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Abstract : The isothermal adsorption, dynamic, and thermodynamic parameters of Acid black (AB) and Quinoline yellow (QY)
adsorption by activated carbon were investigated using the initial concentration, contact time, temperature, and pH of the dyes
as adsorption parameters. The adsorption equilibrium data fits the Freundlich isothermal adsorption model, and the calculated
Freundlich separation factor values found that activated carbon can effectively remove AB and QY. Comparing the kinetic data
showed that the pseudo second order model was within 10% error in the adsorption process. The intraparticle diffusion equation
results were divided into two straight lines. Since the slope of the intraparticle diffusion line was smaller than the slope of the
boundary layer diffusion line, it was confirmed that intraparticle diffusion was the rate-controlling step. The thermodynamic
experiments indicated that the activation energies of AB and QY were 19.87 kJ mol™ and 14.17 kJ mol™', which corresponded
with the physical adsorption process (5 ~ 40 kJ mol™). The adsorption reaction was spontaneous because the free energy
change in the adsorption of AB and QY by activated carbon was negative from 298 to 318 K. As the temperature increased,
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the free energy value decreased resulting in higher spontaneity. Adsorption of AB and QY by activated carbon showed the
highest adsorption removal rate at pH 3 due to the effect of anions generated by dissociation. The adsorption mechanism was

electrostatic attraction.
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Figure 2. Freundlich isotherms for AB adsorption by activated
carbon at different temperatures.
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Figure 3. Freundlich isotherms for QY adsorption by activated
carbon at different temperatures.
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Figure 4. Lagmuir isotherms for AB adsorption by activated carbon
at different temperatures.
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Figure 5. Lagmuir isotherms for QY adsorption by activated carbon
at different temperatures.
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Table 2. Langmuir and Freundlich isotherm constants for adsorption of AB and QY by activated Carbon

Temperature (K)
Dye Isotherm model Parameters
298 308 318
K 1.74 2.43 3.12
Freundlich 1/n 0.72 0.71 0.70
r 0.9983 0.9985 0.9975
AB Q, (mgg™) 12.24 12.25 13.30
) K. (Lmg") 0.164 0.269 0.345
Langmuir
Ry, 0.379 0.271 0.225
r 0.9976 0.9933 0.9918
Kr 4.72 2.93 2.29
Freundlich 1/n 0.85 0.76 0.71
r 0.9967 0.9940 0.9977
QY Q, (mggh) 12.57 14.99 43.48
) K. (Lmg") 0.235 0.269 0.128
Langmuir
Ry, 0.299 0.271 0.439
r 0.9943 0.9913 0.9980
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Figure 6. Pseudo first order kinetics plots for AB adsorption by
activated carbon at different initial concentrations and
298 K.
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Figure 7. Pseudo first order kinetics plots for QY adsorption by
activated carbon at different initial concentrations and
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Figure 8. Pseudo second order kinetics plots for AB adsorption by

activated carbon at different initial concentrations and
298 K.

t/q, (h g/mg)

t(h)
Figure 9. Pseudo second order kinetics plots for QY adsorption by

activated carbon at different initial concentrations and
298 K.

ABS} QY9] Fo| tigt FEY HEAY YolES 4
U7} whg&mAlo] 488 AT 27 Figure 63} 7, §4} ]
2} 4w 83 AT Figure 87} 90 YERASLL,
&54]9] shebulE GHES Table 30| A5ttt ABY] F2
ol SloiA, 4ol chgt %ﬂﬂlﬁr)g B §AF QA HgEE
21(0.9834 ~0.9977) < S-A} 0]x} ¥RS-4=T A1(0.9976 ~ 0.9993) 2.
2 A oA Hhg BT Ao JTA ST 27k o 19] Zh7tgick.
o]ZA& Equation (8)% AM&5to] WPFTH T &S 73
B A AR} §HS4 2 4](46.6 ~ 78.85%) >> AL O]R} HM-
223,59 ~ 9.78%) 2 Q3go] BHI3] 29| wjEo] A
2ol J3 ABS] FEFHS G4 o3} W& w0l o X3
o Aoz waE ok

QY9 B9 ABALTE fAF oA HESLEA(0.9990 ~
0.9996)0] 9AF YA} HHS& T A1(0.9570 ~0.9865) Hr} I,
PRE2F] 3t OALE(6.98~9.2%)2 FAF A} HHS
&A1) QA-8(55.24 ~76.53%) BTt A Zopx] EAJE
93t QY9 ZAEAT QA} 0|2} HRS& T Alo] ©] Aglet A
o2 WHEITE. fA} o)A HRELE A TR Ee] F2HA-
2 N ARle] AgA Agoleet & son, §A% A
A7t gol HAE ATH9-11].

>

u:lo]n



S ebo]| 9]t Acid Black®} Quinoline Yellow?] S2-EA4] @ wiatnle] 191

Table 3. Kinetic parameters for adsorption of AB and QY by activated carbon for different initial concentrations at 298 K

Initial concentration (mg L™)

Dye Kinetic Parameter
model 10 20 30
Qeexp (Mg g™ 2.160 4.904 7319
Qecal (Mg ) 1.154 1.394 1.410
Pseudo error (%) 46.6 68.40 78.85
first order ki (h) 0.0745 0.0805 0.0884
AB r 0.9834 0.9977 0.9948
Qecal (mgg?h) 2371 4.733 6.906
Pseudo error (%) 9.73 7.28 3.59
second order ks (h) 0.2937 0.2250 0.2614
r 0.9976 0.9982 0.9993
2.381 4.806 7.247
Qecal (mggh) 1.066 1.529 1,701
Pseudo error (%) 55.24 68.19 76.53
first order ki (h) 0.0669 0.0658 0.0689
QY r 0.9570 0.9865 0.9840
Qecal (mggh) 2.547 5.269 7.813
Pseudo error (%) 6.98 9.62 7.81
second order ks (h) 0.3473 0.1457 0.1254
r 0.9991 0.9990 0.9996

tiq, (hg mg™)

t(h)

Figure 10. Pseudo second order kinetics plots for AB adsorption by
activated carbon at different temperature and 20 mg L™
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Figure 11. Pseudo second order kinetics plots for QY adsorption by
activated carbon at different temperature and 20 mg L.
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Table 4. Kinetic parameters for adsorption of AB and QY by activated carbon for different temperatures at 20 mg L'

N Temperature (K)
Dye Kinetic model Parameter
298 308 318
Qeexp (Mg g™) 4411 4.689 4.825
Qecal (Mg g?h) 4733 4.99 5.097
AB error (%) 7.28 6.42 5.63
Pseudo second order
ks (h) 0.2250 0.2406 0.3195
r 0.9982 0.9987 0.9996
Qeexp (Mg g™) 4.806 4.866 4.922
Qecal (Mg g 5.287 5319 5.322
QY error (%) 9.62 9.31 8.13
Pseudo second order
k (h) 0.1457 0.1622 0.1869
r 0.9990 0.9996 0.9991
6 6
T M o ?M
— . — /
'c) 4 - 'O) 4r [
()]} Y [®)] v
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~ 3r ~ 3r .
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Figure 12. Intraparticle diffusion plots for adsorption of AB by
activated carbon at different temperatures.
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Figure 13. Intraparticle diffusion plots for adsorption of QY by
activated carbon at different temperatures.
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Table 5. Intraparticle diffusion parameters for adsorption of AB and QY by activated carbon at different temperatures

AB QY
Temperature (K)
kn (mgg' t'?) C r kn (mgg' t?) C r
298 0.667 2.345 0.9956 0.819 2.115 0.9641
308 0.661 2.648 0.9953 0.799 2.292 0.9600
318 0.591 3.076 0.9818 0.734 2.564 0.9476
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Table 6. Thermodynamic parameters calculated with the pseudo second order rate constant for Acid Red 66 onto activated carbon at different

temperatures
Dye  Temperature (K) K (kJ r]iaol") (kJAn?or‘) (kJAnI;Iol'l) JmoAl'S' K"
298 12.78 -6.312
AB 308 21.19 19.87 -7.819 584.67 2.268
318 35.67 -9.450
298 1.8736 -1.556
QY 308 3.7665 14.17 -3.396 743.16 2.570
318 6.8986 -5.106
Equation (1) A|A]5t2ic}. 7Hs4o] o RoHths AL & 2 Uoltt. ZRgoUA e A
5 718 7T FRukgo] BEAFAIA Ex steigAelA B
Ink, =Ind——% (10) @3 % 9t & AT BA] o3 ABY QY] T2
A

AolA EEx FFEo &4 oUA(k] mol'), A=
Arrhenius Q1A}, RS 7]14)1A4H43(8.314 T mol! K), 7= B2
TKolth 2= £ A9 AFE Equation (10)°] -85
o In ket /T BAE Uetll= A4 71&7] E/R 25E T
3t AB2 QY9] 843} o A|= Table 60 LERH H}Q} o]
77} 19.87 kI mol™, 14.17 kJ mol ']t} Seta} 22 53¢
Aol A doju= S22 F& YA A7]0 w2t &1
S SpekgRto g RS 5 Qv £ A9 A= 84
ghojl o3t AB2} QY9] WS B 2 S/%} ovA &
7 EEEEH5 ~40 k) mol)e] EAE 7HIthHe A& B}l
o]— /\ 9}1—,]. 17].

ARl U A HAG), AE T HSKAH) 9 AE 23] HMSKAS)
9} o g3} getnge SERTAo eAT A" Z93%
AAMSTEA 249 Ay, S9EE, E9/489E3 5

G715k ARRETh B2 o] AEZ U9} dgu: &
T A0 2R oA = BHiAIRK = q/C)E °l&

o

atol kg Ao ofs) 7 4 AL
AS AH 1
=% "R T b

293 AgeIA Mk ke Aog 7 & Ytk
AG=—RT K, (12)

ey ZaLET AYAUYS ol%}oﬂ Equation (11)~ (12)

gt A5 mhetu]E &2 Table 60 YEFYT
ABS} QY9 AWM HE 257} —57}@@% K4 gtol 37t
St7] wiiEe] 2=t SSESE 2o v & "o Ag
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Figure 14. Effect of pH on adsorption of AB and QY by activated

carbon.
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