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©  Process  for  nitrifying  waste  water. 

Process  for  the  nitrification  of  waste  water  in  a  trickle 
phase  reactor  whereby  the  gas  containing  molecular  oxygen 
contains  more  than  25%  by  weight  of  molecular  oxygen, the 
off-gas  in  the  column  is  vented  and/or  recycled,  during  the 
nitrification  0.5-10% by weight of CO2, with  respect  to the  total 
quantity  of  molecular  oxygen  present,  such  a  quantity  of  the 
liquid  effluent  ofthe  reactor is  recycled  that the  entire  column 
contents  are  irrigated  and  the  gas  and  the  liquid  contact  each 
other  counter-currently. 

This  process  can  be  used  for the  nitrification  of industrial 
waste  water,  especially  waste  water  of  fertilizer  plants. 



The  i n v e n t i o n   r e l a t e s   to  a  p rocess   for  n i t r i f i c a t i o n   o f  

o x i d i z a b l e   n i t r o g e n   compounds  in  waste  water ,   with  the  aid  of  a  gas  

c o n t a i n i n g   mo lecu la r   oxygen  and  of  m i c r o - o r g a n i s m s   bound  to  an  i n e r t  

c a r r i e r   m a t e r i a l   in  a  column.  

A  s i m i l a r   p rocess   is  known  from  ' J o u r n a l   of  Water  P o l l u t i o n  

Control   F e d e r a t i o n ' ,   Vol.  No.  47,  February   1975,  p.  291-309.  T h i s  

p u b l i c a t i o n   d e s c r i b e s   a  p rocess   for  the  n i t r i f i c a t i o n   of  waste  w a t e r  

in  a  l i q u i d - f i l l e d   column.  According  to  th i s   p rocess ,   waste  w a t e r  

into  which  oxygen  has  been  d i s s o l v e d   in  a  s e p a r a t e   s tep  is  s u p p l i e d  

to  a  l i q u i d - f i l l e d   column  in  which  n i t r i f y i n g   m i c r o - o r g a n i s m s   h a v e  

been  bound  to  a  so l i d   i n e r t   c a r r i e r   m a t e r i a l .  

This  p rocess   has  the  drawback  tha t   only  waste  water  s t r e a m s  

with  a  r e l a t i v e l y   low  n i t r o g e n   con ten t   can  be  p u r i f i e d .   Moreover ,  

the  a b s o l u t e   q u a n t i t y   of  d i s s o l v e d   o rgan ic   m a t e r i a l   must  be  very  low, 

as  an  excess  of  o rgan ic   m a t e r i a l   r e s u l t s   in  p a r t i a l   c logg ing   of  t h e  

column  with  m i c r o - o r g a n i s m s   decomposing  o rgan ic   m a t e r i a l s ,   so  t h a t  

c h a n n e l l i n g   o c c u r s .  

While  the  f i r s t   problem  can  be  met  by  means  of  h igher   l i q u i d  

loads  through  r e c i r c u l a t i o n   of  par t   of  the  p u r i f i e d   e f f l u e n t   a f t e r  

d i s s o l v i n g   oxygen  into  i t ,   however,  as  appears   from  the  p u b l i c a t i o n ,  

t h i s   cannot  r e a d i l y   be  done .  

In  p a r t i c u l a r   at  h igher   l i q u i d   loads ,   that   is  to  say  a t  

h igher   n i t r o g e n   c o n t e n t s   of  the  waste  water  to  be  p u r i f i e d ,   the  m i c r o -  

organisms  ( a c t i v a t e d   s ludge  in  g e n e r a l )   are  washed  off  from  t h e  

c a r r i e r   m a t e r i a l ,   so  that   an  a d d i t i o n a l   column  is  needed  to  remove 



these   m i c r o - o r g a n i s m s   from  the  waste  w a t e r .  

A  p o s s i b l e   s o l u t i o n   to  the  problem  r a i sed   by  the  p u r i f i c a t i o n  

of  d i l u t e d   waste  water  is  the  use  of  a  t r i c k l e - p h a s e   r e a c t o r .   T h i s  

however,  leads  to  f u r t h e r   problems  in  tha t   the  r a t e   of  n i t r i f i c a t i o n  

and  the  s ludge  growths  drop  to  u n d e s i r a b l y   low  l e v e l s ,   and  very  l a r g e  

equipment  is  r e q u i r e d .  

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

n i t r i f i c a t i o n   of  waste  water  which  has  no  such  d r a w b a c k s .  

This  p rocess   is  c h a r a c t e r i z e d   in  tha t   a  t r i c k l e - p h a s e   r e a c t o r  

is  used  as  the  column,  and  the  gas  c o n t a i n i n g   mo lecu la r   oxygen  c o n t a i n s  

at  l e a s t   25  w.-%  of  oxygen,  that   the  o f f - g a s   of  the  column  is  v e n t e d  

and /or   r e c y c l e d ,   tha t   dur ing   the  n i t r i f i c a t i o n   0 .5-10   w.-%  of  C02, 
with  r e s p e c t   to  the  t o t a l   q u a n t i t y   of  mo lecu la r   oxygen,  is  p r e s e n t   i n  

the  column,  tha t   such  a  q u a n t i t y   of  the  l i q u i d   e f f l u e n t   of  the  r e a c t o r  

is  r ecyc led   tha t   the  e n t i r e   column  c o n t e n t s   are  i r r i g a t e d ,   and  t h a t  

the  gas  and  the  l i q u i d   con tac t   each  o ther   c o u n t e r - c u r r e n t l y .  

P r e f e r a b l y ,   the  gas  c o n t a i n i n g   mo lecu la r   oxygen  c o n t a i n s   a t  

l e a s t   90  w.-%  of  mo lecu la r   oxygen .  

The  p rocess   acco rd ing   to  the  i n v e n t i o n   has  the  advantage   t h a t  

waste  water  c o n t a i n i n g   l a rge   q u a n t i t i e s   of  n i t r o g e n   compounds  can  b e  

p u r i f i e d   wi thout   the  need  for  e x c e s s i v e l y   l a rge   columns.  F u r t h e r m o r e  

the  problem  of  s ludge  being  washed  off  from  the  c a r r i e r   m a t e r i a l   d o e s  

not  become  s i g n i f i c a n t .  

It  is  of  e s s e n t i a l   impor tance   tha t   dur ing   the  n i t r i f i c a t i o n  

0.5  to  10  w.-%  C02,  r e f e r r e d   to  the  t o t a l   q u a n t i t y   of  mo lecu la r   oxygen ,  
should  be  p r e s e n t .   P r e f e r a b l y ,   5-10  w.-%  of  C02  should  be  p r e s e n t .  

If  C02  is  absen t ,   the  r a te   of  n i t r i f i c a t i o n   is  s u b s t a n t i a l l y  

lower  than  when  C02  is  p r e s e n t .   Moreover,  p r o d u c t i o n   of  n i t r i f y i n g  

s ludge  s t a g n a t e s   if  no,  or  only  l i t t l e ,   C02  is  p r e s e n t   dur ing   t h e  

n i t r i f i c a t i o n ,   which  means  tha t   also  in  a  t r i c k l e - p h a s e   r e a c t o r  

n i t r i f i c a t i o n   of  waste  water  c o n t a i n i n g   many  i m p u r i t i e s   wi l l   l e a d  

to  p r o b l e m s .  

As  gas  c o n t a i n i n g   molecu la r   oxygen,  by  p r e f e r e n c e ,   t e c h n i c a l  

oxygen  or  mix tu res   of  a i r   and  t e c h n i c a l   oxygen  are  app l i ed   to  which  

also  carbon  d iox ide   has  been  added.  Techn ica l   oxygen  is  ob ta ined   by 



c ryogen ic   a i r   s e p a r a t i o n   and  it   c o n t a i n s   app rox ima te ly   90  vol . -%  o f  

oxygen,  50  ppm  CO2  and,  for  the  r e s t ,   n i t r o g e n   and  t r a c e s   of  o t h e r  

gases ,   such  as  r a re   g a s e s .  

Two  well-known  b a c t e r i a l   genera  n i t r i f y i n g   a u t o t r o p h i c a l l y  

are  N i t r o b a c t e r   and  Ni t rosomonas .   The  type  mentioned  l a s t   o x i d i z e s  

NH4  to  N02  in  the  f o l l o w i n g   manne r :  

N i t r o b a c t e r   o x i d i z e s   N02  f u r t h e r   to  NO3: 

These  b a c t e r i a   are  a u t o t r o p h i c   because  they  can  a s s i m i l a t e   c e l l  

m a t e r i a l   from  carbon  d i o x i d e .   The  energy  r e q u i r e d   for  the  a s s i m i l a t i o n  

o r i g i n a t e s   from  the  o x i d a t i o n   of  the  n i t r o g e n   compounds.  

The  CO2  a d d i t i o n   here  has  an  e s s e n t i a l l y   d i f f e r e n t   f u n c t i o n  

than  the  a d d i t i o n   of,  for  i n s t a n c e ,   methanol  to  a  d e n i t r i f i c a t i o n  

s tep ,   in  which  methanol  f u n c t i o n s   as  oxygen  a c c e p t o r .   Hence,  in  t h e  

d e n i t r i f i c a t i o n ,   t h e r e   is  no  point   in  adding  C02. 
The  ex ten t   to  which  the  gas  supp l i ed   to  the  column  i s  

d i s c h a r g e d   again  and/or   r ecyc led   depends  on  a  number  of  f a c t o r s .  

In  p r i n c i p l e ,   the  s i t u a t i o n   is  such  tha t   a  minor  par t   of  the  gas  mass 

must  i n v a r i a b l y   be  d i s c h a r g e d   because   o t h e r w i s e   a  q u a n t i t y   of  i n e r t  

gas  wil l   accumula te   in  the  column.  

If  t h i s   is  not  done,  the  e f f e c t i v e n e s s   of  the  n i t r i f i c a t i o n  

wil l   d e c r e a s e .   The  i n e r t   gas  o r i g i n a t e s   from  the  gas  s u p p l i e d ,   which  

can  in  p r a c t i c a l l y   no  case  c o n s i s t   e x c l u s i v e l y   of  02  and  CO2. 
It  is  p o s s i b l e ,   however,  to  l imi t   th i s   d i s c h a r g e   of  gas  to  a 

c o n s i d e r a b l e   ex tent   if  the  gas  c o n t a i n i n g   molecu la r   oxygen  c o n s i s t s  

to  at  l e a s t   90  %  of  molecu la r   oxygen.  In  that   case  the  gas  s u p p l y  

need  not  be  l a r g e r   than  the  q u a n t i t y   r equ i r ed   for  the  n i t r i f i c a t i o n .  

However,  should  the  gas  c o n t a i n i n g   molecu la r   oxygen  c o n t a i n  

a  c o n s i d e r a b l e   (more  than  20  %)  amount  of  i ne r t   gas,  it  is  to  be 

p r e f e r r e d   to  d i s c h a r g e   a  l a r g e r   q u a n t i t y   of  gas  from  the  column  t h a n  



is  s t r i c t l y   n e c e s s a r y   and  to  r e c y c l e   par t   t h e r e o f .   This  wi l l   c a u s e  

the  gas  v e l o c i t y   in  the  column  to  i n c r e a s e ,   as  a  r e s u l t   of  which  t h e  

gas  mass  in  the  column  becomes  mixed  in  a  b e t t e r   way.  Moreover,  t h e  

r i sk   of  an  inhomogeneous  d i s t r i b u t i o n   of  mo lecu la r   oxygen  in  t h e  

column  is  avoided  th i s   way.  Of  course ,   at  lower  i n e r t   gas  c o n t e n t s  

th i s   r i sk   is  p r e s e n t   to  a  much  s m a l l e r   e x t e n t .  

By  p r e f e r e n c e ,   the  r e c i r c u l a t i n g   waste  water  is  given  a  pH 

value  h igher   than  8  be fo re   being  r e t u r n e d   to  the  column.  NaOH  can  b e  

added  very  s u i t a b l y   for  t h i s   p u r p o s e .  

The  p rocess   a cco rd ing   to  the  i n v e n t i o n   o f f e r s   the  a d v a n t a g e  

tha t   t he re   is  a  p o s s i b i l i t y   of  sma l l e r   gas  volumes  and,  hence,  c h e a p e r  

a p p a r a t u s .   Cont ra ry ,   for  i n s t a n c e ,   to  a  column  in  which  o u t s i d e   a i r   i s  

a s p i r a t e d   in  the  bottom,  par t   to  be  d i s c h a r g e d   again  at  the  top,  no 

s t rong   coo l ing   of  the  con t en t s   of  the  column  occurs  through  w a t e r  

e v a p o r a t i o n .   In  the  p rocess   a cco rd ing   to  the  i n v e n t i o n   an  e q u i l i b r i u m  

is  formed  a f t e r   some  time  owing  to  the  gas  mass  being  a p p r o x i m a t e l y  

s a t u r a t e d   with  water   v a p o u r .  

If  par t   of  the  gas  s tream  is  d ra ined   and  the  d ra in   is  made  up 

again  with  f resh   gas,  a  minor  amount  of  water  wi l l   be  e v a p o r a t e d  

c o n t i n u o u s l y .   This  q u a n t i t y   is  not  l a rge ,   e s p e c i a l l y   not  because  t h e  

d ra in   forms  only  a  very  minor  par t   of  the  t o t a l   gas  s t ream.  The 

r e s u l t a n t   t e m p e r a t u r e   d e c r e a s e   wi l l   amount  to  at  most  a  few  t e n t h s  

of  a  degree .   If  a  gas  s a t u r a t e d   with  water  is  used  for  make-up  of  t h e  

gas  s t ream,   t he re   wi l l   be  no  d i f f i c u l t i e s   r e s u l t i n g   from  a  t e m p e r a t u r e  

d e c r e a s e .   The  r e s u l t   of  a l l   t h i s   is  t h a t ,   du r ing   co lder   p e r i o d s ,   one  

is  not  ob l iged   to  a d d i t i o n a l l y   heat  e i t h e r   the  waste  water  of  the  gas  
in  c o n n e c t i o n   with  the  r i sk   of  f r e e z i n g   or  de lay   in  the  p u r i f i c a t i o n .  

The  p rocess   acco rd ing   to  the  i n v e n t i o n   is  c a r r i e d   out  in  a 

column  s u i t a b l e   for  g a s / l i q u i d   c o n t a c t   which  is  a  t r i c k l e - p h a s e   r e a c t o r  

and  wherein  the  gas  and  the  waste  water   are  c o n t a c t e d   c o u n t e r -  

c u r r e n t l y .   The  p r e s s u r e   at  which  the  p rocess   is  c a r r i e d   out  is  n o t  

c r i t i c a l .   Atmospher ic   p r e s s u r e   is  app l i ed   to  advan tage ,   but  a l s o  

h igher   or  lower  p r e s s u r e s   are  a p p l i c a b l e .   It  is  noted  tha t   t h e  

p re sence   of  m i c r o - o r g a n i s m s   on  an  i n e r t   c a r r i e r   m a t e r i a l   is  a  w e l l -  

known  f a c t .  



It  is  p a r t i c u l a r l y   advan tageous   to  carry   out  the  p rocess   so 

that   n i t r i f i c a t i o n   does  not  proceed  comple t e ly   to  n i t r a t e ,   but  p a r t l y  

only  to  n i t r i t e .   Notably  in  a  subsequen t   d e n i t r i f y i n g   s tep ,   if  any ,  

th i s   y i e l d s   a  sav ing   on  the  amount  of  carbon  source ,   l i ke   m e t h a n o l ,  

which  is  to  be  added.  This  e f f e c t   is  achieved  by  t ak ing   care  that   t h e  

fo rmat ion   of  n i t r a t e   from  n i t r i t e   is  checked,  which  is  p o s s i b l e   by 

e i t h e r   see ing   to  it  that   no  n i t r a t e - f o r m i n g   organisms  are  p r e s e n t   i n  

the  s ludge,   or  that   the  organisms  p r e sen t   are  r e s t r a i n e d .   Also  if  t h e  
+ 

s ludge  is  loaded  with  waste  water  c o n t a i n i n g   NH4-N  in  a  h i g h  

c o n c e n t r a t i o n ,   conve r s ion   to,  mainly,   n i t r i t e   is  o b t a i n e d .  

The  i n v e n t i o n   wi l l   now  be  e l u c i d a t e d   with  the  aid  of  an 

example  which  shows  tha t   the  p rocess   d e s c r i b e d   above  is  a p p l i c a b l e  

for  i n d u s t r i a l   waste  water .   The  example  and  the  t e s t s   are  not  l i m i t i n g .  

Example 

Into  the  top  of  a  t r i c k l e - p h a s e   r e a c t o r   having  a  volume  o f  

5.0  l i t r e s ,   which  c o n t a i n s   4  l i t r e s   of  Berl  saddles   with  s l u d g e  

appl ied   to  them,  waste  water  from  a  chemical   i n d u s t r y   is  s u p p l i e d  

which  con t a in s   a  v a r i a b l e   q u a n t i t y   of  ammoniacal  n i t r o g e n .   At  t h e  

same  time  0.026  m  of  a  gas  mix ture   c o n s i s t i n g   of  5  w.-%  of  C02, 
94.8  w.-%  of  O2 and  0.2  w.-%  of  i n e r t   gas  is  led  c o u n t e r - c u r r e n t l y  

with  the  l i q u i d .   The  r e c y c l e   of  the  l i q u i d   e f f l u e n t   over  the  column 

amounted  to  about  3.1  l i t r e s / h .   The  gas  was  comple te ly   r e c i r c u l a t e d ,  

while  the  consumed  gas  was  made  up.  The  i n e r t   gas  d i s s o l v e d   in  t h e  

l i qu id   p h a s e .  

In  the  f o l l o w i n g   t a b l e   the  r e s u l t s   are  given  of  t e s t s   i n  
+ which  both  the  flow  over  the  column  and  the  c o n c e n t r a t i o n   of  NH4-N . 

are  v a r i e d .  





1.  P r o c e s s   for  n i t r i f y ing   o x i d i z a b l e   n i t r o g e n   c o m p o u n d s   in  w a s t e  

w a t e r ,   with  the  aid  of  a  gas  c o n t a i n i n g   m o l e c u l a r   oxygen   a n d  

of  m i c r o - o r g a n i s m s   bound  to  an  inert  ca r r i e r   m a t e r i a l   in  a 

c o l u m n ,   this   p r o c e s s   be ing   c h a r a c t e r i z e d   in  that   a  t r i c k l e -  

p h a s e   r e a c t o r   is  used   a  c o l u m n ,   that   the  gas  c o n t a i n i n g  

m o l e c u l a r   oxygen   c o n t a i n s   more  than  25  w. -%  of  o x y g e n ,   t h a t  

the  o f f - g a s   of  the  column  is  v e n t e d   a n d / o r   r e c y c l e d ,   and  t h a t  

during  the  n i t r i f i c a t i o n   0 . 5 - 1 0   w . - %   of  CO2,  r e fe r red   to  t h e  

to ta l   q u a n t i t y   of  o x y g e n ,   is  p r e s e n t   in  the  co lumn ,   that   such  a 

q u a n t i t y   of  the  l iquid   e f f l uen t   of  the  co lumn  is  r e c y c l e d   t h a t  

the  ent i re   column  c o n t e n t s   are  i r r i g a t e d ,   and  that   the  gas  a n d  

the  l iquid   c o n t a c t   each   o ther   c o u n t e r - c u r r e n t l y .  

2.  P r o c e s s   a c c o r d i n g   to  c la im  1,  c h a r a c t e r i z e d   in  that   the  g a s  
c o n t a i n s   at  l e a s t   90  w . - %   of  m o l e c u l a r   o x y g e n .  

3.  P r o c e s s   a c c o r d i n g   to  c la im  1  or  2,  c h a r a c t e r i z e d   in  t h a t  

5-10  w . - %   of  CO2,  r e fe r red   to  the  to ta l   q u a n t i t y   of  m o l e c u l a r  

o x y g e n ,   is  p r e s e n t .  

4.  P r o c e s s   a c c o r d i n g   to  the  c l a ims   1,  2  or  3,  c h a r a c t e r i z e d   in  t h a t  

the  o f f - g a s ,   a f ter   hav ing   left  the  co lumn ,   is  pa r t ly   ven ted   a n d  

par t ly   r e c y c l e d   to  the  co lumn ,   a  q u a n t i t y   of  m a k e - u p   gas  b e i n g  

s u p p l i e d   and  the  c i r c u l a t i n g   gas  a n d / o r   the  gas  to  be  s u p p l i e d  

be ing   h e a t e d .  

5.  P r o c e s s   a c c o r d i n g   to  the  c l a ims   1-4 ,   c h a r a c t e r i z e d   in  that   t h e  

vent  a m o u n t s   to  1-10  w . - %   of  the  to ta l   c i r c u l a t i n g   gas  s t r e a m .  



6.  P r o c e s s   a c c o r d i n g   to  the  c l a i m s   1 -5 ,   c h a r a c t e r i z e d   in  that   t h e  

l iquid   e f f l u e n t ,   prior  to  its  re turn   to  the  co lumn ,   is  g iven  a  pH  

va lue   of  at  l e a s t   8 .  

7.  P r o c e s s   a c c o r d i n g   to  the  c l a i m s   1-6 ,   c h a r a c t e r i z e d   in  that   t h e  

gas  c o n t a i n i n g   m o l e c u l a r   o x y g e n ,   wh ich   is  s u p p l i e d   to  t h e  

c o l u m n ,   is  s a t u r a t e d   with  wa t e r   v a p o u r .  

8.  P r o c e s s   a c c o r d i n g   to  the  c l a ims   1-7 ,   c h a r a c t e r i z e d   in  that   t h e  

n i t r i f i c a t i o n   ma in ly   p r o c e e d s   to  n i t r i t e .  
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