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PURIFICATION OF WASTE WATER FROM COKING AND 
COAL GASIFICATION PLANTS USING ACTIVATED CARBON 

Hara ld  JUNTGEN and Jiirgen KLEIN 

Bergbau-Forschung GmbH, Essen (W. -Germany) 

I. In t roduc t ion  

Under environmental  a spec t s  t h e  p u r i f i c a t i o n  of w a s t e  w a t e r  conta in-  
i n g  o rgan ic  subs t ances  becomes more and more impor tan t .  I t  is  known 
t h a t  t h e  convent iona l  p rocesses  , e s p e c i a l l y  b i o l o g i c a l  t echn iques  , a r e  
n o t  able t o  remove a l l  o rgan ic  compounds ou t  of t h e  wastes. These re- 
s i s t a n t  compounds i n h i b i t ,  e s p e c i a l l y  i f  they  are t o x i c ,  t h e  b i o l o g i c a l  
p rocess  of c l ean ing .  So they  accumulate i n  t h e  e f f l u e n t  water caus ing  
a p o l l u t i o n  i n c r e a s e  of our  s t r eams ,  l a k e s ,  and seas. 

problem, e. g. r e v e r s e  osmosis , p r e c i p i t a t i o n  by s p e c i a l  agen t s  I t h e  
burn ing  o f  h igh  concen t r a t ed  was te s ,  and t h e  adso rp t ion  on s u i t a b l e  
adsorbents .  

In  r ecen t  t i m e s  d i f f e r e n t  methods a r e  d i scussed  t o  s o l v e  t h i s  

Under t h e  i n d u s t r i a l  wastes t h e  pheno l i c s  from coking  and o t h e r  
coa l -us ing  p l a n t s  a r e  most undes i r ab le .  They con ta in  some compounds i n  
such a h igh  concen t r a t ion  t h a t  t hey  are p a r t i c u l a r l y  noxious.  The con- 
c e n t r a t i o n  range of some compounds conta ined  i n  was te  w a t e r  from cok- 
i n g  p l a n t s  i s  l i s t e d  i n  t a b l e  I. Depending on t h e  s p e c i a l  k ind  o f  
t r ea tmen t  systems of c o k e g a s  t h e r e  a r e  two or t h r e e  t y p e s  of 
waste water: t h e  condensate , t h e  ammoniacal l i q u o r ,  and t h e  decan te r  
waste water. W e  cons ide r  now only  t h e  condensate and the was te  water 
a f t e r  the ammonia decanter .  Fig. 1 shows a s i m p l i f i e d  scheme of a 
t r ea tmen t  system o f  coke oven gas.  The water  coming from t h e  t a r  sepa- 
r a t o r  is c a l l e d  condensate,  and a f t e r  decan t ing  t h e  uncombined ammonia 
decan te r  waste water .  

The main methods t o  c l ean  t h i s  was te  wa te r  are: 

- e x t r a c t i o n  by benzene o r  i sop ropy le the r  

- b i o l o g i c a l  t r ea tmen t  

- adso rp t ion  on a c t i v a t e d  carbon 

One o f  t h e s e  t echn iques ,  t h e  adso rp t ion ,  is i n d i c a t e d  i n  f i g .  1 as a 
p o s s i b l e  s t e p  of was te  t r ea tmen t  t o  g e t  c l ean  water.  

The e x t r a c t i o n  needs f u r t h e r  s t e p s  of p u r i f i c a t i o n  because t h e  
removal of o rgan ic  carbon by t h i s  p rocess  reaches  only  about 55 %. 

The b i o l o s i c a l  t r ea tmen t  i s  loaded wi th  many d i f f i c u l t i e s .  

Some of them w i l l  be d i scussed  he re in  s h o r t .  A s  t a b l e  I1 shows 
t h e r e  a r e  some compounds e. g. benzene , naphthalene an thracene  , H C N ,  
t h a t  cause a h igh  va lue  of TOC o r  COD, bu t  t h e  BOD-value i s  zero ,  t h a t  
means t h e s e  compounds are n o t  decomposable by microbes. Thereby d i f f e -  
r ences  can be  caused i n  t h e  va lua t ion  o f  t h e  grade of p u r i f i c a t i o n .  Up 
t o  now i n  t h e  BRD t h e  q u a l i t y  of e f f l u e n t s  a r e  o f t e n  measured by BOD- 
and CODEln-values. But as t o  be  seen  i n  t a b l e  I1 a low BOD-value of a 



t r e a t e d  waste i s  no gua ran ty  f o r  s u f f i c i e n t l y  cleaned water .  On t h e  
o t h e r  s i d e  many o f  t h e  i n o r g a n i c  sal ts  or i o n s  cause  a h igh  CODm- 
va lue ,  t h a t  cannot b e  reduced by b i o l o g i c a l  decomposition. 

Moreover, the o p e r a t i o n  of a b io t r ea tmen t  p l a n t  i s  very  compli- 
cated. P a r t i c u l a r  c o n d i t i o n s  a re  t o  be adhered t o ,  t o  enab le  a h igh  
e f f i c i e n c y  of t h e  p u r i f i c a t i o n  process .  The l i m i t i n g  va lues  of some 
c o n t r a r i e s  t o  t h e  t h r e e  main decomposing compounds of coking p l a n t  
e f f l u e n t s  a re  s e t  o u t  i n  table 111. I t  shows t h a t  t h e s e  compounds 
exercise a s t r o n g  i n f l u e n c e  of t h e  decomposition of each o t h e r .  

The adso rp t ion  on a c t i v a t e d  carbon nowadays o f t e n  used i n  advanc- 
ed t r e a t m e n t  systems f o r  rec lamat ion  o f  d r ink ing  water can h e l p  t o  
solve t h e  problems o f  p u r i f i c a t i o n  of h igh  concen t r a t ed  i n d u s t r i a l  
e f f l u e n t s  l i k e  pheno l i c  wastes. I n  t h e  fo l lowing  it s h a l l  be po in ted  
o u t ,  which parameters  l e a d  t o  t h e  des ign  o f  an adso rp t ion  p l a n t  and 
how i t  works. 

11. Determination o f  des ign  parameters 

The use o f  a c t i v a t e d  carbon f o r  i n d u s t r i a l  was tes  p o s t u l a t e s  spe- 
c i a l  c h a r a c t e r i s t i c s  of t h e  carbon and t h e  process  of adso rp t ion  and 
r e a c t i v a t i o n .  The carbon must have a h igh  i n t e r n a l  s u r f a c e  a r e a  p e r  
u n i t  volume and s p e c i a l  adso rp t ion  a f f i n i t y  t o  t h e  waste wa te r  com- 
pounds, fur thermore ,  from t h e  economic p o i n t  of view an extreme hard- 
n e s s  and low r e a c t i v i t y  of t h e  carbon i s  impor tan t  t o  make i t s  reac-  
t i v a t i o n  and r euse  p o s s i b l e .  The des ign  o f  t h e  adso rp t ion  u n i t  and t h e  
o p e r a t i o n  of t h e  a d s o r p t i o n  p rocess  must a l l o w  t h e  b e s t  use  of t h e  ad- 
s o r p t i o n  capac i ty  o f  t h e  carbon t o  minimize t h e  c y c l i n g  amount of ac- 
t i v a t e d  carbon. The r e a c t i v a t i o n  of t h e  charged carbon has  t o  be  per -  
formed a t  such c a r e f u l l y  c o n t r o l l e d  cond i t ions  t h a t  t h e  adso rp t ion  ca- 
p a c i t y  o f  t he  carbon i s  f u l l y  rega ined  and t h e  carbon l o s s  i s  a t  a 
minimum. Bergbau-Forschung has  developed a process  of waste water  
t r e a t m e n t  by a c t i v a t e d  carbon t h a t  combines t h e s e  requirements.  T o  de- 
te rmine  t h e  des ign  parameters  of such an i n t e g r a t e d  a d s o r p t i o n / r e a c t i -  
v a t i o n  p l a n t  w e  use a serie of tests t h a t  w i l l  be d i scussed  now i n  
b r i e f .  

11 .1  AdsorEtion i so the rms  

e f f l u e n t ,  adso rp t ion  i so the rms  would be  run on va r ious  r e p r e s e n t a t i v e  
samples t o  determine t h e  f e a s i b i l i t y  o f  u s ing  a c t i v a t e d  carbon t o  re- 
move t h e  o rgan ic s  from t h i s  waste and t o  f i n d  t h e  most s u i t a b l e  carbon 
as w e l l  a s  i ts g r a i n  s i z e  f o r  t h e  so rbab le  components. This  t es t  con- 
sists o f  con tac t ing  a f i x e d  q u a n t i t y  o f  waste wi th  va ry ing  amounts of 
carbon f o r  a given t i m e .  The amount of o rgan ic  removal a t  t h e  vary ing  
dosages is  determined by  TOC-measurement and g ives  an i n d i c a t i o n  of 
t h e  amount of carbon r e q u i r e d  t o  t r e a t  t h i s  p a r t i c u l a r  waste. 

1 1 . 2  Column test 
With the  knowledge of kind and g r a i n  s i z e  o f  a c t i v a t e d  carbon t h e  

nex t  test i s  t o  be run. The was te  wa te r  a t  a cons tan t  bu t  i n  s e v e r a l  
runs vary ing  f low-ra te  p a s s e s  through a carbon column of a s u i t a b l e  
l eng th  and diameter which depends on t h e  used g r a i n  s i z e .  By measuring 
t h e  concen t r a t ion  of s o r b a b l e  compounds i n  s e v e r a l  h e i g h t s  of l a y e r  a s  
a f u n c t i o n  of t ime or throughput  t h e  so -ca l l ed  curve of breakthrough 
can be achieved b y  e q u a t i o n  1 .  

---------- -------------- 
Knowing t h e  waste water ana lys i s  and t h e  d e s i r e d  q u a l i t y  of t h e  

---------------- 
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Using t h e  mass-transfer-zone concept i t  is p o s s i b l e  
t h e s e  curves t h e  e s s e n t i a l  Darameters f o r  d e s i m  as 

t o  determine from 
it i s  shown i n  t h e  

scheme of f i g .  2 .  A t  f i r s t  ;he v e l o c i t y  o f  the-mass- t ransfer -zone  be- 
tween t h e  l a y e r  h e i g h t s  H1 and H2 has  t o  be determined by equat ion  2 .  

H 2  - H 1  v =  
tH2 - t H 1  

I n  t h e  continuous p rocess  VF i s  e q u i v a l e n t  t o  t h e  v e l o c i t y  of a c t i v a -  
t e d  carbon V c i r c u l a t i n g  t h e  a d s o r p t i o n / r e a c t i v a t i o n  p l a n t ,  ca l cu la -  
t e d  by equat fon  3 .  

Vc = vF - A A = s e c t i o n a l  adso rbe r  a r e a  3 )  

The width  of t h e  mass-transfer-zone HMTz, given by equa t ion  4 ,  

depends on t h e  s l o p e  of t h e  breakthrough curve and g i v e s  t h e  minimum 
he igh t  of t h e  adso rp t ion  l a y e r .  I n  t h e  i d e a l  ca se  VF and Hmz a r e  i n -  
dependent from t h e  p o s i t i o n  o f  l a y e r ,  and cons t an t  du r ing  t h e  p rocess  
of adsorp t ion .  A very  impor t an t  f a c t o r  i s  t h e  achieved adso rba te  load- 
i n g  of  t h e  carbon l a y e r ,  c a l c u l a t e d  by equat ion  5 .  

-Gw ( t)  t Cw ( t)= mass flow o f  waste 

Mc 0 Mc = carbon amount i n  
Q( t )  = - J (c, - C )  d t  water 5 )  

adsorber  
The h ighe r  t h e  loading ,  t h e  less carbon i s  requ i r ed  p e r  u n i t  volume of 
waste and consequently t h e  less i s  t h e  consumption o f  energy and carbon 
loss dur ing  r e a c t i v a t i o n .  

To have an i d e a  of t h e  adso rp t ion  t e s t s  some i so therms a r e  shown 
i n  f i g .  3.  The upper diagram on t h e  l e f t  hand s i d e  shows i so therms o f  
t h r e e  types  of a c t i v a t e d  carbon t r e a t e d  wi th  t h e  same waste. The s l o p e  
o f  t h e  curves  and t h e  va lues  o f  charge  i n d i c a t e  which o f  t h e  t h r e e  
carbons a r e  t h e  most s u i t a b l e  ones f o r  c l ean ing  t h e  s p e c i a l  waste.  TO 
g e t  t h e  s p e c i f i c  adso rp t ion  c a p a c i t y  p e r  u n i t  volume t h e  va lues  of ad- 
s o r b a t e  loading  are t o  be  m u l t i p l i e d  by t h e  bulk d e n s i t y  of t h e  carbon. 
The lower diagram shows i so therms of t h r e e  d i f f e r e n t  t y p e s  of coking 
p l a n t  e f f l u e n t s  t r e a t e d  wi th  t h e  same a c t i v a t e d  carbon. A s  t o  be seen  
t h e  i so therms d i f f e r  remarkably due t o  t h e  d i f f e r e n t  k i n d  and con ten t  
of compounds. On t h e  r i g h t  hand s i d e  i n  t h e  upper diagram two adsorp- 
t i o n  i so therms are shown. They a r e  determined by t r e a t m e n t  of one c a r -  
bon wi th  condensate (curve 1 )  and decan te r  waste (curve  2 )  of t h e  cok- 
i n g  p l a n t  Xamp-Lintfort. Here t h e  h i g h e r  TOC-content causes  a h i g h e r  
value of charging. I n  t h e  lower diagram two curves  are shown which a r e  
c a l c u l a t e d  from t h e  breakthrough curves  of p i l o t  column tests.  Although 
t h e  TOC-contents of t h e  wastes a r e  equa l  t o  those  from t h e  curves i n  
t h e  upper diagram, t h e  achieved va lues  of charge on t h e  same carbon 
are d i f f e r e n t .  The e f f e c t  can be expla ined  by t h e  d i f f e r e n t  cond i t ions  
of l ab - sca l e  t es t  and p i l o t  column tes t .  In  t h e  l a b  t e s t  t h e  i s o t h e r m  
a r e  go t  a t  dec reas ing  concen t r a t ion ,  i n  t h e  column t e s t  t h e  carbon i s  . 
t r e a t e d  a t  quas i - cons t an t  concen t r a t ions .  As w e  have found o u t  f o r  d i f -  
f e r e n t  t ypes  of was tes  wi th  a complex mixture o f  compounds, d i f f e r i n g  
i n  adso rp t ion  a f f i n i t y  t o  t h e  carbon, i n  t h e  f i r s t  phase  of adso rp t ion  
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a h i g h e r  loading  is  achieved  a t  dec reas ing  concen t r a t ion .  Lateron it 
might happen t h a t  t h e  h i g h e r  concen t r a t ion  i n  t h e  column test  causes 
a h i g h e r  adsorba te  load ing ,  b u t  o f t en  t h e  a c t i v e  c e n t e r s  of t h e  car- 
bon a r e  blocked so t h a t  no  i n c r e a s e  i n  charge i s  p o s s i b l e .  

Fig. 4 shows r e p r e s e n t a t i v e  breakthrough curves measured i n  p i l o t  
column tests wi th  d e c a n t e r  was te  of a TOC-content of 1000 mg/l a t  a 
f low-ra te  of 10 m/h. The s t e e p  s lope  of t h e  curves  is brought about by 
t h e  f a s t  k inet ics  o f  a d s o r p t i o n  s t and ing  o u t  f o r  t h e  main compounds of 
t h e  waste. Furthermore,  t h e  curves  a r e  p a r a l l e l  t o  each o t h e r  showing 
a cqns t an t  v e l o c i t y  of the mass-transfer-zone. S teep  and p a r a l l e l  
curves  i n d i c a t e  a sma l l  zone o f  mass-transfer,  t h a t  means t h e  r equ i r ed  
h e i g h t  o f  carbon l a y e r  is low. 

11.3 Regeneration t e s t  

r a t i o n  o f  t h e  loaded carbon,  although of g r e a t  importance,  has  been 
n o t  s u f f i c i e n t l y  i n v e s t i g a t e d  till now. Our i n v e s t i g a t i o n s  show t h a t  
t h e r e  are two s t e p s :  f i r s t  t h e  desorp t ion  of r e v e r s i b l y  bonded com- 
pounds and second t h e  r e a c t i v a t i o n  wi th  steam or s i m i l a r  gases t o  de- 
s t r o y  those  compounds t h a t  a r e  i r r e v e r s i b l y  bonded o r  decomposed on 
t h e  i n t e r n a l  s u r f a c e  o f  t h e  carbon du r ing  t h e  h e a t i n g  phase. With a 
s p e c i a l  arrangement of thermal-balance , gaschromatograph and mass- 
spec t romete r ,  we have i n v e s t i g a t e d  t h e  de- 
s o r p t i o n  process .  Thereby it i s  n o t  on ly  p o s s i b l e  t o  i d e n t i f y  t h e  ad- 
so rbed  subs t ances ,  w e  g e t  also informat ion  about t h e  q u a n t i t y  of de- 
so rbed  products  and t h e  p o s s i b i l i t y  o f  recover ing  va luab le  by-products 
from t h e  waste. Fur thermore ,  it can be  checked i n  which p o s i t i o n  of 
t h e  adso rbe r  u n i t  t h e  s i n g l e  components of t h e  was te  are adsorbed. 
Fig.  5 shows deso rp t ion  cu rves  o f  compounds o u t  o f  d i f f e r e n t  wastes.  
The cu rves  i n  t h e  lower d iagram are gained from carbons  loaded i n  de- 
c a n t e r  waste water  w i th  a TOC-content of 1000 mg/l, t aken  from a pos i -  
t i o n  of t h e  column n e a r  t h e  w a t e r  i n l e t .  The main subs t ances  a r e  phe- 
n o l ,  c r e s o l ,  naphthalene and SO2 from decomposition o f  su lphorous  com- 
pounds. Is t h e  carbon charged  i n  t h e  condensate a f t e r  t h e  t a r  separa- 
t o r  t h e  main subs t ances  are a s  shown i n  t h e  upper diagram: phenol ,  
c r e s o l ,  naphtha lene  , bu t  a d d i t i o n a l  dimethylphenol and hydrocarbons 
C3 and C8. 

Fig. 6 shows d e s o r p t i o n  cu rves  from carbon samples i n  d i f f e r e n t  
p o s i t i o n s  o f  a column t r e a t e d  wi th  decan te r  waste. The carbon o f  t h e  
adsorber  o u t l e t  i s  mainly charged wi th  phenol and su lphorous  compounds. 
I n  t h e  middle of t h e  column a l s o  c r e s o l  i s  adsorbed ,  and i n  t h e  f i r s t  
l a y e r  of carbon a t  t h e  column i n l e t  naphtha lene  is predominantly ad- 
sorbed. From t h i s  exper iments  one can g e t  a concen t r a t ion  p r o f i l e  of 
adsorbed subs tances  over  t h e  l eng th  of t h e  carbon column, as shown i n  
f i g .  7. 

------- -------------- 
Is t h e  adso rp t ion  i n  g e n e r a l  we l l  understood, t h e  thermal  regene- 

The simultaneous p r o c e s s e s  of deso rp t ion  and r e a c t i v a t i o n  a r e  s t u -  
d i e d  i n  lab-sca le  f l u i d i z e d  bed which was ope ra t ed  batchwise.  With 
t h i s  se t -up  t h e  c o n d i t i o n s  f o r  t h e  r egene ra t ion  o f  loaded carbons a r e  
exper imenta l ly  determined. A f t e r  t h e  column t e s t  t h e  charged carbon i s  
r egene ra t ed  i n  t h i s  f l u i d i z e d  bed by vary ing  tempera ture  , res idence  
t i m e ,  and p a r t i a l  p r e s s u r e  o f  s team o r  o t h e r  r e a c t i v e  gases .  By measu- 
r i n g  t h e  adso rp t ion  a c t i v i t y  and t h e  carbon loss of t h e  r e a c t i v a t e d  
carbon t h e  cond i t ions  f o r  r egene ra t ion  a r e  optimized. These d a t a  and 
t h e  amount o f  c i r c u l a t i n g  carbon lead  t o  t h e  des ign  of t h e  r eac t iva -  
t i o n  u n i t .  

4 
I 

1 
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111. P i l o t  p l a n t  

With t h e  d a t a  ob ta ined  i n  t h e  above desc r ibed  tes ts  it i s  pos- 
s i b l e ,  on p r i n c i p l e  , t o  des ign  an i n t e g r a t e d  a d s o r p t i o n / r e a c t i v a t i o n  
p l a n t .  But f o r  commercial purposes it i s  necessa ry  t o  run  tes ts  f o r  
Some t i m e  wi th  a p i l o t  column a t  t h e  w a s t e  producing p l a n t ,  because 
t h e  o p e r a t i o n a l  was tes  can s t r o n g l y  change i n  amount and concent ra -  
t i o n  due t o  t h e  rhythm o f  product ion .  

Bergbau-Forschung, as a r e s e a r c h  i n s t i t u t e  of t h e  mining compa- 
n i e s  o f  WestemGermany, has i n v e s t i g a t e d  wi th  p r i o r i t y  t h e  was te  wa te r  
from coking p l a n t s .  A p i l o t  adso rp t ion  p l a n t  w i th  a maximum through- 
p u t  o f  300 l / h  was i n  ope ra t ion  f o r  t w o  yea r s , and  some of t h e  r e s u l t s  
s h a l l  now be po in ted  ou t .  The flow scheme of t h e  p i l o t  adso rp t ion  p l a n t  
i s  shown i n  f i g .  8. A s i d e  s t r eam o f  decan te r  waste w a t e r  i s  pumped 
t o  a wa te r  r e c e i v e r  through a p r e f i l t e r ,  t o  remove t h e  mechanical im-  
p u r i t i e s .  From t h i s  t h e  waste wa te r  flows from bottom t o  t o p  through 
t h e  adso rp t ion  columns. The d i scha rge  o f  t h e  adsorbent  can t a k e  p l a c e  
through a s p e c i a l  o u t l e t  mechanism dur ing  ope ra t ion .  The f i l l i n g - u p  
of t h e  carbon i s  c a r r i e d  ou t  h y d r a u l i c a l l y  by wa te r  from t h e  r e c e i -  
ver. The f low-ra te  th rough t h e  adso rbe r  w a s  changed between 1 and 
2 0  m/h. To have t h e  p o s s i b i l i t y  of measuring t h e  breakthrough of t h e  
mass-transfer-zone i n  d i f f e r e n t  h e i g h t s  t h e  carbon column h a s  a l eng th  
o f  5 m and t h e  TOC-content as a func t ion  o f  l a y e r  h e i g h t  w a s  continu- 
ous ly  recorded. The t y p i c a l  curves  of breakthrough,  measured i n  t h i s  
p i l o t  columns, a r e  a l r e a d y  shown i n  f i g .  4 .  To g e t  a s u f f i c i e n t l y  
c leaned  w a t e r  t h e  TOC-measurement i n  t h e  l a y e r  h e i g h t  o f  2.50 m was 
taken  a s  sett ing-means f o r  carbon d ischarge .  A reaching  of breakthrough 
o f  95 % input -concent ra t ion  a t  t h i s  p o s i t i o n  l e d  t o  t h e  d i scha rge  o f  
t h i s  completely loaded carbon l a y e r  du r ing  ope ra t ion ,  and t h e  f i l l i n g -  
up of t h e  2.50 m column wi th  f r e s h  r e sp .  r e a c t i v a t e d  carbon. 

F ig .  9 p r e s e n t s  t h e  d a t a  of TOC-removal ove r  an o p e r a t i o n  time 
o f  10 months. As t o  be s e e n  t h e  i n p u t  TOC ranges between 800 and 
1900  mg/l, t h e  ou tpu t  between 80 and 250 mg/l. It was p o s s i b l e  t o  show 
t h a t  t h e  ou tpu t  TOC w a s  caused by cyanides  and th iocyana te s .  The loa- 
ded carbon was r e a c t i v a t e d  i n  a r e a c t i v a t i o n  p i l o t  p l a n t  on t h e  
Bergbau-Forschung area. From f i g .  9 it can be seen  t h a t  i n  t h e  t e n  
months of ope ra t ion  t h e  whole adsorber  f i l l i n g  w a s  r e a c t i v a t e d  29 
times. 

I 

A more d e t a i l e d  informat ion  g ives  f i g .  IO. Here t h e  TOC and BOD- 
I con ten t  i s  p l o t t e d  a g a i n s t  t h e  ope ra t ion  t i m e .  As t o  be seen  t h e  re- 

ranges  f o r  TOC between 90  and 95 % and f o r  BOD between 82 and 99 %. 
For t h e s e  tes ts  w e  used d i f f e r e n t  a c t i v a t e d  carbon wi th  t h e  same g r a i n  
s i z e  o f  2 mm and d i f f e r e n t  f low r a t e s  t o  determine t h e i r  i n f l u e n c e  on 
t h e  impor tan t  parameters  l i k e  wid th ,  Hmz, and v e l o c i t y ,  vF, of t h e  
mass-transfer-zone, and t h e  load ing  of t h e  used carbon. I n  f i g .  11  

t h e  range from 340 t o  500 g/1 bulk d e n s i t y  has no remarkable i n f l u -  
ence ,  b u t  a change i n  t h e  flow rate from 5 t o  2 0  m/h doubles  t h e  va- 
l u e  of HEIT,. 

f luenced  by bulk d e n s i t y  and flow r a t e  a s  shown i n  f i g .  12. The 
achievable  charge of t h e  carbon does n o t  apprec i ab ly  depend on bulk 
d e n s i t y ,  flow r a t e ,  and concen t r a t ion  as shown i n  f i g .  13. 

I moval of COD i s  d i f f e r e n t  from t h a t  of TOC. The percentage  removal 

1 

b HMTZ i s  p l o t t e d  as a func t ion  of flow rate and bulk d e n s i t y .  Within 

I n  a similar way t h e  v e l o c i t y  of t h e  mass-transfer-zone VF i s  i n -  
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The success  o f  r e a c t i v a t i o n  i s  shown i n  f i g .  1 4 .  It w a s  p o s s i b l e  
t o  o p e r a t e  a t  such c o n d i t i o n s  t h a t  t h e  adso rp t ion  a c t i v i t y ,  se t  f o r t h  
f o r  l oad ing  and Hmz, c o u l d  always be r ega ined  f o r  any number o f  ad- 
s o r p t i o n / r e a c t i v a t i o n  c y c l e s .  Fo r  t h e  o p e r a t i o n  costs t h e  knowledge 
o f  t h e  carbon loss is v e r y  impor tan t .  F ig .  15 shows t h a t  a f t e r  a . f i r s t  
p e r i o d  of d i f f e r e n t  c o n d i t i o n s  i n  t h e  r e a c t i v a t i o n  u n i t  t h e  carbon 
loss g o t  i n t o  i t s  s t r i d e  o f  2 t o  2.5 %. During t h e  two y e a r s  of p i l o t  
p l a n t  ope ra t ion  w e  got t h e  average  va lues  of  removal o f  t h e  main i m -  
p u r i t i e s  of the  w a s t e  l i s t e d  i n  t a b l e  I V .  

I m p u r i t i e s  

phenols 
cyanide 
th iocyana te  
i r o n  
s o l i d s  
TOC 

CODm 

Content 

(mg/l) 

650 - 1 4 0 0  
5 - 35 

120 - 450 
4 0  - 150 

300  - 3000 
800 - 2000  

2000 - 4000 

Removal 

( % I  

> 99 
45 - 7 0  

3 0  - 80 
30 

> 99 
85 - 95 
8 0  - 99 

T a b l e  I V :  Content o f  main i m p u r i t i e s  i n  decan te r  waste 
and its removal by adso rp t ion  

I V .  Demonstration p l a n t  

The good r e s u l t s  of p i l o t  p l a n t  o p e r a t i o ?  gave rise t o  p l a n  a 
demonst ra t ion  p l a n t  w i t h  a throughput o f  25 m /h,  t h a t  i s  t h e  e f f l u e n t  
o f  a medium s i z e d  coking  p l a n t .  T a b l e  V g i v e s  t h e  e s s e n t i a l  des ign  
d a t a  ob ta ined  from p i l o t  p l a n t  r e s u l t s .  Fig.  16 shows a scheme of t h e  
p r o j e c t e d  p l a n t .  From a tank  1 t h e  was te  wa te r  i s  pumped through a 
two-stage p r e f i l t e r ,  t h e n  uniformly d i s t r i b u t e d  by a s u i t a b l e  system 
ove r  t h e  c r o s s  s e c t i o n  o f  t h e  adso rbe r  f lowing  from t h e  bottom t o  t h e  
t o p  where it l e a v e s  t h e  adso rbe r  s u f f i c i e n t l y  cleaned. The d i s t r i b u -  
t i o n  sys tem a l lows  also a p l ane  p a r a l l e l  d i scha rge  of t h e  charged ac- 
t i v a t e d  carbon. With an a i r - l i f t  pump 5 t h e  carbon i s  t r a n s p o r t e d  up 
t o  a dewater ing  s c r e e n  6 and t h e n  dosed wi th  a feeding-screw 9 i n t o  
t h e  r e a c t i v a t i o n  u n i t  I O .  The r e a c t i v a t e d  carbon i s  completely wet ted  
i n  t h e  quench tank  11 and then  f e d  back i n t o  t h e  adsorber .  The d e t a i l  
e n g i n e e r i n g  of t h i s  p l a n t  has begun, and w e  hope t h a t  it w i l l  be under 
c o n s t r u c t i o n  by t h e  end o f  t h e  year .  

4 
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waste amount 
ave r  age TOC- conten t 
flow r a t e  
a c t i v a t e d  carbon : bulk d e n s i t y  

g r a i n  s i z e  
TOC-removal 
adsorba te  load ing  
c i r c u l a t i n g  carbon 
carbon loss 

25 m3/h 

1000 mg/l 
10 m/h 

450 g /1  
2,o mm 

95 % 

70 kg C/m3 

0.3 m3/h 
0 .14  kg/m was te  3 

T a b l e  V: Design d a t a  f o r  t h e  demonst ra t ion  p l a n t  

V. Waste water from g a s i f i c a t i o n  p l a n t s  

Due t o  t h e  r i s i n g  demand o f  energy ,  coal g a s i f i c a t i o n  h a s  become 
urgent .  Also  i n  t h e  BRD i n v e s t i g a t i o n s  are made t o  develop new techno- 
l o g i e s  of g a s i f i c a t i o n .  A s  ca rbon iza t ion  i s  t h e  f i r s t  s t e p  of t h e  ga- 
s i f i c a t i o n  p rocess  it is  obvious t h a t  t h e  compounds con ta ined  i n  t h e  
produced waste water are similar t o  t h o s e  conta ined  i n  coking  p l a n t  
e f f l u e n t s .  Lab  tests wi th  waste wa te r  from a semi techn ica l  g a s i f i c a t i o n  
p l a n t  which o p e r a t e s  a t  4 0  atm and tempera tures  of about 9 0 0  OC t o  ga- 
s i f y  5 kg  c o a l  p e r  hour wi th  steam i n  a f l u i d i z e d  bed, have shown t h a t  
t h e  removal of t h e  o r g a n i c  i m p u r i t i e s  by adso rp t ion  on a c t i v a t e d  car- 
bon i s  poss ib l e .  A t  a TOC-content o f  700 mg/$ t h e  achieved adsorba te  
load ing  on t h e  carbon AW2-450 is even h i g h e r  than  t h a t  of t h e  same 
carbon t r e a t e d  wi th  d e c a n t e r  waste. A s  w e  found t h e  c a l c u l a t e d  va lues  
of width and v e l o c i t y  of t h e  mass-transfer-zone are i n  t h e  same magni- 
t ude  as those  determined wi th  d e c a n t e r  waste. To g e t  des ign  parameters  
f o r  commercial p l a n t s  w e  p l a n  p i l o t  column tes ts  a t  a g a s i f i c a t i o n  p i -  
l o t  p l a n t  which i s  under c o n s t r u c t i o n  and w i l l  have an throughput of 
200 kg coa l  p e r  hour ,  resp .  a waste product ion  o f  about 0.5 m3/h. 

V I .  Conclusion 

I n  t h e  i n v e s t i g a t i o n s  desc r ibed  i n  t h i s  pape r  it was t h e  aim to  
optimize t h e  adso rp t ion  and r egene ra t ion  s t e p  i n  o rde r  t o  achieve  a 
h igh  adso rp t ion  e f f i c i e n c y  and a l o w  carbon loss. By i n t e g r a t e d  opera- 
t i o n  o f  t h e  adso rp t ion  i n  a moving bed and t h e  r egene ra t ion  i n  a f l u i -  
d i zed  bed it i s  p o s s i b l e  t o  p u r i f y  coking p l a n t s  e f f l u e n t s  s u f f i c i e n t l y ,  
and r egene ra t e  t h e  loaded carbon a t  a carbon loss less t h a n  3 %, resto- 
r i n g  t h e  adsorp t ion  c a p a c i t y  s imul taneous ly .  These promising r e s u l t s  
have l e d  t o  t h e  des ign  o f  a demonst ra t ion  p l a n t  f o r  p u r i f i c a t i o n  o f  
25 m3/h decan te r  waste.  

Compared wi th  t h e  convent iona l  waste wa te r  t r ea tmen t  systems the  
fo l lowing  advantages of an i n t e g r a t e d  a d s o r p t i o n / r e a c t i v a t i o n  system 
have t o  be  po in ted  o u t  
1. removal of o rgan ic  contamination t o  minimal concen t r a t ions  
2 .  no a d d i t i o n a l  d i s p o s a l  or p o l l u t i o n a l  problems a r e  c r e a t e d  
3. a d a p t a b i l i t y  t o  changes i n  q u a l i t y  and amount of t h e  e f f l u e n t  i n  

a wide range by change i n  amount of  carbon c i r c u l a t i n g  t h e  adsorp- 

h 
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t i o n / r e g e n e r a t i o n  p l a n t  
4 .  r egene ra t ion  of t h e  carbon a l lows  its r e u s e  f o r  many cyc le s  
5. a very smal l  f l o o r  s p a c e  r equ i r ed .  

These advantages r e s u l t  i n  t h e  f a c t  t h a t  adsorp t ion  on a c t i v a t e d  
' c a rbon  i s  a s u i t a b l e  p r o c e s s  f o r  t h e  p u r i f i c a t i o n  of concen t r a t ed  i n -  
d u s t r i a l  wastes. 



c 
compound i n  TOC CODW s o l u t l o n  

(100 mg/l )  (mg/l)  (mg/ l )  

N a C l  0 3 , 3  
0 N H q C l  9 , 1  

H2S 

Na2C03 1 1 , 3  
NHiSCN 1 5 , 8  64 

0 190 
HCN 
p h e n o l  76,6 238 
o-cresol 77'7 173 
m-cresol 77 ,7  172 
p y r i d i n e  75 ,7  Ot6 

70,s  0,2 

benzene  9 2 , 5  0 8 8  
n a p h t h a l e n e  93 ,6  23,4 
a n t h r a c e n e  9 4 , 5  16 ,2  
C1-ion 0 5 , s  
SCN-ion 20 ,7  77,6 
SOj-ion 0 19 ,7  

L 

BOD5 

(mg/ l )  

- - - - 
187 

0 
178 
164 
170 
115 

0 
0 
0 

- - 
- 

T a b l e  I: Composi t ion  o f  waste water from c o k i n g  p l a n t s  

~~~ 

compounds 

NH3 ( t o t a l )  
NH3 (uncom- 

b i n e d )  

c o 2  
H2S 
HCN 

HCNS 

p h e n o l s  

p y r i d i n e b a s e s  
f i x .  a c i d s  

pH-value 

c o n d e n s a t e  

(mg/l)  

6 0 0 0  - 8000 

2000 - 6000 

2400  - 3900 

300 - 900 
55 
50 

700 - 3200 
200 - 500 

8,O - 9,0 

8500 - 15000 
8000 - 12000 

3000 - 14000 
1000 - 5000 

200 - 2000 
700 - 1200 

2000 - 3000 
100 - 2 0 0  

3400 - 5600 

9.0 - 9.5 

2 0  - 4500 
2 0  - 1000 

- 
2 - 50 

0 - 20 
0 - 800 

50  - 2500 
- 

2 0  - 600 

5,O - 1 1 , s  

I T a b l e  11: C h a r a c t e r i s i n g  v a l u e s  o f  compounds from c o k i n g  l- p l a n t  e f f l u e n t s  
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phenols ammonium 
thiocyanate 

sulphide 
metal-ions 

thiocyanate anunoniumchloride 
thiosulphate 

phenols 
metal-ions 

ammonia phenols 
thiocyanate 

I cyanide 

Table 111: Limiting values for biologica l  treatment of 
coking plant e f f luents  
temperature : 
pH-value : 6,5  - 8,0 
phenol-content: < 500 mg/l 

25 - 35 OC 

contraries compounds 
to decompose l imit ing values 

(mg/l) 

1700 
2 5 0  

25  
5 

1000 
100 

25 
5 

5 0  
1 0  
1 0  



77 

BF 
197L 

I 

C 

5179 
F i r , .  1 : Treatment system of coke oven gas 
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1976 5189 pig. ::Adsorption isotherms for different 

wastes and activated carbons 

VERSUCHS-NR 3 

Fiq. 4 :  
TOC-breakthrough measured in pilot column test 

with decanter waste (flow-rate 10mlh I 
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rmwnt ot d.rorm compounds 1 

I- tota l  
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1.0 - 

0.5 - 

0- , 
0 5,b bed depth I 

Desorption of compounds from 
octivatad carbon lcolumntestl 1 9 7 4  S F  I 

ammonia ab 

1 decanter 

4 9 
10 

9 conveymq water 
2 heal exchanger 6 a d r o r p l m  column 10 discharge 
3 pump 7 tank 11 ,clean water 
4 pr.1ilt.r 8 back washing 

Purification of coking plant effluents 
- Di lOt  Dlants flow sheet - ig. '' 
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5180 Purification of coking plont effluents 
Fig 'GSesults of pilot plant operation - 
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Fig. 1 2  : Purificationof coking plant offluonts 
- rosultr d pilot plant opomt i  - 52 10 



83 

I 

2 
$ 10 'Is 

cyclcsof adsorptiodregenartlor 0 

5211 BF F i n .  1 4  : Purification of coking plant effluents 
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5213 
Fig. 15: Purificationof coking plant effluents 

results d pilot plant opmhon 

I '- I 

1 waste water tank 6 dewatering screen I1  quench tank 
2 prefilter 7 receiver 12 cyclone %paralor 
3 adsorber 8 intermediate vessel 13 receiver 
4 water distribution 9 feeding screw I 4  tank 
5 air lift pump 10 reactivation unit 15 afterburner 

ia. 1 6 :  

heme of demonstrution plant 25m3lh I 5 1 9  3 


