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The adsorption kinetics has been investigated for 120 years and the development of kinetic model has been proceeded in
order to obtain the particular kinetic model which better agreed with the experimental data.
As a result, dozens of adsorption kinetic models were established. The adsorption kinetic models are shown in atable.

Table. Adsorption Kinetic Models

No Name Differential Form Integrated or Linear Form
dgq q = q,l1 —exp(—kt)]
1 pseudo-first-order(PFO) T k(q, — q ‘
ln (qe - q) = ln qe - klt
d k,q’t t 1 1
2 pseudo-second-order(PSO) A _ kg, - 97 g=—2T L +—t

dt 1+ k,qt aqa kq q,
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dF k 1 — exp(=kt)
ixed- — =—_0-F0U-fF = 1
3 mixed-order(MOE) i f q qe(l - (—klt)]
4 pseudo-n-order (PnO) Z—Z = k,(q, —q )" q=gq, —[(n—-Dkt + qel‘”]”l-",n =1
5 modified PFO (MPFO-1) Z—Z =k /q (@q, —q q./q+1n(q, —q) = 1Inq, — kit
d
6 modified PFO (MPFO-2) d_Z =k/(q. /q*) (q, - ¢ In(0-q, /@) +(@ /2q2)+q,/q=—Kt
7 modified PSO(MPSO-1) % =k,(q, / @ (q, — @’ In(l-q,/q@ +q/(@q, —q = Ktq,
2In0-q,/q@ +q/(@q, —q +
8 modified PSO(MPSO-2) 99 _ @2 /) (g, - g T/ @™4q/de 4
dt +4q./q-1=itq,
9 modified PnO (MPnO) % =k, (" /q"")(q -q") q = q,[1 —exp(-nkt)]'"
10 Elovich’s % = a exp (~aq) q = aln(aa) + aln(t) ,aat >> 1
de ;—(rz—l)at+ln¢1
11 Ritchie’s e al —9)" R g

O=1-exp(-at) , n=1




intra-particle diffusion model

12 - =kt +C
(IDM) q = kyJe +
multi-exponential equation n
13 P | ar > fik; exp(=kt)
(m-Exp) dt T
mixed surface reaction + 172
o d—F=kCO[1+T1/2]X exp(at + bt'’?) — 1
14 diffusion controlled model dt t a=4q. 12
u,, explat + bt'’'?) — 1
(MSD) x (1= u,F) (1 -F)
15 exponential Kinetic model dr _ KTexp( - F) — 1] F=9 _1n[2.72 - 1.72 exp(—k't) ]
(Exp) dt q.
hyperbolic tangent model
16 » : dq-_ q,k(1 — tanh® kt) In e 9 _ ke
(HTM) dt q. — 4
C=Cl+n-1 /DT
dc :
17 Fractal model e k"Cc"
T = [Con—lk]—l/a
- d !/ lpe
18 Fractak-like PFO(FPFO) dt‘i = k!(g, - q) q = q,[1 — exp(—k't) ]
] d ) k! 2ta
19 Fractaklike PSO(FPSO) T _ ki(q, - ¢? S FL A
dt” 1 + kiq,t*°




dr k! 1 — exp(=kt®)
20 Fractaklike MOE(FMOE =S8 (1-PU-fF) = q, :
( ) a*  1-f, & -1 1— f, exp(—kit*)
21 fractal-like Exp (FExp) i—i = k"lexp(1 - F) - 1] F = qi = 1In[2.72 — 1. 72 exp (=k"t") ]
1 1 de ! n n
22 Langmuir-Freundlich model o kiCl - 6)" — k0 ]
dq /q. n
N _ Mzkuicil_zqi/qsi _
23 Multisite Langmuir model dt = -
—kuq, / q,
o4 Extensions of the general Cy _ k.C. (C;"’ _ Z”: 9,-,-(35,-] k,C. ]
multicomponent rate model ot =1
ac,
- Binary-solute Langmuir-type de knC(Cyy = €y = 0C,) — kaCyy
adsorption kinetic model dC, )
P dtz = kach(Clz -C, - C52> - k;,Co,




k, = (k,),0+(, -8, —6,]
26 Appropriate form of the multisite k,, = (k,),a,0,
Langmuir model Koy = (ky)pag0y
ky = (k,),[1—6, +(a, —18,]
o do, .
Unified kinetic model for —L =k, /k,Ci(l-6,)0,, —
27 dt

adsorption and desorption
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