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Abstract : The adsorption of disperse yellow 3 (DY 3) on granular activated carbon (GAC) was investigated for isothermal
adsorption and kinetic and thermodynamic parameters by experimenting with initial concentration, contact time, temperature, and
pH of the dye as adsorption parameters. In the pH change experiment, the adsorption percent of DY 3 on activated carbon was
highest in the acidic region, pH 3 due to electrostatic attraction between the surface of the activated carbon with positive charge
and the anion (OH") of DY 3. The adsorption equilibrium data of DY 3 fit the Langmuir isothermal adsorption equation best, and
it was found that activated carbon can effectively remove DY 3 from the calculated separation factor (Rp). The heat of
adsorption-related constant (B) from the Temkin equation did not exceed 20 J mol™, indicating that it is a physical adsorption
process. The pseudo second order kinetic model fits well within 10.72% of the error percent in the kinetic experiments. The plots
for Weber and Morris intraparticle diffusion model were divided into two straight lines. The intraparticle diffusion rate was slow
because the slope of the stage 2 (intraparticle diffusion) was smaller than that of stage 1 (boundary layer diffusion). Therefore, it
was confirmed that the intraparticle diffusion was rate controlling step. The free energy change of the DY 3 adsorption by
activated carbon showed negative values at 298 ~ 318 K. As the temperature increased, the spontaneity increased. The enthalpy
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change of the adsorption reaction of DY 3 by activated carbon was 0.65 kJ mol™', which was an endothermic reaction, and the

entropy change was 2.14 J mol™ K\,
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Table 1. Identification of DY 2

Structure Chemical M. W.| CI

CAS No.
formular

CHg

”%}Q

HO

CisHisN30, | 269.30 | 11855]2832-40-8
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Figure 1. Pore size distribution and SEM image of activated carbon.
2.2. 3124 EAAH %
pH 8 32 AL 271%% 50 mg L'9] DY 3 8% 50 <80t
mLE Fg] ¥, &58H(pH 3 ~6 : HAc-NaAC, pH 6~ £ 70}
7 : HoHPO4-KH,POy, pH 8 ~ 11 : NH;OH-NH,Cl)& AR5} g 60
27] pHE 242} 3~ 112 % o2, EAJE 200 mgS Y1 & 2‘
= 50 -
H2] 2728 7](JS Research, JSSB-50T)° 4] 298 K, 100 rpm -%_
o 2A0R 12AZF B FHA A 540
DY 39 55X UV-Visible 52334 (Shimadzu, UV-1800) 2 sor
£ AR8ste] 357 nmollM 3 EE S5t ddAAEE A 20 . . . .
sto] ARSI} 2 4 6 8 10 12
52 FHAUYL 2755 50 mg L9 DY 3 589 50 mL PH
2 100 mL 7o) Y1, of7]o] BAERS 50 mg~500 mg Figure 2. Effte)ct of pH on adsorption of DY 3 dye by activated
carbon.
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3.1.1. Langmuir S25&H4]

Langmuir 5-2F2H412 S3A4 9] F3dL2 #4939
YA BEE 7HA)7] g0 S22 GREASCE 4
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‘g=roltt. AdZ 3= Figure 33} Table 20 e It Table
28 B 37HA S2EFA0l Hidt AEE Hlws] Hd
Langmuir 2]2] AA5(%)7F 0.987 ~0.9960.2 714 &=t
wtebA] ekl 93t DY 39] F22 dEARSZ FAok= A
oF ATt 4= QUTH10]. 298 ~318 K] LEH Qo4 &7}
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S2EABZVAF Langmuir RS THE A, FAY &
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Figure 3. Lagmuir isotherms for adsorption of DY 3 dye by
activated carbon.
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Figure 4. Freundlich isotherms for adsorption of DY 3 dye by
activated carbon.

Table 2. Langmuir, Freundlich and Temkin isotherm constants for
adsorption of DY 3 dye by activated carbon

Isotherm Temperature (K)
model Parameters 208 208 318
K 1.249 1.835 2219
Freundlich 1/n 0.673 0.733 0.837
r 0.970 0.987 0.988
Q, (mgg™) 27.649 45184  103.33
) K. (Lmg™) 0.027 0.030 0.018
Langmuir
Ry 0.425 0.402 0.524
r 0.9872  0.9959  0.9964
B (J mol™) 5.499 7.669 10.447
Temkin Kr (L mg") 0.304 0.432 0.520
s 0.925 0.931 0.883
3.1.3. Temkin S25 24!
Temkin 52F&HA A= A S2F oUAE #H EU
AR B FRARF SAH A}OH Ao AEZ Xa1sto] A

AL A4S BHE WY BE 249 Aol 259 §
S2 EW Y% P AFHOR AT ol APga

¢, =BIn(K;) + Bln(C,) (5)

017]4 B(J mol")2 &t tf-3ok= Aol Kie
o A3 ofzof dgsh= HE A A< (L gholth AdZ
31 Figure S2R-E BH7Fd B 32 2E=57Fe}F 74 550 <
7.67<10.45 J mol'hZ Z7F5t9 21, o] &Aeto] oJgt DY
39] 2ol EEFAB <20 J mol)ol| FethH= A& AlAF
S ETH14].
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Figure 5. Temkin isotherm of DY 3 by activated carbon at different
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Figure 6. Pseudo first order kinetics plots for adsorption of DY 3
dye by activated carbon at different initial concentrations
and 298 K.
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Figure 7. Pseudo second order kinetics plots for adsorption of
DY 3 dye by activated carbon at different initial
concentrations and 298 K.

Table 3. Pseudo first order and Pseudo second order kinetic model
parameters for adsorption of DY 3 by activated carbon at
various concentration. (298 K)

kinetic Initial concentration (mg L™
parameter

model 30 40 50
Qeep (mgg) 419 5.70 6.25

Qeca (Mg g™ 2.57 4.20 5.30
P Sfeu‘tio error (%) 39.62 26.32 15.20

1S

order ki (h) 0.393 0.357 0.297
r 0.996 0.993 0.993

Qecat (Mg g™) 4.52 5.93 6.92
Pseudo error (%) 7.88 4.04 10.72

second

order ks (h) 0.245 0.117 0.093
r 0.999 0.998 0.999

A2 AL AR AYulolE et & g 2R
B Eo] QITH15,16].

2l STy AHE FAF SR 2 oA} Ao H83F
AIE Figure 83+ 9o] YEMHOn, &40 metu]E] gHES
Table 49} Zreh. A} 0|2t HAlof gt ARy BH
0.996 ~1.0000.& - 2 ghi= A5 & 4= v} EF BHS
5o hat QAT 1.89~2.69% & A Y2} LA A}
2l 0.990 ~0.997, 25,26 ~57.41% Ht} AR © & wrorch KA

o} HEARSE 2T} ARSSRSE (129<0.240 <0.4312
S7kote AR yegon, 257 S7MEE FARESol
SHA dofubA] AR FFAIZEe] E5E & e Ao g
A= ATH17,18].
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Figure 8. Pseudo first order kinetics plots for adsorption of DY 3
dye by activated carbon at different temperature and 40
|
mgL™.
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Figure 9. Pseudo second order kinetics plots for adsorption of DY

3 dye by activated carbon at different temperature and
40 mg L™,

Table 4. Pseudo first order and Pseudo second order kinetic model
parameters for adsorption of DY 3 by activated carbon at
avarious Temperature (40 mg L")

Kinetic Initial concentration (mg L™)
Parameter

model 298 308 408
Qeexp (Mg g™ 5.70 5.82 5.94

Qeca (mg g™ 4.20 7.29 9.35

P Sfe“‘ti" error (%) 26.32 25.26 57.41

1S

order ki (h) 0.205 0.160 0.108
r 0.927 0.786 0.741

Qeca (Mg g™ 5.56 5.93 6.10

Pseudo error (%) 2.46 1.89 2.69

second
order k; (h) 0.129 0.240 0.431
r 0.996 1.000 1.000
(If, = kmtl/Q + C (8)

oA7IA K, YRR EASEA(me g (7)0]H, C 4
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Figure 10. Intraparticle diffusion plots for adsorption of DY 3 dye
by activated carbon.

Table 5. Intraparticle diffusion parameters for adsorption of DY 3
dye by activated carbon at different temperatures

Stage 1 Stage 2
Temperature
© gy C T gy ©
298 2.117 1.263 0.995 0.750  3.504 0.987
308 1.805  2.468 0.987 0.583  4.255 0.990
318 1.253  3.770 0.956 0.300  5.213 0.980

298 K, 308 K, 318 Kof|lA EF 7]&7]|7} 27091 2402 et
Wtk gRtd o FRAAE O FARA 4 @ FAS &
A Q) YA W BHake] 3 AR U], 283 Zo] 4He
SHSHA] eh= 27119 Ao YEuA HE Edols A%
o] FAlEo] OHAA7} AetRl 70|t} ouj&= stage 1 : A
S A WA 24D stage 2 ¢ JAF W FakE A A A)
o7 FRITh Al LA 712710 gtk YA A
TASE BW stage 19 2 1.253~2.1170]3L stage 2%
0.300 ~ 0.750 o]c}. webA] stage 2 FZHOIA 717|171 BEof W
7] ol A17ig FATE) Z7EET oA A Bkl
SEAHAA LS & 4= ATH17,18]. ESF stage 137} stage 2 &L
5 2wl Sles A SRS SR A0
2 et SHISER HelAE AS BT 4 9ok ey
LETL Ao RIS EARS} QIR S £}
Z7lelo] SAA] mLT WA A0 Fold % 3
L Aoz wuHdt C ¢S A% TS A He
g 24 2571 ASEho| whe) stage 194 1.253 <2.468 <
3.770, stage 2001 4] 3.504 <4.255<5.213 <=0 & Z7151c). wr
o emvt gektes Fahgol dg A4S dFE A
A, SAO SEAEIEAQ] stage 27} stage 1HTH A1 S2

FHTANANE GG setul eS| Fag 4
W7k @ & oleh Best Seteleel ARold AMSKAG),
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Table 6. Thermodynamic parameters for adsorption of DY 3 dye
by activated carbon at different temperatures

Dve Temperature K, AG® AH® AS°
4 (K) (kI mol™y  (kI'mol™) (Jmol' K™
298 0.690  -0.824
DY 3 308 1380  -1.019 0.65 2.14
318 2152 -2.027
AL HSHAH) 2 ANEET HIHAS)= F2ETHY LA,
S, E9/8eeE 55 Brbok=d AREE . SR
o] JEZ NS} Ay 9 AFoHA= 2d SE4oR
B dojA= EHAS(Ks=q/C)E °l-&5to] ettt
AS  AH1
W= "R T ©)
AG=—RTInK, (10)

25 FAEE APAT g o]8sto] A7) A o2 RE
St A5k whetu]E gHE-S Table 60 YERHTE ARpofu
W3l gk 298~318 K WA HF 35 Fh(negative
valueyZ Y] djo] S2Hgo] AEHor Jojdri=
AL & 5 god, 27} Zrigho] wet -0.824 >-1.019 >
-2.027 kI mol'Z <= gro] Z7istoirt. wEkal Aol 9
gk DY 39| FAWHE-S %7 SVt wet ApE/do] B A
Atk= AL & 4= ok 181 EAE] gigt DY 39] &kt
<Y ARl A #g} ko] 271& H|wgt A3, o] ¥hgo] &
25220~ 0 kJ mol)of] gt AS & 5 AATH20].

ZAdeto] gist DY 39 F2hEg9] gy Hal= 0.65 kI
mol'2 FgukSo|n, JERT Hek= 2.14 ] mol! K'& F
(positive value)?] ZHS 7}A+=1), o]AL DY 30] &4t
o F2t== 53¢ DY 39] FHo| 1A= Jd & £AH50]
|H Fo2 FEEHA 1A AHA A LrIst S5l o]
AEZT7}L F7tohe AR dekETH21].

4.3 E
BHEL AS3N0] DY 3 GRS B UL SHslo]
gde AZS et Pt
1) Bl 1% DY 39] FHSL Al H AT E
wol H'E Welo] ufe ol 242l DY 30| 7H3L Qi 44t
ol (0T FA71H Aol o} 4714 FenTt FHE

o] &9tom pH 304 1 FHEQ 78.5%F UetfAch
2) &gt gist DY 39] 229 Langmuir, Freundlich
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ok, E9, Langmuir 419 E2]A¢R,) o2 RE S
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1S o 1 ofj wa

(
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10.72% o2 & gorrh.
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A AR g4t 2 AR Whiro] Y EHGoH, S Aud
Ae BAS ARG 7187|Ho 22 A W gHtol Al
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o, Aol A #sh= 298 ~318 K H9JoflA] BE 29 Fho]
WA 2271 SIS SISk whEbA FREE AR
Holn &7t F7FdpE Aol ¥ AXt= A & &
At

o EU'
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