   amount  of  D-amino  a c i d s  

w i l l   not  be  p e r m i t t e d   by  law.  The  only  p o s s i b i l i t y   in  th is   case  i s  

the  r e t u r n   to  the  waste  wate r   p u r i f i c a t i o n   p l a n t ,   which  r e s u l t s   i n  

i n c r e a s e d   i n v e s t m e n t   and  v a r i a b l e   c o s t s .   t 

However,  from  an  e n v i r o n m e n t a l   po in t   of  view  a  p r o c e s s  

of  t h i s   kind  is  not  a t t r a c t i v e   anyway,  because  a l l   sodium  h y d r o x i d e  

used  is  d i s c h a r g e d   in to   the  su r f ace   water   in  the  form  of  sodium 

s a l t s .   This  b r i n g s   moreover  an  e x t r a   consumpt ion   of  chemicals   b e c a u s e  

the  h y d r o l y s a t e ,   p r i o r   to  being  r e t u r n e d   to  the  p l a n t ,   must  f i r s t  

be  n e u t r a l i z e d .   The  pH  value  and  the  q u a n t i t y   of  l i q u i d   are  such  

tha t   i n t e r f e r e n c e   with  the  a c t i o n   of  the  b i o l o g i c a l l y  - a c t i v e  

m i c r o o r g a n i s m s   may  be  the  r e s u l t .  

The  purpose   of  the  i n v e n t i o n   is  to  p rov ide   a  p rocess   i n  

which  these   d i s a d v a n t a g e s   do  not  o c c u r .  

The  p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n   is  c h a r a c t e r i z e d  

in  t ha t   the  s u s p e n s i o n   of  the  s ludge  is  given  a  pH  value  of  be tween  

8  and  11  and  t ha t   h y d r o l y s i s   is  c a r r i e d   out  in  the  presence   of  a 

v o l a t i l e   base  at  a  t e m p e r a t u r e   of  between  90  and  300  °C,  which  b a s e  

is  expel led  from  the  h y d r o l y s a t e   formed  a f t e r   the  h y d r o l y s i s   h a s  

been  t e r m i n a t e d .   By  p r e f e r e n c e ,   ammonia  or  a  bound  form  t he reo f   ( e . g .  

ammonium  c a r b o n a t e )   is  a p p l i e d   for   v o l a t i l e   base.   The  ammonia  t h a t  

has  been  removed  from  the  h y d r o l y s a t e   is  r e t u r n e d   to  the  h y d r o l y s i s  

s t a g e .   The  h y d r o l y s i s   i s ,   p r e f e r a b l y ,   c a r r i e d   out  at  a  t e m p e r a t u r e  

of  between  90  an  200  °C.  

A  p r o c e s s   of  t h i s   kind  b r ings   g r e a t   advantages   over  known 

p r o c e s s e s .   S ince ,   at  the  pH  value  a p p l i e d ,   p r a c t i c a l l y   no  r a c e m i z a t i o n  



of  amino  acids   o c c u r s ,   a  h y d r o l y s a t e   is  o b t a i n e d   which  m a i n l y  

c o n t a i n s   the  amino  acids   and  o l i g o p e p t i d e s   o c c u r r i n g   in  n a t u r e .  

It  is  s u r p r i s i n g   tha t   i t   is  p o s s i b l e   to  h y d r o l y z e  

mic roo rgan i sms   w i t h  t h e   aid  of  a  weak  base  l ike   ammonia.  N o r m a l l y ,  

such  h y d r o l y s i s   is  c a r r i e d   out  with  sodium  hydrox ide ,   for  the  v e r y  

reason   tha t   the  high  pH va lues   (13  and  h ighe r )   n e c e s s a r y   for  h y d r o -  

l y s i s   of  the  o r g a n i c   s u b s t a n c e s   p r e s e n t   can  be  reached  t h e r e w i t h .  

Accord ing   to  the  i n v e n t i o n ,  h o w e v e r ,   a l k a l i n e   h y d r o l y s i s   Of 

b i o l o g i c a l l y   a c t i v a t e d   s ludge  is  p o s s i b l e   a l r e a d y   at  a  pH  value  of  8 .  

The  p roce s s   a c c o r d i n g   to  the  i n v e n t i o n   has  the  g r e a t  

advantage   that   i-t  e n t a i l s   p r a c t i c a l l y   no  e x t r a   cos t s   for  c h e m i c a l s .  

The  v o l a t i l e   base  used,   l ike   ammonia,  is  r e cove red   by  s t r i p p i n g   t h e  

l i q u i d ,   e .g .   with  a i r   or  with  the  aid  of  steam,  and  can  be  r e u s e d .  

Without   much  t r o u b l e   the  r e s i d u a l   con ten t   of  ammonia  can  be  r e d u c e d  

to  10  ppm  a f t e r   the  s t r i p p i n g .   If  sodium  hydroxide   or  calcium  o x i d e  

is  used,   new  chemica l s   must  c o n t i n u a l l y   be  s u p p l i e d ,   which  p l a c e s  

a  heavy  f i n a n c i a l   burden  on  the  waste  water  p u r i f i c a t i o n .   Moreover ,  

i t   may  b e  n e c e s s a r y   f i r s t  t o   n e u t r a l i z e   the  h y d r o l y s a t e   before   i t  

can  be  used  f u r t h e r .   It  is  p r e f e r r e d   t ha t ,   a f t e r   the  s o l i d   m a t t e r  

and  the  v o l a t i l e   base  have  been  s e p a r a t e d   off ,   the  h y d r o l y s a t e   be 

f u r t h e r   p r o c e s s e d   t o - e c o n o m i c a l l y   a t t r a c t i v e   p r o d u c t s .   Here,  one 

may  th ink   of  r ecove ry   of  one  o r .more   of  the  amino  acids   p r e s e n t ,  

for   i n s t a n c e   with  the  aid  of  s e l e c t i v e   ion  exchange  or  c r y s t a l l i -  

z a t i o n .   In  a d d i t i o n ,   i t   is  p o s s i b l e   to  r ecover   a romat ic   n i t r o g e n  

base s .   P a r t i c u l a r l y   those  bases  are  impor t an t   tha t   are  based  on 

p y r i m i d i n e s   and /or   p u r i n e s .   These  o r i g i n a t e   in,  among  o t h e r s ,   t h e  

g e n e t i c   m a t e r i a l   of  the  m ic roo rgan i sms   in  the  s ludge .   A n o t h e r  

a p p l i c a t i o n   of  the  h y d r o l y s a t e   may  be  the  p r o c e s s i n g   in to   c a t t l e  

feed,   whi le ,   in  c e r t a i n   cases ,   i t   may  be  the  best  s o l u t i o n   to  u s e  

the  h y d r o l y s a t e   as  carbon  source  in  the  d e n i t r i f i c a t i o n   step  of  an 

i n d u s t r i a l   waste  water   p u r i f i c a t i o n   p l a n t ,   p o s s i b l y   a f t e r   one  o r  

more  n i t r o g e n   compounds  have  been  s e p a r a t e d   of f .   In  a d d i t i o n ,   t h e  

h y d r o l y s a t e . m a y   also  be  mixed  with  the  raw  waste  water   and  be  p a s s e d  

through  the  e n t i r e   p l a n t ,   du r ing   which,  c o n t r a r y   to  the  known  pre  



no  disturbance  of  the  pH  e q u i l i b r i u m   in  the  p l an t   occurs .   R e t u r n i n g  

of  the  h y d r o l y s a t e   to  the  was te   water   p u r i f i c a t i o n   p l a n t ,   however ,  

is  only  p o s s i b l e   i f   one  has  a  waste  water  p u r i f i c a t i o n   in  which  a l s o  

n i t r o g e n   compounds  are  removed,  because  o the rwise   an  u n a c c e p t a b l e  

amount  of  n i t r a t e   w i l l   be  d i s c h a r g e d   i n to   the  su r f ace   w a t e r .  

The  p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n   can  b e  r e a l i z e d  

at  the  u sua l   p r e s s u r e s   for   h a n d l i n g   aqueous  NH3  s o l u t i o n s .   By 

p r e f e r e n c e ,   the  p r e s s u r e   l i e s   between  1  and  50  ats  abs.  The  c o n c e n -  

t r a t i o n   of  ammonia  and /o r   ammonium  ca rbona te   amounts  p r e f e r a b l y   t o  

2  to  14  N.  I t   is  p o s s i b l e   to  c a r r y   out  the  h y d r o l y s i s   under  such  

c o n d i t i o n s   t ha t   comple te   or  p a r t i a l   d e - amina t i on   of  the  amino  a c i d s  

p r e s e n t   o c c u r s .   In  the  case  of  a  r e tu rn   of  the  h y d r o l y s a t e   to  t h e  

was te  wate r   p u r i f i c a t i o n   p l a n t   t h i s   br ings   the  advantage  tha t   a 

s u b s t a n t i a l l y   s m a l l e r   n i t r o g e n   load  occurs .   For  deamina t ion   to  be 

a c h i e v e d   i t   is  n e c e s s a r y   to  work  at  h igher   t e m p e r a t u r e s   and  NH3 
c o n c e n t r a t i o n s ,   for   i n s t a n c e   a  t empera tu re   above  150  °C  and  a  : 

c o n c e n t r a t i o n   of  between  4  and  14  N  NH .  If  i t   should  not  be  t h e  

i n t e n t i o n   to  d e a m i n a t e ,  i t   is  to  be  p r e f e r r e d   to  work  at  t e m p e r a t u r e s  

of  between  90  and  180  °C  and  at  an  NH3  c o n c e n t r a t i o n   of  between  2 

and  6  N   NH3. 
The  s ludge   s u s p e n s i o n   to  be  hydro lyzed   c o n t a i n s ,   d e p e n d i n g  

on  the  type  of  p l a n t   of  o r i g i n ,   varying  c o n t e n t s   of  s ludge  ( d r y  

m a t t e r ) .   This  may  vary  between  less   than  1  %  by  weight  and  more 

than  35  %  by  w e i g h t .  

A  p o s s i b l e   embodiment  of  the  p rocess   acco rd ing   to  t h e  

i n v e n t i o n   is  d e s c r i b e d   wi th   the  aid  of  the  drawing,  but  is  n o t  

l i m i t e d   t h e r e t o .  

F i g u r e   1  of  the  drawing  shows  a  pos s ib l e   embodiment  of  the  p r o c e s s  

a c c o r d i n g   to  the  i n v e n t i o n ,   and  Figure  2  shows  ano ther   embodiment  

t h e r e o f .  

F igure   1  shows  a  diagram  for  a  p r o c e s s  f o r   p u r i f i c a t i o n  

of  waste   wate r   a c c o r d i n g   to  the  i n v e n t i o n .   Waste  water   here  e n t e r s  

via   l i n e   1  b i o l o g i c a l   p u r i f i c a t i o n   plant   2,  here  i n d i c a t e d   as  a  b l o c k .  



Depending  on  the  kind  of  waste  wa te r ,   the  des ign   of  t h i s   p l an t   w i l l  

be  more,  or  l e s s ,   c o m p l i c a t e d .   The  p u r i f i e d   waste  water ,   w h i c h  

c o n t a i n s   suspended  b i o l o g i c a l l y   a c t i v a t e d   s ludge ,   is  led  t h r o u g h  

l ine   3  to  s e c t i o n   4,  where  the  s ludge  s e t t l e s   and  t h i c k e n s .   Via  l i n e  

5  p u r i f i e d   water   is  d i s c h a r g e d   i n to   su r f ace   water   or  for  f u r t h e r  

t r e a t m e n t ,   for  i n s t a n c e   with  c h l o r i n e .   Via  l ine   6  a  s ludge  s u s p e n s i o n  

f r o m   s e c t i o n   4  is  r e c y c l e d  t o   the  b i o l o g i c a l   p u r i f i c a t i o n   p l a n t .  

Via  l i n e  7   a  c o n c e n t r a t e d   s ludge  s u s p e n s i o n   is  passed  to  h e a t  

exchanger   8.  Via  l ine   9  the  hea t ed   s u s p e n s i o n   is  led  in to   h y d r o l y s i s  

column  10.  Via  l ine   11  a  gas  mix ture   of  NH  and  steam  o r i g i n a t i n g  
in  h e a t e r   12  is  s u p p l i e d .  

In  h e a t e r   12  the  mix ture   of  NH3  and  steam  is  heated   w i t h  

the  aid  of  steam  c o i l   13.  The  hyd ro lyzed   sludge  s u s p e n s i o n   l e a v e s  

h y d r o l y s i s   column  10  via  l ine   14.  In  f i l t r a t i o n   equipment   15,  w h i c h  

may,  for  i n s t a n c e ,   c o n s i s t   of  f i l t e r s ,   s ieve  bends  or  c e n t r i f u g e s ,  

th i s   s u s p e n s i o n   is  s p l i t   up  in to   a  h y d r o l y s a t e   and  s o l i d   m a t t e r .  

The  s o l i d   ma t t e r   i s  d i s c h a r g e d   via  l ine   16.  Through  l ine   17  t h e  

h y d r o l y s a t e   p roceeds   to  d e s o r p t i o n   column  18 .  

In  th i s   column  the  NH3  is  desorbed   with  the  aid  of  steam  which  i s  

i n t r o d u c e d ,   via  l ine   19,  in to   d e s o r p t i o n   column  18  d i r e c t l y .  

The  desorbed   NH ,  t o g e t h e r  w i t h   a  q u a n t i t y   of  steam,  is  r e c y c l e d  

to  h e a t e r   12  via  l i ne   20.  Via  l i ne   21  the  h y d r o l y s a t e   leaves   d e s o r p -  

t ion   column  18.  A f t e r   hea t   exchange  with  the  s u s p e n s i o n   from  s e t t l i n g  

bas in   4  in  heat   e x c h a n g e r  8   the  h y d r o l y s a t e   is  d i s c h a r g e d   v i a  l i n e   22 .  

Figure   2,  in  which  the  v a r i o u s   r e f e r e n c e   numbers  have  the  same 

meaning  as  in  F igure   1,  shows  ano the r   embodiment  of  the  p r o c e s s  

a c c o r d i n g   to  the  i n v e n t i o n .  

Waste  wate r   here  e n t e r s   b i o l o g i c a l   p u r i f i c a t i o n   p l an t   2  via  l ine   1 .  

The  p u r i f i e d   waste  wa te r ,   which  c o n t a i n s   suspended  a c t i v a t e d   s l u d g e ,  

is  led  through  l ine   3  to  s e c t i o n   4,  where  the  s ludge  s e t t l e s   and 

t h i c k e n s .   Via  l ine   5  p u r i f i e d   wate r   is  d i s c h a r g e d .   Via  l ine   6  p a r t  

of  the  s ludge  s u s p e n s i o n   from  s e c t i o n   4  is  r e c y c l e d   to  the  p u r i f i c a -  

t ion   p l a n t .  

Via  l ine   7  a  c o n c e n t r a t e d   s ludge  s u s p e n s i o n   is  led  to  s t a t i c   mi. 



in  which  th i s   s u s p e n s i o n   is  mixed  with  h y d r o l y z e d   s ludge  tha t   i s  

s u p p l i e d   through  l i n e   24.  The  mixture   is  passed   to  heat   exchanger   8 

via  l ine   25.  The  hea ted   s u s p e n s i o n   is  led  i n to   h y d r o l y s i s   column  10 

via   l ine   9 .  V i a   l i n e   26  a  steam/NH3  mixture   is  led  i n to   h y d r o l y s i s  
column  10.  V i a . l i n e   9  the  t r e a t e d   sludge  s u s p e n s i o n   is  d i s c h a r g e d .  

Par t   of  t h i s  s u s p e n s i o n   is  mixed  with  the  s ludge  s u s p e n s i o n   f r o m  

s e c t i o n   4,  ano the r   pa r t   is  s u p p l i e d   to  d e s o r p t i o n   column'18  v i a  

l i ne   27.  Via  l i ne   19  the  steam  r e q u i r e d   for   the  d e s o r p t i o n   and  t h e  

h y d r o l y s i s   is  s u p p l i e d .  

Via  l ine   21  the  h y d r o l y z e d   s ludge   s u s p e n s i o n   is  d i s c h a r g e d .   A f t e r  

heat   exchange  in  hea t   exchanger   8  the  s u s p e n s i o n   is  led  i n t o  

f i l t r a t i o n   equipment   15  via  l ine   28  and  s e p a r a t e d   i n t o   ' s o l i d   m a t t e r ,  

which  is  d i s c h a r g e d   via  16,  and  l i q u i d ,   which  is  d i s c h a r g e d  
via  29.  

The  i n v e n t i o n   w i l l   now  be  e l u c i d a t e d   with  the  aid  o f  

a  few  examples,   but  is  not  l i m i t e d   t h e r e t o .  

Example  1 

Waste  water   from  a  chemical   complex  is  s u p p l i e d   to  a  

p l a n t   as  d e s c r i b e d   in  F igure   1.  During  the  p u r i f i c a t i o n   of  t h e  

waste  water   32.0  t o n s / h   of  s ludge   s u s p e n s i o n   is  p roduced ,   which  i s  

d i s c h a r g e d   from  s e c t i o n   4  via  l ine   6.  The  s ludge  s u s p e n s i o n  

c o n t a i n s   20  %  of  s ludge  (dry  m a t t e r ) ,   a p p r o x i m a t e l y   75  %  of  w h i c h  

is  i n o r g a n i c   m a t e r i a l   and  a p p r o x i m a t e l y   25  %  o r g a n i c   m a t e r i a l .  

The  o rgan ic   m a t e r i a l   mainly  c o n s i s t s   of  m i c r o o r g a n i s m s   and  t h e s e  

p r i n c i p a l l y   c o n t a i n   amino  a c i d s ,   c a r b o h y d r a t e s   and  f a t s   in  a  r a t i o  

of  5 :  4 :  1.  This  s u s p e n s i o n   is  hyd ro lyzed   in  h y d r o l y s i s   column  10 

with  the  aid  o f  2   t o n s / h   of  NH3  and  steam  a t  a   t e m p e r a t u r e   o f  

130  °C  and  a  p r e s s u r e   of  6  ats  g.  The  h y d r o l y z e d   s ludge  is  s e p a r a t e d ,  

in  15,  in to   2.4  t o n s / h   of  s o l i d   mat te r   and  35.6  t o n s / h   of  h y d r o l y s a t e ,  

which  c o n t a i n s   0.8  ton/h  of  o rgan i c   m a t e r i a l   and  32.8  t ons /h   o f  

wa te r .   The  s o l i d   m a t t e r   c o n t a i n s   90  %  of  the  heavy  metals   which  w e r e  

p r e s e n t   in  the  s ludge  s u s p e n s i o n .   The  h y d r o l y s a t e   is  t r e a t e d   i n  

d e s o r p t i o n   column  18  with  steam  of  15  ats  g.,   a l l   NH3  e s cap ing   and 



This  t ab le   shows  c l e a r l y   that   is  is  very  well   p o s s i b l e   to  p r a c t i c a l l y  

c o m p l e t e l y   h y d r o l y z e   the  sludge  with  NH  or  (NH4)2CO3. 
It  c a n - a l s o   be  seen  tha t   at  l ess   mild  r e a c t i o n   c o n d i t i o n s   the  COD 

c o n t e n t   becomes  lower,   which  p o i n t s ' t o   d e a m i n a t i o n .  

Example  4 

For  the  h y d r o l y s a t e   o b t a i n e d   in  t e s t   1  of  example  3  i t  

has  been  de t e rmined   which  amino  acids  were  p r e s e n t .   The  q u a n t i t i e s  

are  given  in  m i l l i g r a m s .  

At  a  s ludge  p r o d u c t i o n   of  32.0  t ons /h   as  in  example  1,  th i s   r e s u l t s  

in  an  amino  acid  q u a n t i t y   of  a p p r o x i m a t e l y   24  k g / h .  



being  r e c y c l e d   via  l ine   20.  U l t i m a t e l y ,   39.0  t o n s / h   of  h y d r o l y s a t e ,  

O.S  ton  of  which  is  o rgan ic   m a t e r i a l   is  d i s o n a r g e d   via  l ine   23 .  

Example  2 

Waste  water   from  a  chemical   complex  is  s u p p l i e d   to  a 

p l an t   as  d e s c r i b e d   in  F igure   2.  During  the  p u r i f i c a t i o n   of  t h e  

waste  water   275  t o n s / d a y   of  s ludge  s u s p e n s i o n   is  produced,   w h i c h  

is  d i s c h a r g e d   from  s e c t i o n   4  via  l ine   6.  The  s ludge  s u s p e n s i o n  

c o n t a i n s   20  %  of  s ludge  (dry  m a t t e r ) ,   a p p r o x i m a t e l y   75  %  of  w h i c h  

is  i n o r g a n i c   m a t e r i a l   and  a p p r c x i m a t e l y   25  %  o r g a n i c   m a t e r i a l .  

The  o rgan ic   m a t e r i a l   mainly  c o n s i s t s   of  m ic roo rgan i sms   and  t h e s e  

p r i n c i p a l l y   c o n t a i n   amino  a c i d s ,   c a r b o h y d r a t e s   and  f a t s   in  a  r a t i o  

of  5 :  4 :  1.  This  s u s p e n s i o n   is  hyd ro lyzed   in  h y d r o l y s i s   column  10 

with  the  aid  of  56.8  t ons /day   of  NH3/steam  mix tu re   at  a  t e m p e r a t u r e  

of  130  °C  an  a  p r e s s u r e   of  10  ats  abs.  The  h y d r o l y s a t e   is  t r e a t e d  

in  d e s o r p t i o n   column  18  with  steam  of  10  ats  abs,  a l l   NH3  and  p a r t  

of  the  steam  e s c a p i n g   and  being  r e cyc l ed   via  l ine   20.  The  h y d r o l y z e d  

s ludge  is  s e p a r a t e d   in  15  in to   37.5  tons /h   of  s o l i d s   mat te r   and  

296.7  t o n s / d a y   of  h y d r o l y s a t e ,   which  c o n t a i n s   17.5  t o n s / d a y   o f  

o rgan ic   m a t e r i a l   and  279.2  t o n s / d a y   of  w a t e r .  

The  s o l i d   mater  c o n t a i n s   90  %  of  the  heavy  meta ls   tha t   were  p r e s e n t  

in  the  sludge  s u s p e n s i o n .  

Example  3 

A  number  of  t e s t s   have  been  c a r r i e d   out  on  a  l a b o r a t o r y  

sca le   in  which  aqueous  s ludge  su spens ions   from  a  b i o l o g i c a l   p u r i f i -  

c a t i o n   p l an t   have  been  hyd ro lyzed   in  a  bas ic   medium,  100  ml  of  a 

10 %  sludge  s u s p e n s i o n   in  water   has  been  h y d r o l y z e d   in  a  b a s i c  

medium  for  a  c e r t a i n   time  at  a  v a r i a b l e   t e m p e r a t u r e .   The  r e s u l t s   a r e  

r ende red   in  the  t a b l e .  

The  chemical   oxygen  demand  (COD)  is  given  in  the  l a s t   column.  This  i s  

a  measure  of  t h e  h y d r o l y s i s   of  the  b i o l o g i c a l l y   a c t i v e   s l u d g e .  



1.  P rocess   for  b i o l o g i c a l   p u r i f i c a t i o n   of  waste  water ,   in  w h i c h  

a  s u s p e n s i o n   of  the  s u r p l u s   s ludge  formed  dur ing   the  p u r i f i c a t i o n  

is  hyd ro lyzed   in  a  bas ic   medium  and  at  an  e l e v a t e d   t e m p e r a t u r e ,  

t h i s   p rocess   being  c h a r a c t e r i z e d   in  that   the  s u s p e n s i o n   i s  

b rought   at  a  pH  of  between  8  and  11  and  tha t   h y d r o l y s i s   i s  

c a r r i e d   out  in  the  p resence   of  a  v o l a t i l e   base  a t  a   t e m p e r a t u r e  

of  between  90  and  300  C ,   which  base,  a f t e r   the  h y d r o l y s i s  h a s  

been  t e r m i n a t e d ,   is  e x p e l l e d   from  the  h y d r o l y s a t e   f o r m e d .  

2.  P rocess   a c c o r d i n g   to  Claim  1,  c h a r a c t e r i z e d   in  that   h y d r o l y s i s  

is  c a r r i e d   out  at  a  t e m p e r a t u r e   of  between  90  and  200  °C.  

3.  P rocess   a c c o r d i n g   to  Claim  1  or  2,  c h a r a c t e r i z e d   in  that   ammonia 

is  used  for  v o l a t i l e   b a s e .  

4.  P rocess   a c c o r d i n g   to  Claim  1  or  2,  c h a r a c t e r i z e d   in  tha t   ammonium 

c a r b o n a t e   is  used  for  v o l a t i l e   b a s e .  

5.  P rocess   a c c o r d i n g   to  any  of  the  Claims  1-4,  c h a r a c t e r i z e d   in  t h a t  

the  v o l a t i l e   base  which  has  been  expe l l ed   from  the  l i q u i d   i s  

r e t u r n e d   to  the  h y d r o l y s i s .  

6.  P rocess   a c c o r d i n g   to  any  of  the  Claims  1-5,  c h a r a c t e r i z e d   in  t h a t  

one  or  more  N-compounds  are  r ecovered   from  the  h y d r o l y s a t e  

f o r m e d .  

7.  P rocess   a c c o r d i n g   to  any  of  the  Claims  1-6,  c h a r a c t e r i z e d   in  t h a t  

the  h y d r o l y s a t e   formed  is  f u l l y   or  p a r t l y   p roces sed   to  c a t t l e  

f e e d .  

8.  P rocess   a c c o r d i n g   to  any  of  the  Claims  1-7,  c h a ' e c t a l f z e n   i n  



t ha t   the  h y d r o l y s a t e   formed,  is  r e t u r n e d   a f t e r   the  so l id   m a t t e r  

has  been  s e p a r a t e d   off ,   to  the  b i o l o g i c a l   p u r i f i c a t i o n .  

9.  P rocess   a c c o r d i n g   to  any  of  the  Claims  1-7,  c h a r a c t e r i z e d   in  t h a t  

the  v o l a t i l e   base  is  s t r i p p e d   from  the  h y d r o l y s a t e   with  an  i n e r t  

gas  or  gas  m i x t u r e .  

10.  P rocess   a c c o r d i n g   to  any  of  the  Claims  1,  3-7,  c h a r a c t e r i z e d   i n  

tha t   the  p roces s   is  c a r r i e d   out  under  c o n d i t i o n s   a t  w h i c h  

d e a m i n a t i o n   o c c u r s .  

11.  P rocess   a c c o r d i n g   to  Claim  10,  c h a r a c t e r i z e d   in  tha t   h y d r o l y s i s  

is  c a r r i e d   out  no rmal ly   at  a  t e m p e r a t u r e   of  between  150  and  

300  °C  and  an  NH3  c o n c e n t r a t i o n   of  between  4  and  14 .  

12. N-compounds  p r e p a r e d   with  a p p l i c a t i o n   of  the  p rocess   a c c o r d i n g  

to  Claim  6 .  
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