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Abstract — The batch experiments by response surface methodology (RSM) have been applied to investigate the influ-
ences of operating parameters such as temperature, initial concentration, contact time and adsorbent dosage on 2,4-
dichlorophenol (2,4-DCP) adsorption with an activated carbon prepared from waste citrus peel (WCAC). Regression
equation formulated for the 2,4-DCP adsorption was represented as a function of response variables. Adequacy of the
model was tested by the correlation between experimental and predicted values of the response. A fairly high value of R?
(0.9921) indicated that most of the data variation was explained by the regression model. The significance of indepen-
dent variables and their interactions were tested by the analysis of variance (ANOVA) and t-test statistics. These results
showed that the model used to fit response variables was significant and adequate to represent the relationship between
the response and the independent variables. The kinetics and isotherm experiment data can be well described with the
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pseudo-second order model and the Langmuir isotherm model, respectively. The maximum adsorption capacity of 2,4-
DCP on WCAC calculated from the Langmuir isotherm model was 345.49 mg/g. The rate controlling mechanism study
revealed that film diffusion and intraparticle diffusion were simultaneously occurring during the adsorption process. The
thermodynamic parameters indicated that the adsorption reaction of 2,4-DCP on WCAC was an endothermic and spon-

taneous process.
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Table 1. Experimental design levels of chosen variables

Variabl Factors Level
antables X,  Low(-1) Middle(0) High(+])
Concentration (mg/L) X 100 200 300
pH X, 3 6 9
Dose (g) X3 0.04 0.07 0.1
Time (min) X, 1 5.5 10
27319 A AvAteE B o] A2 A vl 55
Aol] Akl T} 28 27 B o Qojzirt,
Y =257.48 + 64.05X, — 58.29X, — 26.87X; + 48.54X, — 4.50X,X,

+1.88X,X;+ 12.94X, X, —
—15.63X% - 11.53X3

o714 X,, Xo, X3 B X, = 242} 2,4-DCPE] 7]

FHAS] He) 3 AR mimE ehirt

Table 201]}\1 7—]' Al 84 zA oﬂj\i

6.69X,X; — 12.37X,X, — 12.99X;X,
—2.97X3 -2633X3

@
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£ 2,4-DCP S& 2] A A=

4~ 12731 mg/gellA] F 1) 363.64 mg/g7HA & Hﬂ@r HA=d,
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Table 2. Experimental design matrix and experimental and predicted values of response

Run Variables Responses Probability (%)
X X, X5 X4 Yobs Yore Yobs~ Yore
1 —-1(100) -1(3) 0(0.07) 0(5.5) 229.47 220.559 8.9113 90.146
2 +1(300) -1(3) 0(0.07) 0(5.5) 350.96 357.669 —6.7088 20.8029
3 —-1(100) +1(9) 0(0.07) 0(5.5) 119.24 112.990 6.2496 82.8467
4 +1(300) +1(9) 0(0.07) 0(5.5) 222.72 232.090 -9.3704 6.20438
5 0(200) 0(6) —-1(0.04) -1(1) 181.10 193.524 —12.4237 2.55474
6 0(100) 0(6) +1(0.1) -1(1) 166.93 165.762 1.1679 53.6496
7 0(100) 0(6) —1(0.04) +1(10) 314.96 316.587 -1.6271 42.7007
8 0(100) 0(6) +1(0.1) +1(10) 248.82 236.855 11.9646 97.4453
9 —1(100) 0(6) 0(0.07) -1(1) 114.74 115.874 —-1.1342 46.3504
10 +1(300) 0(6) 0(0.07) -1(1) 22272 218.104 4.6158 68.2482
11 —1(100) 0(6) 0(0.07) +1(10) 184.48 187.007 -2.5975 39.0511
12 +1(300) 0(6) 0(0.07) +1(10) 34421 341.058 3.1525 64.5985
13 0(100) -1(3) —-1(0.04) 0(5.5) 330.71 321.946 8.7642 86.4964
14 0(100) +1(9) —1(0.04) 0(5.5) 228.35 218.762 9.5875 93.7956
15 0(100) -1(3) +1(0.1) 0(5.5) 274.02 281.589 —7.5692 9.85401
16 0(100) +1(9) +1(0.1) 0(5.5) 144.88 151.626 —6.7458 17.1533
17 —-1(100) 0(6) —-1(0.04) 0(5.5) 196.50 203.585 —7.0854 13.5036
18 +1(300) 0(6) —-1(0.04) 0(5.5) 330.71 327.925 2.7846 57.2993
19 -1(100) 0(6) +1(0.1) 0(5.5) 141.73 146.074 —4.3437 31.7518
20 +1(300) 0(6) +1(0.1) 0(5.5) 283.47 277.944 5.5262 79.1971
21 0(100) -1(3) 0(0.07) -1(1) 220.47 217.502 2.9679 60.9489
22 0(100) +1(9) 0(0.07) -1(1) 130.48 125.674 4.8062 75.5474
23 0(100) -1(3) 0(0.07) +1(10) 332.96 339.325 —6.7458 17.1533
24 0(100) +1(9) 0(0.07) +1(10) 193.48 198.007 -4.5271 28.1022
25 0(100) 0(6) 0(0.07) 0(5.5) 256.47 257.483 4.7867 71.8978
26 0(100) 0(6) 0(0.07) 0(5.5) 257.81 257.483 —-0.9933 50.0000
27 0(100) 0(6) 0(0.07) 0(5.5) 255.18 257.483 —-3.7933 35.4015
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Table 3. ANOVA and multiple regression results for the selected quadratic model

Factor DF Coefficient SE Coef SS MSS t-value F value p value PC Remark
Model 14 - - 133539 103.85 - 107.2 0.000 - Significant
Constant 257.48 5.53 - - 46.53 - 0.000 - Significant
Linear 4 126939 317349 345.52 0.000 94.32 Significant
X, 1 64.05 2.71 49233 49232.7 23.15 536.02 0.000 36.58 Significant
X5 1 -58.29 2.71 40768 40768.0 -21.07 443.87 0.000 30.29 Significant
X5 1 —26.87 2.71 8666 8666.1 -9.71 94.35 0.000 6.440 Significant
Xy 1 48.54 2.71 28273 28272.6 17.54 307.82 0.000 21.01 Significant
Square 4 4368 1091.9 11.89 0.000 4.02 Significant
X,2 1 -15.63 4.15 1303 1302.5 -3.77 14.18 0.003 0.91 Significant
X,2 1 —-11.03 4.15 649 6438.7 -2.66 7.06 0.021 0.44 Significant
X;2 1 -2.97 4.15 47 472 —-0.72 0.51 0.487 0.03
X2 1 —26.33 4.15 3697 3696.7 —6.34 40.25 0.000 2.64 Significant
Interaction 6 2232 371.9 4.05 0.019 1.66 Significant
XX, 1 —4.50 4.79 81 81.1 —0.94 0.88 0.366 0.06
X, X5 1 1.88 4.79 14 14.2 0.39 0.15 0.701 0.01
XXy 1 12.94 4.79 670 669.5 2.70 7.29 0.019 0.50 Significant
X,Xs 1 —6.69 4.79 179 179.3 —-1.40 1.95 0.188 0.13
XXy 1 -12.37 4.79 612 6123 -2.58 6.67 0.024 0.46 Significant
XXy 1 -12.99 4.79 675 6752 -2.71 7.35 0.019 0.50 Significant
Residual 12 1102 91.8
Lack of fit 10 1064 106.4 5.56 0.162
Error 2 38 19.1
SS: Sum of square, MSS: Mean sum of squares
PC: Percent contribution, PC = ; SSS x 100
400 3 99
° 98
R®> =0.9921 o o5
3501 R?,, =09828 27 %
R’,eq = 0.9544 2 .
® i 80
@ 300 - N
§ N : 70 >
- | 2 0 50 §
3 250 . s e 5
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Fig. 1. Comparison between the experimental values and the pre-
dicted values of the RSM model for the adsorption of 2,4-DCP.
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Fig. 2. The normal probability versus the raw residuals for the
adsorption of 2,4-DCP.
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variables and their interaction on the adsorption of 2,4-DCP.
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Fig. 4. Contour plots as a function of initial concentration and different factors (The digits in the graphs indicate the adsorption amount of

2,4-DCP in mg/g unit).
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Table 4. Kinetic parameters for the adsorption of 2,4-DCP on WCAC
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Fig. 6. Intraparticle diffusion plot for the adsorption of 2,4-DCP on
WCAC.
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Pseudo first order model

Pseudo second order model

Ao (08 Qeca (M) K, (/min) Qe (M) Ky (g/mg min) R
185.83 176.62 0.4617 189.83 0.0039 0.9911
Table 5. Parameters of Weber-Morris kinetic model for adsorption of 2,4-DCP on WCAC
Ist linear 2nd linear
K1 (mg/g-min'?) C R’ K> (mg/g-min'"?) G, R?
51.5508 20.7412 0.9220 3.6938 160.6276 0.7032
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Fig. 7. Isotherm plots for the adsorption of 2,4-DCP on WCAC.

Table 6. Isotherm parameters for the adsorption of 2,4-DCP on WCAC
Freundlich

Ky ((mg/g) (L/mg)"")
152.82

Langmuir

q,,(mg/g) K, (L/mg)
345.49 0.4001

n R?
5.4060 0.9276

RZ
0.9553
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olg3to] 72

AR 63 3133}, Box-
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o
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o dojyitt. T2 %iﬁ 7= Langmuir =550l & 2
Rt o, Aol FHS: 34549 myeolitt.

Nomenclature
C : constant related to the thickness of the boundary [mg/g]
C, : equilibrium liquid-phase concentration [mg/L]
C, : initial liquid-phase concentration [mg/L]
C, : liquid-phase concentration at time t [mg/L]
k, : rate constant of pseudo-first-order kinetic model [1/min]
k, :rate constant of pseudo-second-order kinetic model [g/mg-min]
K : Freundlich constant related to adsorption capacity [(mg/g)(L/mg)""]
k,, : intraparticle diffusion rate constant [mg/g-min'?]

W

10.

11.

12.

13.

14.

t 55-2] 2,4-Dichlorophenol ¥21574 14

729

: Langmuir constant related to free energy of adsorption [L/mg]

: mass of absorbent [g]

: Freundlich isotherm exponent

: adsorption capacity at equilibrium [mg/g]

: maximum monolayer adsorption capacity in Langmuir isotherm
[mg/g]

: adsorption capacity at time t [mg/g]

: gas constant [kJ/mol-K]

: decision coefficient

: time [min]

: volume of solution [L]
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