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Abstract : The adsorption characteristics of propineb pesticide onto activated carbon has been investigated for the adsorption in
aqueous solution with respect to initial concentration, contact time and temperature in batch experiment. The Langmuir and
Freundlich adsorption models were applied to described the equilibrium isotherms and isotherm constants were also determined.
The Freundlich model agrees with experimental data well. slope of isotherm line indicate that activated carbon could be employed
as effective treatment for removal of propineb. The pseudo first order, pseudo second order kinetic models were use to describe
the kinetic data and rate constants were evaluated. The adsorption process followed a pseudo second order model, and the adsor-
ption rate constant(k,) decreased with increasing initial concentration of propineb. The activation energy, change of free energy,
enthalpy, and entropy were also calculated to predict the nature adsorption. The estimated values for change of free energy were
-7.28,-8.27 and -11.66 kJ/mol over activated carbon at 298, 308 and 318 K, respectively. The results indicated toward a spontaneous
process. The positive value for change of enthalpy, 54.46 kJ/mol, found that the adsorption of propineb on activated carbon is an
endothermic process.

Keywords : Propineb, Activated carbon, Adsorption, Adsorption kinetics, Pesticide
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Figure 1. Molecular structure of propineb.
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Figure 2. Flow chart of adsorption experiment.
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Figure 3. Langmuir isotherms of propineb on activated carbon at

298 K.
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Figure 4. Freundlich isotherms of propineb on activated carbon at
298 K.

Table 1. Langmuir and Freundlich isotherm constants for adsorption of propineb on activated carbon at 298 K

Langmuir constants

Freundlich constants

Q. (mg/g) b (L/mg) r’

Kr (mg/g) (L/mg)"" 1/n r

463.8 7.8x10° 0.9793

95.55 0.214 0.9981




Table 2. Langmuir and Freundlich isotherm constants of Pesticide in previous studies

Pesticide Adsorbent Q. (mg/g) ke Reference
Ametryn AC cloth 354.61 200.95 [3]
Aldicarb AC cloth 421.80 102.03 [3]
Dinoseb AC cloth 301.84 49.09 [3]
Diuron AC cloth 213.06 128.41 [3]
Bromopropylate Corn cob AC 0.189 0.77 [4]
Carbofuran GAC 96.15 19.9 [8]
Bentazone AC cloth 151 53 [9]
Propanil AC cloth 114 73 [9]
Aldrin Date stone AC 6.369 4.976 [10]
2 Aol A Freundlich A=, 1/n g2 0.2412 2ALE 1=, U] F22 275kl WA glo] oF 8AI7F Fof HFPA
Fukukawa[7]:= I/ngto] 0.1~0.5¢ v &A1 S22 7}k 7 Bof =gsts A= Yebgth A E FAFO 2R E
Sejra slglons gAete] ot ZaayHe] EAAAY P FAEEATYCEES 4 (@), (55 Aestol B Anp
aypAor o|Rol 4= Q= EYUS & 4 Sl Table 29 Figure 6 9! Figure 73} 2t} o5 = RE £H=4]0f ule}
WA otel digt FH-ES Eleh Langmuir Ao o wlE| @5 A4 ATE Table 3] b,
3l 3t Q, gho] 463.82 714 =31, Freundlich 2] o & L&t Table 32 HH &£E Ao tf3t A =S Vel = AA 4
In 3 95.15% v 2 Hoj &3iv) wiebs] ZzujyErt Fkol frAFol ARG =42 0.9988~0.9991 = -FAFLAHE-E-4]
gl o8 fA F2E & doke AS & 5 AU ©] 0.9933~0.9984 Kt} =tk whebA] /el iyt 2oy
Ho| FELEE Gl li}‘i%é—l‘c@—% 1 2 as How
32 EXAT2X A B 5 otk fARIISSEA Y] SEANES 275
oy EMES AR Aow dehith fArelRugsE

1 oo oo
o
I
H1
_I_L4

é}(pseud first order

kinetics model)»]— A] (S)E x5 Q—t— Ao 2FEE-S- Al (pseudo
second order kinetics model)o] #-8&35}o] HQIth
In(q,—¢q)=Ing, — kit 4)
1 1
—= +—t 5
@ kG G )
o714 a2} i 717t HRAbelel L Akl A BaE mealy

3
B} Hmglg)olm, ki FARIAFG SN, ki F4F
oA Rk-g-& I /F4(g/mg hyo]th.
WA, ZRuYEe] 2715 EE USRS o] FE
35 gotr] Y8l =2y Y| H.9] 27]5%=E 500, 1,000, 1,500
myLOE B 2 0.1 g T th 120 pmo] HER
B =L ujhx] wikshEA dAHA E2 ot
FEE BEA45tY, Figure 59 22 ZE Aty 22

30 do 3
fr Jzﬂ

Aol o -3 B EF 2 (Gecar)

1600
1400
1200
1000
800
600
400
200

Residual concentration (mg/L)

Figure 5.

= A Geer) =T V]

o 500 mg/L
v 1,000 mg/L
[ ] 1,500 mg/L

| ]
L ° v [ -
[ ] v v L]
R SN S S S S
2 4 6 8
Time (h)

Table 3. Pseudo first order and pseudo second order kinetic model parameters for different initial propineb concentration at 298 K

10

Adsorption kinetic curves of propineb at different initial
concentration.

Initial concentration Qeexp Pseudo first order kinetic model Pseudo second order kinetic model
(mg/L) (mg/g) Qe.cal (ME/Q) ki (h) r Qeca (mg/g)  kox10° (g/mg h) £
500 4949 327.0 0.422 0.9933 542.0 1.715 0.9988
1,000 948.5 563.0 0.404 0.9964 1,013.9 1.013 0.9991
1,500 1,418.4 863.2 0.402 0.9984 1,542.8 0.636 0.9990
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Figure 6. Pseudo first order kinetics of propineb onto activated
carbon at different initial concentration.
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Figure 7. Pseudo second order kinetics of propineb onto activated
carbon at different initial concentration.
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Figure 8. Pseudo second order kinetics of propineb onto activated
carbon at different temperature.

Table 4. Pseudo second order kinetic model parameters of propineb onto activated carbon at different temperature

Pseudo second order kinetic model

Temperature (K) Experimental equilibrium

Calculation equilibrium capacity,

Rate constant

capacity qe,exp (ME/L) Geen (/) lox10° (e/mg h) Correlation factor *
298 948.5 1,013.9 1.013 0.9989
308 989.7 1,054.5 1.084 0.9992
318 1,020.6 1,084.3 1.196 0.9992
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Figure 9. Plot of In k; vs. 1/T for estimation of thermodynamic para-
meters for adsorption of propineb onto activated carbon.
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Figure 10. Plot of In kd vs. 1/T for estimation of thermodynamic
parameters for adsorption of propineb onto activated
carbon.
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Table 5. Thermodynamic parameters calculated with the pseudo second order rate constant for propineb onto activated carbon

Temperature (K) Kd AH® (kJ/mol) AG° (kJ/mol) AS° (J/mol K)
298 18.86 -7.28
308 25.26 54.46 -8.27 206.01
318 75.92 -11.66

Table 6. Thermodynamic parameters calculated with the pseudo second order for pesticide onto activated carbon in previous studies

Pesticide AH (kJ/mol) AS (J/mol K) AG (kJ/mol) Reference
2,4-Dichlorophenoxy acetic acid -2.03 -63.91 -21.08 [8]
Carbofuran -0.81 -67.87 -21.04 [8]
Aldrin -31.77 -95.1 -3.37 [10]
Dieldrin -24.03 -73.55 -2.02 [10]
Endrin -17.82 -57.01 -0.81 [10]
Malachite green 101.00 37.1 -3.26 [14]
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