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G Ql pH 30014 &2FE°] 7P =3ttt o]= F(HL 2 o E & dgt EHI} DY 39 S0]2(OH) Ato]2] Hx7]4 Q15
7108 Ao 2 fHE 9t DY 39] S PAR 2 HE Langmuir 525240 71 2 gorow, AlLE E ARy #
o 2 RE ZAeto] DY 32 A 0 & A| AT 4= Qloks AL Adth T3, Temkin 4] 9] S2HF ¥ AH4=2] 2ko] 20 J mol”
S YA Yol B2 2 FAHYLS U 4= Atk S AL srd AT 25l A BT G4} o3} £ Alo] QS
10.72% oW A T}. Weberet Morris2] YA 4t B O] 2R E= F TA 9] A4 02 e Stage 2(YAHY 49 7]
2717} stage 1A E4hH 2] 71271 E ot ZHA YR AAF Wf EHato] XAl AS ERIsHA T &%) 2% DY
3 &2H9] AFo | k= 298 ~ 318 Kol Al 5 9] 3h& UEtil o, 257} Z7FeE 2pH/go] o Eobsth. &%
o] tigt DY 39] F2HHg-9] Qg Moh= 0.65 kI mol' 2 FYHHgo|lon, AEZ N HIl=2.14 I mol' K'& < gk
(positive value)2 LFEFHCE.
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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 (Rr). 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.

Keywords : Disperse yellow 3, Dye adsorption, Adsorption equilibrium, kinetic, Thermodynamic
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DY 3% Sigma-Aldrich AF9] A|&-S A}2-3}o] 1000 mg L'9]
TE&HS ZAGHA AAo] Htsto] £1 A%t &4 5k
& B)A5to] ARgSElon, 11 EAJ2 Table 13+ 2o} S2HA]
= PN AR oA A JA BATHGAC, Bt
Q37 : 1.638 mm, H]EHA: 1,638 m* gy A&sktt &}
= v EHA/ANTZ7] BEx =%AX](BELSORP-mini 1I, BEL,
Japan)E ARg-sto] BA435H A1), WA F32 74 3.7 nmQ] pore
7} Z2 st 12 E 7FX 3 Y9Ik Figure 10] ARR-3F 34

wo] Mzl Rnel FAAAENA S Yehhgt.

Table 1. Identification of DY 2

Structure Chemical M.W.| CI

formular CAS No.
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Figure 1. Pore size distribution and SEM image of activated carbon.
2.2. 3124 A %
pH 8 & A9L 27]%5% 50 mg L'9] DY 3 89 50 80t
mLE F7g] ¥, &3E&H(pH 3~6 : HAc-NaAC, pH 6~ £
7 : HHPO4-KH,POy4, pH 8 ~ 11 : NH;OH-NH,Cl)& AR&5}o] % 60 |
27] pHE 247} 3~ 112 9 o2, EAJE 200 mgS Y1 & 2‘
- 50 -
H2] 2 Z87](JS Research, JSSB-50T)°] 4 298 K, 100 rpm %
of 2A0R 1247 BU FAAAT 5“0
DY 39 55X UV-Visible 52334 (Shimadzu, UV-1800) 2 eor
£ AHg3tel 357 ol EREE ZY5te] AFAULS AHE 2 S
'3]—01 7314'5_}@\:]- 2 4 6 8 10 12
9 BHAFYL 27]%% 50 mg L'9] DY 3 489 50 mL pH
2 100 mL o] Y1, of7]o] BAERS 50 mg~ 500 mg Figure 2. Effﬁct of pH on adsorption of DY 3 dye by activated
carbon.

HePolM Z2t =4 d7kekal 42449 =5 298 K, 308 K
9 318 K& 143t t}i FEA F2AF7]01A 100 pmo =
12A17F &t SR & IAE sE BASHH. 275 =2
BRET AL 298 KoA 27]%%7} 30, 40, 50 mg L'O&

2 DY 3 89 5 mLo]| &A% 200 mgS H7FsH 3, 100
rpm] FEA] F2F7]0NA 12417 F2A7|AL 1AIZE &9
2 =58 =2A59ch 2xy ZRETAYL 27] BT 40
mg L'9 DY 3 489 50 mLo] S 200 mgS FY3H
T, w2 717k 298 K, 308 K, 318 K& 3o] gE-4] g2

719014 100 rpmO & 12A17F F&FA] the A& S A7
g ZAsI

W °1§1°ﬂ ofsh &2t & 3‘3} Al ﬂ“ﬂ ATt dEe=
H'9| o] AXHA 714 Qo] B ZsiA|7] Hzol

FAFE F7HtATHI)
GAC—H" + OH —DY3 — GAC— H——— OH—DY3 (1)
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3.1.1. Langmuir s2&%t
Langmuir $-282H4]2 24 1H] S22 #Y% o
YA BEE 7H47) Bige] AL dEASOR 3T

Solzlcka 7Hge mdoltt.

Ko )
714 Q2 Ki2 F3-87F ¥ F2<4 =9 WAHE Langmuir
‘g=roltt. Ad¥Z 3= Figure 33} Table 20 LUER It Table
28 B9 37HA S2EFA0l Hidt AEE Hlws] HH
Langmuir 2]2] A ()7F 0.987 ~0.9962.2 714 &4t
whebs] /et 93t DY 39| F2 HEASS P45k A
o & A3t 4= QITHI0]. 298 ~318 KO 2L H QoA &=7}
Z7V342 F2ETHQ,)0] 27.65<45.18<103.33 mg g' =0
& 37heH, SR =7T AeiAs Ao waE 1],
5L HHFBAY} Langmuir RS WS FS, FAY B
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Figure 3. Lagmuir isotherms for adsorption of DY 3 dye by
activated carbon.
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3.2.2. Freundlich S22
Freundlich®] 525242 E1USH o1 A] & #—2— 7}A &
ZHA| ol His) F2HEo] LSt
o e Aol

log g, =log KF+%log C, 4

0}714 Caz T BY5E(mg L), o= A ¥3
ZZ(mg ¢')ol1, Ke= A9 T2, 1/mS A4
o|t}. AFAIE Figure 49} Table 20 LYEFYITh Table 22
HE Ao th5t R Z7} 0.970 ~ 0.988F Langmuir A ETH=
4 GARE Bl w A & uiepy] o] &/l oJgt DY 39
HEAS = "a ATHAL SiAE T (12]. 2H o &
3t DY 3 A2 RSS2 HHEALS &3]
o0& Yojib= AoE HWHEJATHI0].

214 9] T2FLEF(Kp)S 298 ~ 318 K QoA &7t 27}
2 1.25<1.84<222 mg g' 0= ZUfelQong FanA
FErgoz JgPH Ao wE gt

Freundlich &85 (1/n)7} 0~ 1 HYo] 2A5HH S2HA
H7¥gol S7tetol wet F2kgo] SRt kA F2hx2
o] AFAL WA= A HE ARRHTH13]. B AFof|A 9 *E‘
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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
R. 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
r 0.925 0.931 0.883
3.1.3. Temkin S5z
Temkin 52g&H4oA = A S AHAE 1 HUY
SR B F2A9F SR Aol 9] Ao ARE-Z Xalsto] A

3. A FAS ol ZE Ao S e
o @7 AP AT FAY Holeka it

¢, =BIn(K;) + Bln(C,) 5)

017]4 B(J mol")2 F&tdo] tf-3ok= Aol K
o A o z|of d-gsh= HE A A< (L g)oltt AdZ
31 Figure S2R-E BH7Fd B 32 2E=57Fe} 74 550 <
7.67<10.45 (J molhZ Z7F5t9 21, o] &Aeto] oJgt DY
39 o] EEFA(B <20 J mol)ol| FeTH= A& AlAF
3 ZH14].

3.3. SHEH ol

33.1. 55 MY

gAJeto] oI5t DY 39] E2S SEsth oz FAstuA &
AF DR} &5 2 (pseudo first order model), (6)T} F-AF 03} &1z
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Figure 5. Temkin isotherm of DY 3 by activated carbon at different
temperature.
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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 (mggh) 419 5.70 6.25

Qeca (Mg g") 2.57 4.20 5.30
P if’u‘tio error (%) 39.62 26.32 15.20

1rS

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

Qeca (mg ") 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 AAHO AR AYulolE et & g ZloR
B 150 QrH15,16].

2l STy AHE FAF SR 2 oA} LA o] H83F
AIE Figure 83} 90 Uehflom, &:40] metulg HEL
Table 49 2tk AL o3} LEAlof tigt FBAF)S B
0.996 ~1.0000.& - 2 gh= A& & 4= QUv}. EF BHS
5o et QAT 1.89~2.69% & A Y2} ST A}
21 0.990 ~0.997, 25,26 ~57.41% Rt} W4 © & wokeh QA

o} HEARSE 2T} ARSSRSRE ()129<0.240 < 04312
S7kote AR yegon, 257t S7MEE FARESol
ISHA dofubA] AR FFAIZEe] B5E & e Ao g

A= ATH17,18].

3.3.2. YUK} LY 2RAHA
Weber®} Morris= S48 22 o34 S2HA|
o] g Qto g FitE o] EH =}
92 AAA =Hewl, o] HAFNA HA FHEEE Aulist=
SEAMTAS 27] Al o 22 AR S A
kst

X
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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
a
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™)

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

Qeca (mg g™ 4.20 7.29 9.35

P E‘;‘EO error (%) 26.32 2526 57.41
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
o=k t"?+C ®)

oA7IA K, YRR EASEA(me g 17)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 . .
ey © (mgg' ¢y ¢ F
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 Ko|A % 7]-27|7} 2791 F Aoz vet
woh dutdo s FAGA = O FAEA &4 @ BAS &
AL 3 JAF Wl 8HAEe] 3 TA|R U=, 283 go] YES
BaoHA] = 2709 Ao R YEtUA HH Edols AF
o] FA|E o] MA7} AR 7ot} o]wj= stage 1 : A
Z KA WA 2 A)T stage 2 ¢ YA} Ui SHHE HA 214)
o7 FEITh Al REoA 7]&7]0l sHFote YA Ak
TASE Bd stage 19 ZH2 1.253~2.1170]3L stage 2%
0.300 ~0.750 o]c}. wabA] stage 2 7O A 77|17 BEof W
7] giZoll At F2HEO] S7FEETE oA YA ghito]
SEAHAAYS & 5 ATH17,18]. T stage 137} stage 2 KL
T 227t S7HE A SRS STk AL
2 Ut SR WA= A G0 5= ok meEbA
227t 5ot AR =St AR BSR4
SVt SR Pl ot AANRSAIZo] Fotd 4= 9l
£ ZA0= fEY. C 32 AASY FAL =" n
ez 227t 5ol Tt stage 1914 1.253 <2.468 <
3.770, stage 20]|4] 3.504 <4.255 <5213 =08 Z7}s}9ich o
A 227t SEdeE SRS diet AASS ¥ A
A, FAIo SEAETEAQL stage 27} stage 11t FA S

FHZ AL A3} setuE S| A 44
W57t @ 4 drk 9o shetueel ARoluAEEHAG),
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Table 6. Thermodynamic parameters for adsorption of DY 3 dye
by activated carbon at different temperatures

Dye Temperature K, AG® ; AH° ; A,Slo ;
X) (kJmol™) (kJmol™) (Jmol™ K7)
298 0.690  -0.824

DY 3 308 1.380  -1.019 0.65 2.14
318 2152 -2.027

& 2 213
o) AEZ MY} AT U Ao HAE LEY SEATOE
B Aol EHAS (K= q/C)E ol-&5to] T3ttt
_AS _ AH1
Ink, ="~ - — ©)
AG=—RTInK, (10)

25 FAEE AHAT S o8] 4] Horuy
St @stA] mhetn|E e Table 60 WERT Aoy
HIL g2 298~318 K HelolA HEF 35 Fh(negative
valueye UrER] whio] F2hulgo] AP o s Jojyrhs
AL & 5 Aen, 227t Z7H] whet -0.824>-1.019>
202710 mol'2 £ gto] B71SISAct. wheb @4sel o
< DY 39| FAE2 257} 57}6‘01] et 2ol o A
AThe A2 & 2 olek. T213 APeo] ohet DY 3¢ Fht
o) AReluin W el 2718 vl ash ol W8l &
BF2H-20~0 kI mol)ol SFH AL L %= YATH20].

/gt digt DY 39 g9 Agw Wsk= 0.65 kI
mol' 2 Fguk-goln, JdEZ ] tﬂﬁk— 2.14 J mol' K'&
(positive value)?] ZHS 7}A]=1), o]AL DY 30] &4 9
o B3 St Dy 39| Fulo] 1Al U E 2l
Lol Zo0z "= HA TH AHo|A Q] &l S=of 23
JEZH7} Frlets Aoz Forenh21].

4.2E
YRS AH8elo] DY 3 ARE FHohE WL Yl
R
1) g4etol ©J3 DY 3] §

SRS Aol A BRe] ®
Hol H'&E @Yol wet Sol2/?l DY 30] 7kA| 1L
ol (O] Y7 Qo] 93] 7] et
o] %o pH 3904 i FZERI 78.5%F LEFH I
2) &gt dist DY 39] 229 Langmuir, Freundlich
Temkin SLEAAS A= 27 DY 39] HEL wEg
F2) chAE o] ReHoR o Ao we
Atk EF, Langmuir 419] ARy g2 RE S
ARgSte] atA o g DY 35 FRAIAY & dte AS

1S o 1, ofy >|E

2 X
oo A

|

gL AL ol SEAl0] fAb A SEANG Y

[

H—I
N
)
Hr
[e]
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