Clean Technol., Vol. 27, No. 3, September 2021, pp. 261-268

KSER ZAIEI0) OJ3t Acid Black 1 BRO| SA0 U0IM TH, S, U FosHY S

eSSy

=9 3Fst sfstg R
31080 S HE HMA] AET AT =2 1223-24

(20219 89 3% 4 20219 89 16 SR 4% 20219 89 199 A=)
Characteristics of Equilibrium, Kinetics, and Thermodynamics for Adsorption of
Acid Black 1 Dye by Coal-based Activated Carbon

Jong-Jib Lee™

Department of Chemical Engineering, Kongju National University,
1223-24 Cheonan-daero, Seobuk-gu, Cheonan-si, Chungcheongnam-do 31080, Korea

(Received for review August 3, 2021; Revision received August 16, 2021; Accepted August 19, 2021)

-

2 9
M A4 BATHCGACS] I3k acid black 1 (ABI) A22] B9, 523 9 AAo}2] B4 2715 %, A% AZh L5 3
pH & S2uI45 Sto] ZASIGITh B Aetol Ofat AB19] S3H918-2 AFo] A= FAIEHe] ERI(H) 7 ABIo] 73 9l
sulfitc fon (SO5), nitrite ion (NO,) AFo]©] 47714 Ql2io] OJs QoIxtiL, 1 F2HE-L pH 3014 97.7%Sh. ABI®] 5-&
dlo] 1= Freundlich 52410 74 2 9oko.m, A4bel BelAl%(1n) gho.3e] FAeo] ole AB19] F2o] R3]
Helapgol @ 4 98-S okh. Temkin 419] F2Y e gse] g Be) F2 (<20 mol )P LrehgIeh. 58t 4
93} 3-8.9] 9,739 o] ol A]
U515t A Shito] B2 ol A S 24 AT A oL Ao} A Wskgo R R E FHNIgo] B F
2o 2 AP FLUNS AL SASITh AE 23 WSHe TS EWo) A ABI| F2o] ojuh Fot 3.0} Awo] A
et 3] ofof AER 7} F715He AOR ebiith, Afolul A Weke LE37ket G FEEY Aol o A
A A e,

ZHIOf: A8 F2, Acid black 1, 5252, FHE Y, QoS

—~

ok
2
2
rlr
Jo
)
[\ )
X
]
e,
o,
o
R
_>|~l_5
]
e,
T
O,
fink
ne
=)
ox,
o,
30
39
o
)
1
o
i,
o,
o |
-0, ok
N
o
rlo

Ie)
Ie]

Abstract : Equilibrium, kinetics, and thermodynamics of adsorption of acid black 1 (AB1) by coal-based granular activated
carbon (CGAC) were investigated with the adsorption variables of initial concentration of dye, contact time, temperature, and pH.
The adsorption reaction of AB1 by activated carbon was caused by electrostatic attraction between the surface (H+) of activated
carbon and the sulfite ions (SOs") and nitrite ions (NO») possessed by AB1, and the degree of reaction was highest at pH 3
(97.7%). The isothermal data of AB1 were best fitted with Freundlich isotherm model. From the calculated separation factor (1/n)
of Freundlich, it was confirmed that adsorption of AB1 by activated carbon could be very effective. The heat of adsorption in the
Temkin model suggested a physical adsorption process (< 20 J mol™"). The kinetic experiment favored the pseudo second order
model, and the equilibrium adsorption amount estimated from the model agreed to that given by the experiments (error <9.73% ).
Intraparticle diffusion was a rate controlling step in this adsorption process. From the activation energy and enthalpy change, it
was confirmed that the adsorption reaction is an endothermic reaction proceeding with physical adsorption. The entropy change
was positive because of an active reaction at the solid-liquid interface during adsorption of AB1 on the activated carbon surface.
The free energy change indicated that the spontaneity of the adsorption reaction increased as the temperature increased.

Keywords : Dye adsorption, Acid black 1, Adsorption equilibrium, Kinetic, Thermodynamic

* To whom correspondence should be addressed.
E-mail: jjlee@kongju.ac.kr; Tel: +82-41-521-9357; Fax: +82-41-554-2640

doi: 10.7464/ksct.2021.27.3.261 pISSN 1598-9712 elSSN 2288-0690
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

261



262 14

.M 2
HAAA A& BAFS] 50% o132 A= ofF(azo) HE
© T LFE 72 7L 7] digel Aol wiEE
S 2 EoEA etk 94 Fige A 1 7] Wil
B 7S o, 8880 L3S wrefsith E35t oIt
A sz faldT EAL 7HAL 92 & = Qlrh 22

ObA A AFd o] HrEy °L77ﬂ HiEEE 4729 FFE 0
q U] w=hA Ao fEH7
Xilﬂo = Zlo] W93}ttt Acid Black 1
(ABE B2419] 414 azo ARE HSARIIN F2 F,
‘IC')FL}_ X]‘:'_,] Oﬂ/lﬂoﬂ Eﬂ-o] /\]—_Q_H o] th
ROl M ALSE|T Sick. WHe} 557
gk XP—QLCW UL G717 FAlole AT sEaEHlof
HILE = BHAA YA AlES(compensatory reticulocytosis)
Qorlt gajg BUoIt. A4 el Ak PsAS
o]7] #IsiA dmulo] B AHHE Fohll= A
19 Fa% Lol
AA7HA] o]0l ABI P& A A0 digt AFATFS Ay
H Sankar 52> BAR T8 A2 TS AHESH] ABI
%fj—h:iﬂ— B718HH. pH 3.5 ostollA YA=2717} A=
5 F&o] & APEJoH, FAFHS Aol Hvt
2kl EJ-OP%‘:}B] Sun 52 HAHAE E2HA|= ARSI
o] Acid Black 1°] gt S2ta35 Hretol=l, 234 pHe
s-eol900], 271557 F71Ees FAant Srhslee
o 78S GOl T HlofEl Freundiich 5-241o]
o AESIE, BeeboR §4h 27 g4I o 4 gronl, §
Hopge Aparel FUSol B skLh4]. Hoseinzadeh
ol golo] zztoR RE| Az UL ALgalo] ABI

flo i o

o

1o

9 J

O
[S)

5
< T3 A3, S0l AAES AEAZ A T SU6HRL
W SAEEPT &5 H|o]E&= Langmuir A7} Pseudo second

kinetic model°] © Z&slttal 3G THS]. Peng 52 YE Yo}
Aol oJsf A4 AE71E k= M2 F2E ST
Eh4 CMK-3 9 $4 CMK-32 ABIYG®E F&Ho] #23ch A
& HolEl: Freundiich 27} Wgk Pelo] YCH, SA
27 BEe 9% Holesh YASR 1L Heltky sjsicHe)
Fang 52 1145 slo|=E22 F2A|(CHAYE AH83H AB19]
S% W 133 AL B9, S| slo|=2 Azt Ane] 2

q =3 BRIk "JE 2-g-9] 23] 7] ol

2o Bo ol Mol Wrke} &

A2 HY o 1‘51

oﬂ ZF U]—O]—OU:] _E_i Jer% (o] 0/\]- 2 ;q. o] o];q.LH _o}ﬂ.
Rdg o], slol=R A yro] g7 2} glo] BX
Y S Aok sholch A% 2Y Aol F2
2 W= Eol7t 2713t wet Zvkek 33§l E7
whe} Zagek SeHTI.
olg} o] efzte] AT} o] 2ol HAT ok H7tA FHAR
S5 2 BT /M 48 HuHA
LY BAAZ AGT ABLS] T gt AFE Tet
A o] Fof XA st . & AFol|M= FF AA d4d
FYBHCGAC)] I3t ABIS] F237 A Bas A4zg
U BHOR ABIC| Fo| Tjgt pH FFS ZAel] AR
5719 R S ALK GROM, 5LTH U
g Se8a 0 2gsto] Yokl RelAsg Wrtstol
9] AEAS Wheig, 2 SASEA
A ST G4 27 SEAl] M gdtol BHE
of Hge g Lohiln, YA S B T
o) SEAMAS mots] wokeh 12w LxE F24
ZReRE 78 B43} oA % AL, AERT, 4§

OﬂLW Mo 5oz Y FHEHS s Rug stk

“13

o

ol )
8

o

=

Ol

tol

o

1o

ek
i, \1ﬂ1
g
fr

i

f
By
2

2|

i

JINI :lO
EY

59

Z

OI:I o
oL, )

2.4 8
21. A TR

A2 EL Sigma-Aldrich AF9] A& A2 ¢lo] 1000 mg

Lol segole ZAHN Aol naksle] 53 R vjsl
o Sj5te] ARG T 4L Table 17} 2o} Gz 5
T = UV-Visible & "\‘ﬂ%%ﬂ(Shlmadzu UV-1800)E Alg5}o]
615 nm oA TFLEE 243 TAA = (F)SUEA0)A
A z3 AetA] QJAF FAEHCGAC, lg-?owﬂ 1.638 mm, H|3E
WA 1,638 m* g)S ARESIGITE HEOA AE HIEHE/A]
>37] B3 =%ZA|(BELSORP-mini 11, BEL, Japan)& 243t

AlBE2Z23et SEM ARIE 7 Uedlor, HaAs37

37 i) vAge] F2 FEd T2 7T UIATHE]

ES
mLE Jah‘L%Oﬂ g, %‘rv&" < AR8SHe] pHE 3 ~ 112 o
& o2, €445 200 mgs Y1l 2% 7](Jeio Tech, BS-21)
oA 298 K, 100 rppm?] ZACZ 10 h TRt SHA|HT} S5
BAAPL 2755 10 mg L' AB1 8% 100 mLoj| 4
tHS 10 mg ~ 300 mg HLoA 22 24 H7het A F2

Oll
Rl

ot °

Table 1. Identification of Acid blak 1
Structure

Chemical formular

CAS No.

L g
H.
E NHz O "N
”
NaO3$ SO3Na

CnH14NOoS,

616.49 20470 1064-48-8




HetA o] o3t Acid Black | 92 F3] 914 BF, 53 L A43H 54 263

120

100 1 m

80

T

60

40

T

Adsorption (%)

20

T

0 I I I I
2 4 6 8 10 12

pH

Figure 1. Effect of pH for adsorption of AB1 dye by CGAC.
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Figure 2. Freundlich isotherms for adsorption of AB1 by CGAC.

Table 2. Isotherm model constants for adsorption of ABI by

CGAC
Temperature (K)
Isotherm model  Parameters
298 308 318
Kr 1.74 2.43 3.12
Freundlich 1/n 0.717 0.710 0.697
r 0.9983  0.9985  0.9975
Q, (mg g’l) 12.24 12.25 13.30
) K (L mg’l) 0.1640 0.2691 0.3451
Langmuir
R 0.379 0.271 0.225
1 0.9976 0.9933 09918
B{d mol'l) 2.728 3.223 3.565
Temkin KT (L mg‘l) 1.672 2.241 2.869

r 09745 09587  0.9592
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Figure 3. Lagmuir isotherms for adsorption of AB1 by CGAC AB1
by CGAC.
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Figure 4. Temkin isotherm of ABI by CGAC at different
temperature.
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Figure 5. Pseudo first order kinetics plots for adsorption of AB1 by
CGAC at different initial concentrations and 298 K.
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Figure 6. Pseudo second order kinetics plots for adsorption of AB1
by CGAC at different initial concentrations and 298 K.
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Figure 8. Pseudo second order kinetics plots for adsorption ofAB1
by CGAC at different temperature and 40 mg L.
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Table 3. Pseudo first order and pseudo second order kinetic model parameters for adsorption of AB1 by CGAC at various concentration

Kinetic

Initial concentration (mg L)

Parameter
model 10 20 30

Ge. oxp (Mg g") 2.161 4.411 6.667

Qe cal (Mg g™ 1.154 1.394 1.410

Pseudo error (%) 46.57 68.340 78.85
first order ki (h) 0.075 0.081 0.088
r 0.9834 0.9977 0.9948

Qo cal (Mg g™ 2371 4733 6.906

Pseudo error (%) 9.73 7.28 3.59
second order ks (h) 0.294 0.225 0.261
r 0.9976 0.9982 0.9993
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Table 4. Pseudo first order and pseudo second order kinetic model
parameters for adsorption of AB1 by CGAC at avarious

Temperature
Kinetic Temperature (K)
Parameter
model 298 308 318

Qe ep(mggh) 4411 4689  4.825

Qe aw(mgg’) 1394 1380  1.406

Pseudo error (%) 7722 7858  79.19
first order k; (h) 0.081 0082  0.089
r 0.9977 09977  0.9934

QG a(mggh) 4733 4990  5.097

Pseudo error (%) 7.28 6.42 5.63
second order ks (h) 0225 0241 0319
e 0.9982  0.9987  0.9996
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0.9977) < GA} o]} £EA](0.9982 ~ 0.9996)& FA} 0|2} &
A9 dA=T H Eqtom, BRTAE AE(Qe o)l
3 0AEE ALY Holth T A3 {AF ofAF £ (5.63 ~
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Figure 9. Intraparticle diffusion plots for adsorption of AB1 by
CGAC.

T}, 23} Zo] AB19] S3HAIE 298 K, 308 K, 318 KofA]
L5 718717} b2 2709 A0 R YERyTE o] A stage I
AAZ A AR 2 ADT stage 2: YA W BAHE HA 2]
Aoz FERTE Al 204 stage 13} stage 29] 249] 7]
2719] dgdots YA SAEEAASE Y| EH stage 1
L 1.044 ~ 1.1380] 11, stage 2= 0.534 ~ 0.8470]c}. 2 49] 7]
=717V Ao ARbg SRR SUHSETE ek kA
stage 2 7ol SfFol= AR Aol SEAMTAAS &
T AATH16,20]. EZF stage 17} stage 2004 JARH SAEE
Are 27t SHESE AXA, SASETE Wb A S2
Bgo| ot AA| THEAIIE FolAls AoE wEgl
t} C h2 227} A53ol| what stage 1914 1.043 < 1.048 <
1.138, stage 20141 2.531 < 2.989 < 3.657 &0.2 Z7}s9ict.
webA 227t SEHd4E SRRSO digt BASY FF=
A= S DoUth SAl0l C 39 37171 Stage 2 > stage
1 0|9 7] ol S=XiAQI stage20]] et BASS] FTF
o] stage 1&th o & A& ERIsHATH20].

AAHQ FHFA ol Bt spetulelel Bys oy
A(E), AR AMBHAG), AT HBHAH) R A3 ¥
SHASY BATAY AL, FAE, Be ol 52
Brlste A% AAWS7E B 5 Ak Amheniust £4F o]
A SEAS S AHgTtel B olUXE ot thewt 2

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

Stage 1 Stage 2
Temperature (K) kf‘l‘ g c ) kf‘l‘ g c 2
(mgg™ t~) (mgg™ t~)
298 1.044 2.236 0.982 0.847 2.531 0.998
308 1.048 2.519 0.993 0.760 2.989 0.996
318 1.138 2.746 0.995 0.534 3.657 0.982
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Table é. Thermodynamic parameters for adsorption of DY 3 dye by activated carbon at different temperatures

Temperature (K) Kd Ea 1 AG_] AH 1 A.? 1
(kJ mol™) (kJ mol™) (kJ mol™) (Jmol” K™)
298 2.010 -1.730
308 4.009 13.70 -3.555 50.76 176.2
318 7.287 -5.251
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SO AERNS} gy W AfodAls dojAl=

BHARK, = q/C)E ol 8ste] Tk,
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