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O ut l ine 



A ds or pt ion E quil ibr ium and K inet ic s  
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r a 

r d 

T r ans ient  (uns t eady s t at e): r a ≠ r d 

 
E quil ibr ium (s teady s tate): r a = r d 
 

E quil ibr ium L oading C apac ity 
 
 

C ar bon C onsumption 

K inet ic s  
 
 



• C onc ent r at ion 
 

• S olubil it y 
 

• Molar  V olum e 
 

• P olar iz abil it y 
 

• (B ac k gr ound O r ganic s ) 

F ac tor s  A f f ec t ing E quil ibr ium L oading C apac ity 
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• Base Material  
 

• Degree of Activation  

Adsorbate  
 

Adsorbent  
 



E valuat ing E quil ibr ium L oading C apac ity 

I s ot her m (A S T M D 38 6 0 ) C olum n T es t  
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E valuat ing E quil ibr ium L oading: C ommon P it f al l  

P eel  et  al . 19 8 0 ;  R andtke et  al . 
19 8 3 
• N ot  wait ing long enough t o 

appr oac h equil ibr ium 
• N ot  pulver iz ing t he c ar bon (e.g., 

9 5 % - 325  m es h) 
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Time  

Concentration  

GAC  

PAC  
GAC  



K inet ic s  

Dif f us ion P r oc es s es  
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Mas s  T r ans f er  Z one 
(MT Z ) 

MT Z  

C lean 
C ar bon 

S at ur at ed 
C ar bon 



• ↓ C ar bon P ar t ic le S iz e (mos t  im por tant ) 
 
• ↑ C ont am inant  Dif f us ivit y (F ic k s ’s  L aw: 𝐽𝐽 = −𝐷𝐷 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
)  

 
• ↑ W at er  T em per at ur e (↓  V is c os it y) 

 
• ↑ T r ans por t  P or e V olum e (bet ween 1,0 0 0  and 10 0 ,0 0 0  Å , when bulk  

dif f us ion t hr ough lar ge por es  is  l im it ing)  
 

 

C har ac ter is t ic s  T hat  I nc r eas e the R ate of  
A ds or pt ion 
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S ignif ic anc e of  K inet ic s  in  
C ap Des igns  
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sediment  

ac t ive layer  (G A C ) 

water  c olumn 

sand 

v (Darc y) 

v << ~ 1 c m/day 
t c ontac t >> 12 hrs  
t sorption << t c ontac t 

dif f us ion dominated 
MT Z  eas ily c ontained 

kinet ic s  not  important  

v >> ~ 1 c m/day 
t c ontac t << 12 hrs  
t sorption ≈ t c ontac t 

advec t ion dominated 
MT Z  barely c ontained 

kinet ic s  important  
 

0 .5  c m 
ef f . c arbon thk. 

C lean 
C ar bon 

MT Z  

S at ur at ed 
C ar bon 

L ow F low H igh F low 
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I mpac t  of  P ar t ic le S iz e on A ds or pt ion 
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T est  C ondit ions : 
A dsorbate = naphthalene 
S olvent  = dist il led water  
C o = 8  m g/L  
C arbon dose = 5 0  mg/L  
S am ple volum e = 10 0 0  m L  
A nalys is : U V  spec trosc opy 
 
 

G A C  = F 30 0  8 x30  
P A C  = F 30 0  s iz ed 
to 9 5 % -325  m esh 



S ummar y 

 
• E quil ibr ium  loading c apac it y is  f undam ent al  t o al l  ac t ivat ed c ar bon applic at ions  

 
• T ak e c ar e when evaluat ing c apac it y: par t ic le s iz e and c ont ac t  t im e wil l  im pac t  r es ult s  

 
• A ds or pt ion k inet ic s  m ay be s ignif ic ant  f or  s om e applic at ions , but  not  f or  al l  
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Thank you.  
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