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TIlERIL'AL REGENERATION O F  ACTIVATED CARBOIIS 
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I n t r o d u c t i o n  

Granu la r  a c t i v a t e d  ca rbons  a r e  used  i n  t e r t i a r y  treat-  
ment of  was te  water i n  s e v e r a l  t r e a t m e n t  p l a n t s ,  a s  a t  Pomona, 
C a l i f o r n i a ,  and South  Lake Tahoe, C a l i f o r n i a ,  t o  name t w o .  
Waste water, from t h e  secondary  t r e a t m e n t ,  is  p a s s e d  th rough  
carbon beds which then  remove t h e  b i o l o g i c a l l y  nondegradable  
i m p u r i t i e s  and t h e r e b y  produce w a t e r  e s s e n t i a l l y  f r e e  of o r g a n i c  
i m p u r i t i e s .  

A n  impor t an t  phase  of t h e  carbon t r e a t m e n t  i s  t h e  
r e g e n e r a t i o n  t o  p e r n i t  r e u s e  of the carbon o v e r  many c y c l e s .  
?he r e g e n e r a t i o n  i s  accompl ished  t h e r m a l l y  i n  m u l t i p l e - h e a r t h  
f u r n a c e s ,  u s i n g  f l u e  g a s  as s o u r c e  of  a c t i v a t i n g  g a s e s  a s  w e l l  
a s  f o r  h e a t i n g .  O p e r a t i o n s  of t h e s e  p l a n t s  h a s  demons t r a t ed  
a p h y s i c a l  loss of  carbon v a r y i n g  from 5 %  t o  1 0 %  p e r  r e g e n e r a t i o n .  
On each  r e g e n e r a t i o n  t h e  carbon a l s o  loses some of i t s  a d s o r p t i v e  
c a p a c i t y .  F i g u r e  1 p r e s e n t s  d a t a ,  o b t a i n e d  a t  t h e  Pomona p l a n t ,  
showing t h e s e  d e c r e a s e s  i n  a c t i v i t y .  The i o d i n e  number of t h e  
v i r g i n  carbon i s  1090 mg/g and a f t e r  10 c y c l e s  i t  h a s  dec reased  
t o  6 0 8  mg/g. Over t h e  same c y c l e s ,  t h e  a d s o r p t i o n  of w a t e r  
s o l u b l e  COD i n p u r i t i e s  dec reased  from 53% down t o  abou t  39% w i t h  
some l e v e l i n g  off  s t a r t i n g  a t  t h e  5 t h  c y c l e .  

To improve t h e  economics o f  t h e  ca rbon  t r e a t m e n t ,  
i t  is  n e c e s s a r y  t o  f i n d  means f o r  d e c r e a s i n g  t h e  p h y s i c a l  loss 
of carbon and loss of  a d s o r p t i v e  c a p a c i t y .  

Labora tory  S t u d i e s  t o  Improve Carbon Regene ra t ion  

Mine S a f e t y  App l i ances  Research  C o r p o r a t i o n  has  con- 
duc ted  a r e s e a r c h  program sponsored  by t h e  F e d e r a l  Water P o l l u t i o n  
C o n t r o 1 , A d m i n i s t r a t i o n  t o  s t u d y  t h e  r e g e n e r a t i o n  process and 
de termine  optimum c o n d i t i o n s  t o  r educe  carbon losses and adsorp- 
t i v e  c a p a c i t y .  The r e g e n e r a t i o n s  w e r e  done i n  an  i n d i r e c t l y  
hea ted  r o t a r y  t u b e  r e g e n e r a t o r  shown i n  F i g u r e  2.  Two of t h e  
main components are t h e  r o t a r y  t u b e ,  3.25 i n .  i n s i d e  diameter 
and 6 5  i n .  l e n g t h ,  and t h e  t h r e e  e l e c t r i c a l l y  h e a t e d  fu rnace  
s e c t i o n s  which can  be c o n t r o l l e d  s e p a r a t e l y .  Each end  of t h e  



r o t a r y  t u b e  i s  capped o f f  w i t h  a r o t a r y  sea l ,  i n s u r i n g  no 
loss  of i n p u t  and o u t p u t  g a s e s .  The g a s  t empera tu re  is meas- 
u red  a t  f i v e  p o i n t s  over t h e  carbon bed. Carbon and g a s  f lows  
a r e  c o u n t e r - c u r r e n t .  

The r e g e n e r a t i n g  g a s e s  arc m i x t u r e s  o f  K 2 ,  C 0 2  and 
steam, g e n e r a l l y  made up i n  p r o p o r t i o n s  n o t  t oo  g r e a t l y  
d i f f e r e n t  from fluc g a s .  The N and  C 0 2  a re  metere? from 
compressed gas  c y l i n d e r s .  
s t e a m  g e n e r a t i o n .  

A cal ibrated b o i l e r  i s  used f o r  

The e f f l u e n t  g a s  stream can  be ana lyzed  f o r  CO, C 0 2  
and €12 c o n t e n t .  

i n p u t  ra te  abou t  10 f t 3 / h r  (stp). 
Carbon i n p u t  r a t e  i s  g e n e r a l l y  450 cc /h r  and g a s  

Carbon r e s i d e n c e  times are  abou t  1/2 and 1 / 4  h r .  

The r ecove ry  of t h e  a d s o r p t i v e  c a p a c i t y  on regener -  
a t i o n  i s  measured I>y t h e  i o d i n e  and molasses numbers and carbon 
loss  by t h e  p a r t i c l e  volume dec rease .  The degree  o f  s u c c e s s  . 
i s  t h e n  measured by how c l o s e l y  t h e  i o d i n e  a n l  molasses numbers 
approach  t h e  t e s t  r e s u l t s  o f  t h e  v i r g i n  carbon and  by how 
s m a l l  t h e  p a r t i c l e  volume d e c r e a s e  is. 

The ca rbon  used  i n  most o f  t h e s e  s t u d i e s  was F i l t r a -  
s o r b  4 0 0 ,  once s p e n t  a t  t h e  Pomona, C a l i f o r n i a ,  p l a n t .  Table  1 
gives t h e  p r o p e r t i e s  o f  t h e  s p e n t  carbon and a l s o  t h o s e  of t h e  
v i r g i n  carbon,  t h e  l a t t e r  s e t t i n g  t h e  g o a l s  t o  be a t t a i n e d  on t h e  
r e g e n e r a t i o n .  For m o n i t o r i n g  purposes  o f  t h e  r e g e n e r a t i o n ,  t h e  
a t tempt  was always made t o  b r i n g  t h e  bu lk  d e n s i t y  down from 0.597 
t o  0.468 g/cc.  T h i s  was done by v a r y i n g  t h e  a c t i v a t i n g  g a s  i n p u t  
r a t e .  By ad jus tmen t s  t o  o t h e r  v a r i a b l e s ,  t h e  a t t e m p t  w a s  t h e n  made 
t o  a l s o  b r i n g  t h e  i o d i n e  number t o  1090 mg/g and molasses number 
t o  250. 

TABLE 1 - PROPERTIES OF SPENT AND V I R G I N  
FILTRASORB 400 

Bulk Pore  I o d i n e  
d e n s i t y ,  volume , number , 

-- Carbon g /cc  cc/cc mg/g 

s p e n t  0.583 0 . 5 0 0  630  

v i r g i n  0.468 0.650 1090 

Mo 1 ass e s 
number 

190 

250 
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I 
Step-wise Nature of Carbon Regeneration 

The laboratory regeneration studies and also thermo- 
dynamic calculations of the Pomona multiple-hearth furnace 
indicated that the thermal regeneration of wet spent carbon 
occurs in three naturally occurring steps. These are (1) drying, 
( 2 )  carbonization of adsorbate, and (3) activation. Figure 3 
shows the temperature profile of the gas and carbon in the 
Pomona furnace. The gas temperatures were measured and the 
carbon temperatures calculated from the thermodynamic properties 
of the system. The carbon temperature profile shows that the 
carbon is dried on traversing the first three hearths; this 
requires about 22 min. On the 4th hearth, the adsorbate is 
carbonized or baked. About 70% of the adsorbate is volatilized 
and the rest breaks down to free carbon lodged in pores. This 
step requires about 9 min. On hearths 5 and 6, the free carbon 
residue is oxidized, constituting the activation step. This 
step requires 15 min. 

In the laboratory studies, the regenerations were 
then conducted in the three steps. Runs were made in which 
the drying and baking were conducted in the rotary tube with. 
1/2 hr carhon residence times. In other runs the drying was 
done separately in an air-convection oven and the baking then 
done in the rotary tube with 1/2 hr carbon residence time. It 
was found that the method of drying and baking produced no 
difference in the quality of the final product. Because of 
convenience, drying and baking were subsequently carried out 
separately . 

The activating step was found to be more sensitive 
to the operating conditions. For instance, C 0 2  activation 
produced regenerated carbons of lower iodine number than pure 
steam activation. Activation at high temperature of 1650O to 
1 7 O O O F  gave better results than activation at 160O0F and lower, 
although at about 1500°F, activation rate was too slow to be 
of any importance in the regenerations. 

Optimization of gas input, gas composition and temp- 
erature, never produced regenerated carbons quite up to the 
virgin carbon properties. On cyclic studies, in which virgin 
carbon was successively spent and regenerated, the iodine number 
moved downward on each regeneration, not unlike the pattern 
observed at Pomona. These results are shown in Figure 4 .  
After the second cycle, the iodine number of the regenerated 
carbon was down to 935 mg/g from the original 1090 mg/g. The 
regenerations had been done under conditions that were considered 
optimum with respect to gas input and temperature. 

The conclusion is that optimization of gas input and 
temperature does not lead to complete regeneration. 
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E f f e c t  of Hetallic Elements  on Regene ra t ion  

I n  t h e  c y c l i c  s t u d i e s ,  it was observed t h a t  t h e  a s h  
c o n t e n t  i n c r e a s e d  w i t h  each  s u c c e s s i v e  c y c l e  and t h a t ,  a l s o ,  
i t ' b e c a m e  easier t o  a c t i v a t e  t h e  ca rbon .  L e s s  a c t i v a t i n g  g a s  
i n p u t  was r e q u i r e d  t o  b r i n g  t h e . b u l k  d e n s i t y  t o  t h e  v i r g i n  
ca rbon  d e n s i t y .  T a b l e  2 g i v e s  t h e  p e r c e n t a g e  a s h  c o n t e n t  ana 
d e c o l o r i z i n g  test r e s u l t s  a f t e r  e a c h  r e g e n e r a t i o n .  The a s h  
c o n t e n t  i n c r e a s e d  from 5.7% t o  8.6%. The molasses number 
i n c r e a s e d  from 250 t o  t h e  300 level ,  which, a s  w i l l  be e x p l a i n e d  
later,  is u n d e s i r a b l e .  

TABLE 2 - ASH CONTENT AND DECOLORIZING TEST 
RESULTS ON SUCCESSIVE ACTIVATIONS 

Cyc le  
NO 

i n i t i a l  

1 

2 

Bulk Ash I o d i n e .  

g / cc  % mg/g 
d e n s i t y ,  c o n t e n t ,  number, Molasses 

number 

0 . 4 6 9  5.7 1090 250 

0 . 4 6 8  7.6  1 0 4 0  310 

0 . 4 6 9  8.6 935 290 

Table 3 shows t h e  d ras t ic  d e c r e a s e  i n  a c t i v a t i n q  qas - -  
i n p u t  r a t e  r e q u i r e d  t o  a v o i d  o v e r a c t i v a t i o n .  

TABLE 3 - ACTIVATING GAS INPUT REQUIRED 
ON SUCCESSIVE ACTIVATIONS 

Cycle  
NO 

1 

2 

G a s  i n p u t ,  f t 3 / h r  ( s t p )  
?!2 E2 3 2  
3.6 0.36 1.0 

1.27 0.17 0.18 

The c o r r e l a t i o n  of i n c r e a s e d  a s h  c o n t e n t  w i t h  d e c r e a s e  
i n  i o d i n e  number led to  an  i n v e s t i g a t i o n  of e f f e c t s  of a s h  
c o n t e n t  i n  t h e  b a k i n g  and a c t i v a t i n g  s t e p s .  S e v e r a l  cha rges  o f  
sper , t  ca rbon  were l e a c h e d  w i t h  HC1 a c i d ,  t o  remove s o m e  of t h e  
m e t a l l i c  e l e m e n t  c o n t e n t ,  p r i o r  to b e i n g  r e g e n e r a t e d .  The a s h  
a n a l y s i s  d e c r e a s e d  from a b o u t  7.0% t o  a c o n s t a n t  lower l i m i t  
of 4.7%. V i r g i n  c a r b o n  starts w i t h  a 5.7% ash a n a l y s i s .  The 
a c i d  l e a c h  also d e c r e a s e d  t h e  a d s o r b a t e  c o n t e n t  b u t  no s i g n i f i -  
c a n t  d i f f e r e n c e  c o u l d  be obse rved  i n  t h e  baked p roduc t  when 
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compared t o  nonac id  t r e a t e d  baked p r o d u c t .  A f t e r  a c t i v a t i o n ,  
however ,  t h e  a c i d  p r e t r e a t e d  ca rbons  c o n s i s t e n t l y  had h i g h e r  
i o d i n e  numbers. Tab le  4 shows t h i s  comparison. The mean i o d i n e  
number of t h e  IlCl p r e t r e a t e d  r e g e n e r a t e d  ca rbons  i s  1034 mg/g 
compared t o  945 mg/g f o r  t h e  n o n p r e t r e a t e d .  

TABLE 4 - EFFECT OF HC1 A C I D  PRETREATMEKT ON 
IODINE AKD MOLASSES NUMBER O F  

REGENERATED CARBONS 

A c t i v a t i o n  
run  no 

( v i r g i n )  

30 
32 ; 
34 
36 
39 

40 
41 
47 
53 
77 

79 

Bulk 
d e n s i t y  , 

g /cc  

(0.468) 

0.469 
0.467 
0.478 
0.484 
0.461 

0.468 
0.476 
0.468 
0.472 
0.468 

0.480 

means 

Not HC1 t r e a t e d  H C 1  t r e a t e d  
12 no, mg/g F’O~ no I ?  no ,  mg/g no1 no 

(1090) (250) 

960 290 
950 --- 

1020 
1040 

230 
230 

930 270 

950 250 
950 260 

1050 230 
1020 250 

930 250 

230 

945 264 1034 234 

- - 1040 - - 

The mean molasses number o f  264 f o r  t h e  n o n p r e t r e a t e d  
is  l a r g e r  t h a n  t h a t  o f  t h e  v i r g i n  ca rbon  w h i l e  t h e  mean molas ses  
number o f  t h e  acid p r e t r e a t e d  ca rbons  is s m a l l e r .  The l a t t e r  
i s  f a v o r a b l e  s i n c e  a c t i v a t i o n  c o u l d  be c o n t i n u e d  t o  i n c r e a s e  
t h e  i o d i n e  number w h i l e  r a i s i n g  t h e  molasses number t o  t h a t  o f  
t h e  v i r g i n  ca rbon .  

The ca rbon  losses, a s  measured by p a r t i c l e  volume 
d e c r e a s e ,  ranged from 1 .6% t o  4.0% f o r  t h e  n o n p r e t r e a t e d  ca rbons  
w h i l e  f o r  t h e  p r e t r e a t e d  ca rbons  t h e  r ange  w a s  2.6% t o  5 .0%.  
Some o f  t h e  advan tage  o f  t h e  i n c r e a s e d  c a p a c i t y  i s  o f f - s e t  by 
i n c r e a s e d  ca rbon  loss. 

The bak ing  and a c t i v a t i n g  c o n d i t i o n s  w e r e  v a r i e d  f o r  
t h e  r u n s  r e p o r t e d  i n  Table 4 ,  b u t  it, n e v e r t h e l e s s ,  became 
e v i d e n t  t h a t  t h e  n o n p r e t r e a t e d  c a r b o n s  c o u l d  be a c t i v a t e d  t o  
t h e  o r i g i n a l  b u l k  d e n s i t y  w i t h  c o n s i d e r a b l y  less a c t i v a t i n g  
g a s  i n p u t  t h a n  t h e  a c i d  p r e t r e a t e d  ca rbons .  I n  T a b l e  5 a r e  
o p e r a t i n g  d a t a  on t w o  r u n s  where a v a l i d  comparison c o u l d  be 
made t o  show t h i s  e f f e c t .  I n  t h e  a c t i v a t i o n  Run 79, 30% t o  
50% more a c t i v a t i n g  g a s e s  w e r e  r e q u i r e d  t h a n  on Run 30. 
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As!] Analyses  

S i n c e  m e t e l l i c  e l emen t s  i n  t h e  carbon w e r e  now e s t a h -  
l i s h e d  a s  c o n t r i b u t i n g  t o  dec reased  r ecove ry  of t h e  i o d i n e  number 
and ove r  r ecove ry  of  t h e  molasses number, a n  i n v e s t i g a t i o n  was 
nacie of  t h e  ask, c o n t e n t  o f  t h r e e  carbons .  The ash a n a l y s e s  f o r  
t h e  t h r e e  carbons  are  g i v e n  i n  Tab le  G .  Run 6 7  is  a n o n p r e t r e a t e d  
r e q e n c r a t i o n  run  end Run 79 a n  a c i d  p r e t r e a t e d  run .  The v i r g i n  
cartJon i s  i n c l u d e d ,  t o  i n 6 i c a t e  s t a t u s  of t h e  s t a r t i n g  m a t e r i a l .  

Run 6 7  sho:%ts a c o n s i d e r a b l e  i n c r e a s e  i n  t h e  o x i d e s ,  
Pe203,  CaO, ElgO, K20, NaZO and Cr2O3. A s  i s  eviaerit from Run 79, 
t h e s e  o x i d e s  are  c o n s i d e r a b l y  reciuceii by t h e  IiCl a c i d  l e a c h ,  
hence one o r  more of t h e s e  o x i d e s  c o n t r i b u t e  t o  lowered  r ecove ry  
of t h e  i c d i n e  n u d j e r  and over r ecove ry  of t h e  molasses number. 

rl? 1 l .>LLL 6 - ASH COI7FCSITIO:; O F  A C I D  PRETREATED AIJD 
NOIJPRETRLATEL, REGENERATED CARBONS 

Component 

S i 0 2  
A1203 
Fe203 
C a O  
E:gO 

K 2 0  
EJa20 
Ti02 
Cr203 

1 

T o t a l  a s h  
ir. carbon 

A s h  composi t ion ,  % 
v i r g i n  n o n p r e t r e a t e d  p r e t r e a t e d  
F 4 0 0  Yun 67 P.un 79 

2.36 
2.51 
0.42 
0.17 
0.14 

0.06 
0.04 
(2.03 
0 . 0 1  

2.27 
1.94 
0.80 
1 . 2 3  
0.34 

0.40 
0 .15  

0.12 
---- 

2.24 
1 .62  
0.59 
0 .05  
0 . 0 9  

0.20 
0.07 

0 . 1 2  
---- 

5 .7  7.2 5 .0  

E f f e c t  o f  Regenera t ion  on Pore  S i z e  D i s t r i b u t i o n  

Company 
t o  t h e  

I n  po re  s t r u c t u r e  s t u d i e s  performed a t  P i t t s b u r g h  Carbon 
I f 2 ,  i t  was found t h a t  t h e  i o d i n e  number was p r o p o r t i o n a l  
s u r f a c e  area o f  p o r e s  l a r g e r  t h a n  1 0  8, i n  d i a m e t e r  and  t h e  

Equa t ions  1 and 2 below show t h e s e  
molasses number w a s  p r o p o r t i o n a l  t o  t h e  s u r f a c e  area of pores 
l a r g e r  t h a n  28 8, i n  diameter. 
r e l a t i o n s h i p s .  

I2  no = 1 7  + 1 . 0 7  X ( s  a of p o r e s  (1) 

Molasses no = 129 + ( s  a, of p o r e s  >28 b) ( 2 )  

>10 i) 
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With r e f e r e n c e  t o  t h e  i o d i n e  and molasses numbers g i v e n  i n  Table  4 ,  
t h e s e  e q u a t i o n s  i n d i c a t e  t h a t  a c i d  p r e t r e a t m e n t  minimizes  d e c r e a s e  
i n  s u r f a c e  a r e a  o f  t h e  smaller p o r e s  a n d o a l s o  p r e v e n t s  i n c r e a s e  
i n  s u r f a c e  area o f  p o r e s  l a r g e r  t h a n  28 A d iame te r .  Ash b u i l d  up ,  
as o c c u r s  on s u c c e s s i v e  r e g e n e r a t i o n s  w i t h o u t  a c i d  l e a c h ,  a c c e l e r -  
ates t h e s e  changes .  

A f u r t h e r  s t u d y  was conducted  t o  de te rmine  t h e  manner i n  
which t h e  s u r f a c e  area changes  occur red .  Pore  s i z e  d i s t r i b u t i o n  
c u r v e s  were d e t e r m i n e d  f o r  selected ca rbons ,  u s i n g  t h e  w a t e r  ad- 
s o r p t i o n  method3 and mercury po ros ime t ry .  I n  p r e p a r a t i o n  for  t h e  
water i s o t h e r m  d e t e r m i n a t i o n s  (and a l s o  p o r o s i m e t r y ) ,  t h e  carbons  
w e r e  HC1 a k i d  and p u r e  w a t e r  l eached  t o  remove h y d r o p h i l i c  compounds 
from t h e  carbon s u r f a c e .  The v a l i d i t y  o f  t h e  water a d s o r p t i o n  
method depends on t h e  w a t e r  b e i n g  adsorbed  by c a p i l l a r y  condensa- 
t i o n ,  w i t h  n e g l i g i b l e  monolayer a d s o r p t i o n .  The adsor t i o n  method 
i s  a p p l i c a b l e  t o  maximum p o r e  diameter o f  5 0 0  t o  1000  8: . 
poros ime t ry4 .  
100,000 R, hence t h e  two methods o v e r l a p  i n  t h e  r ange  30 t o  500 A.  
For some of t h e  p o r e  s i z e  d i s t r i b u t i o n s ,  t h e  agreement i n  t h e  
o v e r l a p  range  is  good w h i l e  for  o t h e r s ,  s o m e  d i s c r e p a n c y  e x i s t s .  . 
The t r e n d  i s  f o r  t h e  mercury p o r o s i m e t e r  t o  measure a larger pore  
d i a m e t e r  a t  a g i v e n  volume. F i g u r e  5 p r e s e n t s  two d i s t r i b u t i o n  
c u r v e s ,  Run 68 showing t h e  b e s t  agreement and F 400 t h e  p o o r e s t .  
A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  d i s c r e p a n c y  i s  t h a t  t h e  ca rbons  a re  
s l i g h t l y  compressed by  t h e  mercury a t  t h e  h i g h e r  p r e s s u r e s .  
Plaximum p r e s s u r e  a t  30 A i s  60,000 l b / in2 .  

Po res  i n  t h e  l a r g e r  d i a m e t e r  r a n g e  a r e  measured by mercury 
These  measurements cove r  t h e  diameter r ange  30 t o  

F i g u r e s  6 and 7 p r e s e n t  t h e  comple te  p o r e  s i z e  d i s t r i b u t i o n  
c u r v e s  of t h e  selected samples .  The o v e r l a p  p o r t i o n  as measured 
by mercury p o r o s i m e t r y  w a s  l e f t  o u t  i n  e a c h  case. 

a c t i v a t i o n  and C 0 2  a c t i v a t i o n .  The v i r g i n  F 40@ is uppermost i n  
p o r e  volume a t  t h e  2 8  A d i a m e t e r ,  and t h e n  Runs 79 ,  67 and 6 8  i n  
descend ing  o r d e r .  The i o d i n e  numbers were r e s p e c t i v e l y ,  1090, 
1040, 940 and 840 mg/g, w h i l e  t h e  molas ses  numbers w e r e  q u i t e  close 
t o  e a c h  o t h e r .  

Those i n  F i g u r e  6 show t h e  e f f e c t s  of acid l e a c h ,  steam 

Those i n  F i g u r e  7 a l so  show e f f e c t  of a c i d  l e a c h ;  Run 36 
b e i n g  uppermost w a s  p r e t r e a t e d ,  w h i l e  Runs 46 and 6 7  w e r e  no t .  
Runs 46 and  67 are  p r e s e n t e d  t o g e t h e r  because  t h e y  have  i o d i n e  
numbers close t o  e a c h  o t h e r ,  i . e .  920 and 940 r e s p e c t i v e l y ,  b u t  
have  g r e a t l y  d i f f e r e n t  molasses numbers, 320 and 260, r e s p e c t i v e l y .  

s t r u c t u r e  i s  n o t  a lways  a p p a r e n t  by v i s u a l  i n s p e c t i o n  of t h e  po re  
s i z e  d i s t i i b u t i a n  c u r v e ,  b u t  comes more d i s c e r n a b l e  when t h e  cum- 
u l a t i v e  s u r f a c e  areas a t  d i f f e r e n t  p o r e  s i z e s  are compared. 
cumula t ive  s u r f a c e  area c a n  be c a l c u l a t e d  w i t h  t h e  e q u a t i o n  

The r e l a t i o n s h i p  between t h e  d e c o l o r i z i n g  tests and po re  

The 
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where AA is. an  inc remen t  of s u r f a c e  area a s s o c i a t e d  w i t h  inc remen t  
of p o r e  volume AV w i t h  mean d i a m e t e r  D. By summing up A A  over  
t h e  p o r e  volume t h e  s u r f a c e  area o f  p o r e s  l a r g e r  o r  smaller than  
any s p e c i f i e d  D can t h e n  be c a l c u l a t e d .  T h i s  has  been done f o r  
t h e  ca rbons  o f  F i g u r e  6 i n  F i g u r e  8 and  f o r  ca rbons  of F i g u r e  7 i n  
F i g u r e  9. 

From F i g u r e  8, t h e  s u r f a c e  areas of p o r e s  l a r g e r  t han  
10 w i n  diameter f o r  t h e  c a r b o n s  F 400,  Runs 79, 67 and 68 are 
965, 925, 860 and 805 m2/g, r e s p e c t i v e l y .  The s u r f a c e  a r e a s  of 
p o r e s  l a r g e r  t h a n  28 fi  are r e s p e c t i v e l y ,  120, 100, 1 1 0  and 1 0 0  rn2/g. 
Likewise from F i g u r e  9 ,  t h e  s u r f a c e  a r e a s  o f  p o r e s  l a r g e r  t h a n  
10 i n  diameter f o r  t h e  ca rbons  Runs 36, 67 and 46 are 915, 860 
ando840 m2/g, r e s p e c t i v e l y .  S u r f a c e  a r e a s  of p o r e s  l a r g e r  t h a n  
28 A i n  diameter a r e ,  r e s p e c t i v e l y ,  85,  1 1 0  and 150 m2/g. When 
t h e s e  s u r f a c e  a r e a s  are s u b s t i t u t e d  i n t o  e q u a t i o n s  1 and 2 ,  t h e  
c a l c u l a t e d  d e c o l o r i z i n g  numbers a g r e e  w i t h  test r e s u l t s  w i t h i n  
2 5% i n  t h e  i o d i n e  numbers and  w i t h i n  13% i n  t h e  molasses numbers. 
These r e s u l t s  a r e  g i v e n  i n  T a b l e  7.  

TABLE 7 - I O D I N E  AND MOLASSES NUMBERS AS DETERMINED 
BY TEST AND CALCULATED FROM SURFACE AREA 

I o d i n e  number, mg/g Molasses number 
Carbon t es t  tes t  calc ' talc - - 

F i l t r a s o r b  400 1090 1040 250 
Run 79 ( H C 1 )  1040 1010 2 3 0  
Run 67 940 940 260 
Run 68 (C02) 840 880 250 

Run 46 920 920 320 
Run 36 ( H C 1 )  1040  1000 230 

250 
230 
240 
230 . .  

280 
210 

F u r t h e r  s t u d y  of t h e  s u r f a c e  a r e a  curves a l so  i n d i c a t e  
where t h e  major  p o r t i o n  of t h e  a d s o r p t i o n  may be o c c u r r i n g .  By 
i n s p e c t i o n  of t h e  c u r v e s  i n  F i g u r e  8 ,  it i s  o b s e r v a b l e  t h a t  most 
of t h e  change i n  p o r e  s t r u c t u r e  o c c u r s  i n  t h e  p o r e s  f r o m  1 4  t o  28 1. 
Beyond 28 A, t h e r e  can  be c o n s i d e r a b l e  change i n  pore volume, as 
i s  a p p a r e n t  f r o m  i n s p e c t i o n  o f  curves i n  F i g u r e s  6 and  7 .  The 
s u r f a c e  a r e a  of t h e s e  l a r g e r  p o r e s  is, however, too s m a l l  t o  be 
e f f e c t i v e .  The s a m e  is t r u e  f o r  Runs 67 and 38, o f  F i g u r e  9, b u t  
Run 46  i s  n e x c e p t i o n .  For t h i s  ca rbon  c o n s i d e r a b l e  change o c c u r s  
a t  t h e  2 8  2 diameter r e g i o n .  
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To show t h e  change i n  po re  s t r u c t u r e ,  t h e  C i f f e r e n c e  i n  

These 
Pore  s t r u c t u r e  change f o r  

s u r f a c e  a r e a  between t h a t  of F 400 and e a c h  of t2e o t h e r  ca rbons  
have been c a l c u l a t e d  for p o r e  diameters from 10  A t o  5C A. 
c a l c u l a t e d  a r e a s  are g i v e n  i n  T a Q l e  8. 
Runs 79, 67 and 68 s t a r t s o a t  1 4  A and ends a t  20 fi d i a m e t e r  w i th  
most o c c u r r i n g  a t  t h e  1 2  A r e g i o n .  For  Run 46, t h e  p o r e  s t r u c t u r e  
change v a r i e s  o v e r  t h e  whole range w i t h  t h e  l a r g e s t  d i f f e r e n c e  
a g a i n  o c c u r r i n g  a t  t h e  18  f i  diameter. 
g e n e r a l  enlargement  of p o r e s  l a r g e r  t han  1 4  A i n  d i ame te r .  
t h e  enlargement  i s  greater f o r  t h e  n o n p r e t r e a t e d  c a r b o n s ,  t h e  
r e s u l t s  a l s o  i n d i c a t e , t h a t  t h e  major  p a r t  o f  t h e  a d s o r p t i o n  o c c u r s  
i n  p o r e s  o f  1 4  t o  28 A i n  d i ame te r .  From t h i s  s t u d y  it can be 
conc luded ,  t h a t  t h e  meta l l ic  o x i d e s  c a t a l y z e  t h e  o x i 2 a t i o n  o f  t h e  
b a s e  ca rbon  s t r u c t u r e  i n  t h i s  po re  d i a m e t e r  r ange .  

Summary 

These r e s u l t s  i n d i c a t e  a 
S i n c e  

To summarize t h e  r e s u l t s  o f  t h i s  e x p e r i m e n t a l  program, 
i t  was shown t h a t  g r a n u l a r  ca rbons  s p e n t  i n  t e r t i a r y  t r e a t m e n t  
of waste w a t e r  can be t h e r m a l l y  r e g e n e r a t e d  t o  p r o p e r t i e s  approach- 
i n g  t h o s e  of t h e  v i r g i n  carbon.  B e s t  r e s u l t s  are o b t a i n e d  i f  t h e  
s 2 e n t  carbon is I X 1  l e a c h e d  t o  remove o r g a n o m e t a l l i c  compounds of 
Fe, C a ,  Pg, Pia and K p r i o r  to  r e g e n e r a t i o n ,  and t h a t  t h e  f i n a l  . 
a c t i v a t i o n  be by s t e a m  o x i d a t i o n .  The o x i d e s  of t h e s e  m e t a l s  
c a t a l y z e  t h e  o x i d a t i o n  of t h e  b a s e  ca rbon  s t r u c t u r e  i n  t h e  1 4  t o  
28 k, d i a m e t e r  p o r e  s i z e  range.  The e v i d e n c e  a l so  i n d i c a t e s  t h a t  
t h e s e  p o r e s  are active i n  t h e  a d s o r p t i o n  p r o c e s s .  
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