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Estimation of Nonlinear Adsorption Isotherms and Advection-Dispersion Model
Parameters Using Genetic Algorithm
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Do, Nam-Young - Lee, Seung-Rae - Park, Hyun-II

Abstract

In this study, estimation of nonlinear adsorption isotherms(Langmuir & Freundlich adsorption isotherm)
and advection-dispersion model parameters was conducted using genetic algorithm(GA) for Zn and Cd
adsorption. Estimated parameters of nonlinear adsorption isotherms, which were obtained from the
optimization process using genetic algorithm(GA), are nearly same with the parameters obtained from a
linearization process of the nonlinear isotherms. Estimated effective diffusion coefficients, which were
obtained from a finite element analysis of the advection-dispersion model and an optimization procedure
using the genetic algorithm, for the metals were approximately in the order of 107cm’/s which could be
obtained based on the linear distribution coefficient. The effective diffusion coefficients based on the
nonlinear retardation factors were in the range of 10'6~1O'5cm2/ s. As a result, the correlation coefficient
obtained between the measured and calculated concentration was over 0.9 which means that the genetic
algorithm should be successfully applied to estimate the unknown parameters of the nonlinear adsorption
isotherms and advection-dispersion model.

Keywords : Zinc, Cadmium, Effective diffusion coefficient, Retardation Factor, Genetic Algorithm

2 N|

2ol At ol 2@ JERS YAoR faE FRAYN 2YNAY ARE wgo §u7
PuHS oG HA3 H4S Bael MAY FF wu U o|F-3hy 2o sehrHES 4
of wokeh A% WY §3 4 (Langmuir §32 93} Freundlich §35d) 59 ey *
e ol FAY 59 MY H4S AA dojzl RSN A9 dAFE ARE 45 & AUk
edBdel oF M2 s +HH ol F-H e FRassi v sepuy F42 9a 73
A4 HA35 AL Bal 42 ofdst AT HAFE AP FUAFE oJ§F AT F F& mF
A o 107em?s A9 FHAAFE DS F YTk E3F 0AY FHF RARRY Aol AAARE o]
83 4% F 3% R4 10°~10%em’s WA AT @ 2e 5 AU Ao Fu
P FL o 4F A FHL B NG FH 9 ol malel nejuy FPe YIHow
S8+ A3, ASR A4 P2 AA ASE @ Aol FRAFE 09 o] OB EE A
2 wolt oz eyt
F20| : o}, ASF, FEIMAG, AQAA, G4 LaelF

I R i o d
o A3 dAried A4 3 ]
wex W39 A EAHF) QAR 7Ed T Addrd



1. N8

A el 71l 7138k A Al (performance-based
design)E 8= oF 40~50Wd7ke] A A (W HA
=71z + e R R

FEASEE 10 em/s oldkZ vl 2w g 2}
FAE T LFdEHZY olF HWIHES it
(diffusion)®} A A& (retardation)ol] 28] ZA <
gut= Ao deEA ArHlo, 1996 ; Shackelford
5, 1989 ; Rowee} Booker, 1985 ; Freeze®} Cherry,
1979). wetA 2FAE T3 LdE5de] o]FL o
F-84F ®dl(advection—dispersion model)ol] 2] 3f
A Eold 4 vt o]F-gt mdlof o3 o9&
Ao o]x S AWsly] HsiAe FelAd AT
(diffusion coefficient)2} ] 11 ZH(retardation factor)
o] AH4ol Fgasitt

A GhAFe S fEiA e Aol A
ARSE = A LS AeA] ARE ol &ste] Ak
AEE g & ojn FaX= A W] S9EH
o] L& Tt olF v o ® 3 o]F-gil Bl
o] QS F3 AT E AAsE o] dRbAQl
Wolt), gk A ARIAE Falr] fg WwHoEe
TEEY F3o dkgd o FHAHYY ol FF
HE & 4 (phenomenological

2(2001, 2002)°ll

=4
Al EE 293 BUFHAFANE

129 olfF-sht RS 2xdew S ¢
Auggae 4 (D2 w89 5 ok
2 2
ac a°c ¢ ac ac
Rat—Dﬂ,—2+D,;—2* v or Yay (1)
ax Y T Y

=

St EAtAlgEelaL, y ok y = xRl o
1 A% &% (average pore fluid velocity)e]th.
A2 R HFAHAA LFGEE §dolA 9
Lol F2E wEote] #AAVE AYAY BS AF
Zh5L S HuiASE xdE 5 3
), H1AAZ A0 #AE 7H Aol A ) (1)

L. 22 A3} Freundlich &

)

o

K (2)

/] K—rﬂ" 5 0
pr i B o
n (1 + [(ndsc)

R=1+ %Kp(l/n.)c“/”*” (4)

—~~

Dol FAE et 9138l Galerkin®] 7Fe %k

Green?] A& o] 4% 2 B9 Ho] &

e M o 1>
it & of

o

|G e + [H e} + [Re}{%}lﬁ:{f}r (5)
714,

2N 2N
@l [ [ [p e n s o)

[H(]://A(-rlr[]\f} 2 @)

ar Yy




// dA (8)
¥ = /S[N] ’

[ N] = weighting function matrix of element (10)

[ ac
D?,—-n.?, + D, —F-n, ds (9)
Tor Yoy Y

2l (6)~2] (99 2 element matrixlr: T A EH
S o] gste] F 4 9k 2Elal A (5)E global
matrix Aoz FdstH 2 (113 Zoh

alial+ (A1 29 )= (p) v

rr o

Ak ddelnel A (D9 dE G ARy
olgate] T & ATk 5 4 ADIA {3C/o0)
4 (1% o] EALL

ac|_ 1 t+AE '
aglar ZF dAAAY] TR {Cle APt
t+ Aol v 2 (13)3 o] IAksl € &
b=
{C=10—-a){C} +afct ¥ (13)
A7IA, ae 03 1Akl & 7HAM, a=1Yd 4§
Zukxp R A (backward  difference approximation)®
Ho a=0¥ A5 AAREEAHforward - difference
a=05%9  AF  FTYAEIA
(central difference approximation)® o= &]jojzl
o SHAEIANE AR A9 ARE @A 37E
oAE A YFEA oA A (stability)S FHT F A
aeg A7 wA Z7)E A3 (accuracy)o] Qo1 A]
e 23 a9lo] At (Zhao 5, 1994). a=1¥ 7
2 (D)2 2 (1492 xd9.

approximation) ¥

L)+ ) J{ey e = (Rl + (1 (1)

olwf AARIA Reol HAFAN H#AE Z=
Langmuir 222 o|u} Freundlich &3E9 =2 3%

2 i
-0,

3_7 e olgste] A WA ALke
L& o]&ste] tha HHE AL 3|
W (direct iteration method B
Picard method)& ©]-&3}%) ‘:}(Reddy, 1993). o] 4

A GHA SR A2 el 1otk WA A
Ao &) zfol7l @ AFeHA|(error tolerance) o=
Wold w71 ‘ﬁ%ﬁ.gi qeE T & oy ARk

LA N 1]

s S Hd¥ &% =29
2fole =3

3. REXI g
(=]

L
k=)
u
|
1o
=
k2 i
e
_|:.'_|

F40 Y4 Z2AAE Fig 149 o] 2
gel 44, A= ke AN, wul, B
S4e Fatol nrk ol 24T AAPHoR
Arkis deleh olsh gol @ A Het A
ad, Eevol® AWM AFA FYE Yo
A Bk m A AR dde dage A
s 7F rdE wi7bA] wHEET Table 12 & 14
A Y FHA L ol F- wae] sevie F
4e A5 AgR FA AWAs Je dekEe 4

e (R N

A

o

fo <= = O mY

o

N
4

=

N

5

R
ox
[
ftlo
2
K
)
TN
(o
fr
-
r 1
rob
R
ox
[
e

Koty

< 7o ® Ao Pl MMAES A

H<U(mating pool) Plk+1) & FAa =1}

del2 okt MAIES HelA =ohar 7

Els 7Hﬂ% Aegto gy o9 ‘ITJ.X]'% | ]3? Al

o] HadA HA HAALES sErh | %
= PharnJJr Jin(1995)0l <]l Al<te :rLHHQ}
g

22 rr

oy &

g

Algt
A ez} (gradient-like selector)} &7 £ &
HAZAE AdshA] Zshe ddS wes| =

= Ay E A (elitist strategy)S AHE3F T

%é:“’ﬁ

30 2

Fulsh fARE AEAE AET A ARAAE
25E @ "old gt okd AAE HH AA %
o2 H & FAYE WA A2 Aptlel sl 7&

g A= ° #A2 #HYs wA Eu

2000). 1% A ﬂoi’ﬁ F2gl el /\“ﬂlﬂ

A o MAEs HA 7H?<1l‘:'3°i ol &

, = ﬂxﬁx}iﬁ A A= 49 4 1

of M= slerh dHE 7&%’“’ X‘DP el A 7}

AR A s AR RS A AL ﬂ”ﬂ
Ae B e aekd Aolv. wbef of A

_4

rlr o 111

A7 A1z 2006 28 43



Al e €]

7l ﬁ]rﬂ
AR 4147]]%4] A Mool 7Hg oFgk A

7Hﬂ]7d‘€r94 A Hrbd  S&E= Aarst
(normalization) WH-2 Z7]oE FA2F9] YA
sl AT 7 JEF JfAIZEY] A A=
o] gEs FoFa, FUldE 1 o] AXA E
= T JEF A AFE e A AREskH] R
AMZL HEE EQiste] Wslsh & Algstd z7 (
Aol Hebol] 2¢FCdNA] AF=E 27t 2) 7 =
A7F ZAsHA A oo Hebs X ujstAl ¥ o F

Set k=0;
Create an initial population P(k);
Evaluate P(k) by calculation of objective function value;

Calculate fitness using the scaling window scheme;
While<the termination conditions are not met>

Set k=k+1;

Reproduce mating pool ﬁ(k) from P(k— 1) wusing roulette wheel selection/gradient-like

selector/remainder stochastic sample with replacement/stochastic universal sampling/tournament

selection/local selection/rank-based selection;

Crossover P (l{:) to form a tentative population P (k:) using simple crossover/arithmetical

crossover/modified simple crossover;

Mutate P (kz) to form the new population P(k) using uniform mutation/dynamic mutation;

Evaluate P(k) by calculation of objective function value;
Applies Elitism;

Applies the Scaling window scheme;

End While;

Output the solution;
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Fig. 1. Procedures for Genetic Algorithm(GA)

Table 1. Used genetic operators and strategies to find the unknown parameters

Encoding Real
Reproduction Gradient-like selection
Genetic operators Crossover Modified simple crossover
Mutation Dynamic mutation

Other strategies

Elitism

Scaling window scheme
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q., = adsorbed concentration at equilibrium condition (ng/g)
¢, = solved concentration at equilibrium condition (ng/L)
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Table 2. Genetic algorithm features and parameters estimation ranges

Number of chromosomes in the population 300(40)*
Number of generations(termination criterion) 100(50)**
Crossover probability 0.9
Mutation probability 0.1
Kads 0.001 ~ 10
Estimation ranges for Langmuir model parameters
Q° 0.001 ~ 10
Ky 0.001 ~ 10
Estimation ranges for Freundlich model parameters 1
- 0.001 ~ 10
n
D 2 -8 -4
Estimation ranges for dispersion and velocity (em’/s) 10 10
coefficients v(em/s) 10° ~ 10°®

( )» Number of chromosomes in the population to estimate parameters of advection—dispersion model
( )+ Number of generations to estimate parameters of advection—dispersion model



Table 3. Experimental conditions for measuring hydraulic conductivity of compacted clay
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Stage of test Parameters Values
Compaction Dry unit density(Yy), g/cm’ 1.55
Compaction Water content, percent 27.4
Compaction Porosity(n) 0.42
Compaction Sample volume, cm’ (D=5cm%9l.;=2.5cm)
Compaction Void volume, om® 20.63
Back pressure Final cell pressure, kPa 315
Back pressure Final back pressure, kPa 280
Back pressure Final Skempton’s B parameter 0.92
Permeation Induced hydraulic gradient 50
End Dry unit density(Yy), g/cm’ 1.51
End Water content, percent 27.7
End Degree of saturation, % 96.4
End Porosity(n) 0.435
le-6 1
:g rer Criterion for landfill clay liner
'gle-si..’. o oo 0° o0 & e ¢o o o
£
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Fig. 3. Measured hydraulic conductivity with the number of pore volumes of flow
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Fig. 4. Evolution of the objective function and parameters values along the successive generations
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(b) Freundlich model parameters for Zn
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(d) Freundlich model parameters for Cd

Fig. 5. Results of batch adsorption tests and predicted values using linearization and GA
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Table 4. Estimated parameters of nonlinear adsorption models for Zn and Cd with linearization and genetic algorithm

Zn Cd
Langmuir model Freundlich model Langmuir model Freundlich model
Methods to . . . .
. o correlation Kk correlation o correlation Kk correlation
estimate Keas Q coefficient | (mg/g) -  1/n  coefficient Kaas Q coefficient | (mg/g) - 1/n  coefficient
parameters
Linearization| 0.0817 3.90167 0.9651 092579 0251 0.9773 | 0.0753 4.1823 0.9846 0.54656 0.400 0.9873
Genetic | ) 5588 3966 09805 | 156 01526 09821 |0.05271 4242 09911 | 0874 02921 0.9961
Algorithm
16 20
[ ] Measured
144 154 Linear iegression
124 —_——— Lingaar regression )
i 104 (using estimated parameters with GA)
10
08 05
g 0.6 1 g 0.0
041 d -05
02
10
00+ [ ] Measured
Linear regression
024 — —— Linear regression -15 °
(using estimated parameters with GA)
-04 ; ; ; ; 20 ; ; ; ;
2 0 2 4 6 8 2 0 2 4 6
In(c,) In(c,)
(@) Zn (b) Cd

Fig. 6. Measured and linear regression results using estimated parameters with GA
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Fig. 7. Adsorption isotherm obtained from the batch adsorption and the column diffusion tests for the metals
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Fig. 8. Depth profiles of measured concentration and predicted values

on the basis of the three different kind of retardation factors for the metals
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Table 5. Summary of estimated diffusion coefficients and velocities obtained
from optimization using GA based on the three different kind of retardation factors

Zn
. ) Diffusion coefficient Velocit correlation coefficient
y
Methods to estimate retardation factors (R) 2
(D, cm?/s) (v, cm/s) (p)
Linear isotherm parameters from diffusion tests
K, =5.02(L/kg)
n=042, p,=151g/cm® 5.813x107 8.87x10” 0.9859
R=1+ p”[(L—1862
Langmuir isotherm parameters from linearization
K, = 0.08178(L/mg)
Q"=3.9016(mg/g) 1.173x10° 5.23x10" 0.9896
K 0
R=1 + Py ah«Q
(1+K;arf~ )
Langmuir isotherm parameters from GA
K, = 0.05589(Z/myg) 8.933x10°° 4.15x10” 0.9894
Q"=3.966(mg/q)
Cd
. . Diffusion coefficient Velocity correlation coefficient
Methods to estimate retardation factors (R) )
(D, cm?/s) (v, cm/s) (p)
Linear isotherm parameters from diffusion tests
K; =4.18(L/kg)
n=042, p,=151g/em’ 4.728x107 8.833x10” 0.9914
R=1+ p’*[( =15.67
Langmuir isotherm parameters from linearization
K, =0.0753(L/mg)
Q"=4.1823(mg/qg) 1.37x10° 7.32x10” 0.9926
K 0
R= 1+ Py arIeQ
(1 +Karf~ )
Langmuir isotherm parameters from GA
K1, = 0-0527(L/mg) 1.074x10° 9.12x10” 0.9924

Q°=4.242(mg/q)
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