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Freundlich 2ol 7}4 2 2] 85 9] o v, Langmuir 4] 2] &2 4|4 R, I} Freundhch A o] HelAl4 BEEE A4 Stk 9
3F murexide 2] S-2FzzFo] A A A @]l o] B 4= 9lth= AL ¢Fgkr}. =31 Dubinin- Radushkevich 2] of| A Q-2 & 2of| 1
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A|(E) 25 E] 2252240 o 4= QlQlth S22 A of i3t B9 3ka] 4L 3 Uk x4 o] 28 Au= 9oz}
Hk-g Alo] Satlpuke A BTt o x| w7 & A 0 2 LFERITE Gibbs 2301 4] HBH-0.1096 ~-10.5348 kJ mol™), ks
B 3H+151.29 kJ mol )& E3} gzk;ﬂo] A FA W S o2 AYPEJ S & 4= AT T3 Gibbs Aol
A Wshs 27t Sepdaes Aske 7] Wiol %‘” 2dete] 23t murexide 2] SAHE %% 2wt EEtd4E A4 o
Lozt AEZ 3| W3} (5124 mol! K')= 24 Eko] o] 3k murexide®] E2FiH-g-0] Qojubs ot -8 Aol A F2 A
=7} 57K YERih
ZFHOf : FE Aol =, BAgEL g2l g2k Y, S2bE st

Abstract : The equilibrium, kinetic and thermodynamic parameters of adsorption of murexide by granular activated carbon were
investigated. The experiment was carried out by batch experiment with the variables of the amount of the adsorbent, the initial
concentration of the dye, the contact time and the temperature. The isothermal adsorption equilibrium was best applied to the
Freundlich equation in the range of 293 ~ 313 K. From the separation factor (§) of Freundlich equation, it was found that
adsorption of murexide by granular activated carbon could be the appropriate treatment method. The adsorption energy (E)
obtained from the Dubinin- Radushkevich equation shows that the adsorption process is a physical adsorption process. From the
kinetic analysis of the adsorption process, pseudo second order model is more consistent than pseudo first order model. It was
found that the adsorption process proceeded to a spontaneous process and an endothermic process through Gibbs free energy
change (-0.1096 ~ -10.5348 kJ mol ™) and enthalpy change (+151.29 kJ mol™). In addition, since the Gibbs free energy change
decreased with increasing temperature, adsorption reaction of murexide by granular activated carbon increased spontaneously
with increasing temperature. The entropy change (147.62 J mol" K represented the increasing of randomness at the
solid-solution interface during the adsorption reaction of murexide by activated carbon.
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Table 1. Physical properties of granular activated carbon

Properties Unit Value
Average particle size mm 1.638
Specific surface area m’ g'1 1.578
Density (at 25 C) (gmL") | 0.48~0.55
Iodine adsorption value mg g’ 1,172
Methylene blue adsorption value mLg’ 192
ash % <10
Hardness >90 %

Table 2. Identification of murexide

Color | CAS
index | No.

NH _
)K/( f 284.19 | 56085 | J031-| soluble | 523
NH

Structure M. W. Soubility | Amax

09-0 |inNaOH | nm
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Figure 1. Langmuir Isotherms for murexide adsorption on activated

carbon at different temperatures.

Table 3. Langmuir, Freundlich, and Dubinin-Radushkevich isotherm
constants for adsorption of murexide on activated Carbon

Temperature (K)
Isotherms Parameters
293 | 303 | 313
Q. (mg g 76.63 | 94.34 | 94.89
. K. (L mg") 0.024 | 0.023 | 0.029
Langmuir
Re 0.194 | 0.197 | 0.159
P 0.992 | 0.982 | 0.981
Ke(mgg)(Lg" | 798 | 1226 | 13.54
Freundlich B 0.412 | 0.351 | 0.359
r 0.998 | 0.989 | 0.985
qo (mg g™) 67.42 | 7538 | 86.20
Dubinin- Ko x 10 (mol J'Y? | 3.40 | 232 | 2.08
Radushkevich E (kJ mol™) 0.037 | 0.046 | 0.049
r 0.929 | 0.915 | 0.958
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Figure 2. Freundlich Isotherms for murexide adsorption on activated
carbon at different temperatures.

3.1.2. Freundlich 5& Al
Freundlich= Thoyeh H2H47} 2524 7Hgata glov),

o A2 A,
log ¢, = log K+ (Blog C,

QAo Caz T2 P EE(mg L), g
B A mg g0l Kes F2A| 9] 283,
£ YElU&= Freundlich A4~o]t}. Figure 22} Table
ATAS r? ZHS ZFZE 0,998, 0.989, 0.9858 YAt 2
2]3t murexide @] F2FgA o] A5l AL 2 _/;
LA Keie F2A 9] 25l digt 1452*
= FE3E vt 227t F7H
1354 o= F7IsH3: %&5&91 @?‘é}*é
AGB) 20 ~ 1 HejolH S2h
Lreb e, 0.1 ~ 0.5 W 9jols F2to]
=
T

Bzl s stehn stk 4@ ey
o

2

= rlr

rIO ]Ilo{n

m&;‘i nEI?; ili o

iU xe o f oo Lo

o)

_|_.3:9>,

35
=]
e
FT

rﬂ;;ér&kﬂoﬁ
o

=
248

=]
2.26

#o]
<

mlo

J

\O

o0

= A

g
r{m
E
oﬂ
s
2
o
ol
ol

Ly
e
e

Eo 77t 0412, 0351, 03592 o}F F}7]
Fedt gejoll &3t 22 o 5 UeH1LL

N Ho o
ey
s

=TI I S
fo ng rlr &
D fe

2
<L
N

ol

Dubinin-Radushkevich 4]-& &-2bo| 1 X| o] B U=} 52+
Aol 71 BEAE 2257] A8 S8k of A8 B T2
oA} 1 oA =i FAA o] BelFaelA Bk
2HQIA] & = SleH12].
Ing, =1Ing — (Kppe®) (5)
ezRTln[Hi] (6)
C

e

714 = ol 2EsteHmg g'), K2 S22 | 2 1

o]
#+ FRASo U A (mol® T7), R 7] 448314 T mol K™,

Murexide 2] -2+ B3,

B2}yl Aofot sjetulelof] Bt A7 59

(0]
&)

® 293K
o 303K
v 313K

Je [mg/g]

ed |

| | |

0 500 1000 1500

2
€

|
2000 2500

Figure 3. Dubinin-Raudshkevich Isotherms for murexide adsorption
on activated carbon at different temperatures.
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Figure 4. Pseudo first order kinetics plots for murexide adsorption
on activated carbon at different initial concentrations and

293 K.
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Figure 5. Pseudo second order kinetics plots for murexide adsorption
on activated carbon at different initial concentrations and

293 K.
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Table 4. Kinetic parameters for murexide adsorption on activated
carbon at different initial concentration and 293 K

» Pseudo first order Pseudo second order
Initial . kinetic model kinetic model
concentli'flltlon @ K ; @ o ,
ML) g | | T mg e | @mg' 1|
100 29.57 10.34/0.933| 30.67 0.0053 [0.998
200 40.87 |0.2410.928| 54.05 0.0023 [0.975
300 5576 10.210.900| 70.72 0.0025 [0.917
A58 AT ATE Table 5ol LhERpSieh GRS
e g aeF %58 62 < 60.46 < 64.33 (mg g O 2, S-AFo] A}
HE-g-o] 3 T3} 75.02 < 78.00 < 84.82 (mg g2 &

olN 0101{

IS Sl 8 AT 23
~ 0. 9720] /\]-0] AFHES-2- 0.994 ~0.998
FAOI RS
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Figure 4. Pseudo first order kinetics plots for murexide adsorption
on activated carbon at different initial temperatures and
Co=100mgL".
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Figure 7. Pseudo second order kinetics plots for murexide adsorption
on activated carbon at different initial temperatures and
Co=100mgL".
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Table 5. Kinetic parameters for murexide adsorption on activated
carbon at different temperature and C, = 100 mg L'

. Pseudo first order Pseudo second order
Initial kinetic model kinetic model
concentration n "
(mg L") e : r e “PENER 3
(mggh)| (h) (mgg))|(gmg’ h')
100 58.62 [0.260.972| 75.02 | 0.0022 [0.998
200 60.46 |0.25]0.967| 78.00 | 0.0022 [0.997
300 64.33 10.2410.972| 84.82 | 0.0021 [0.994
3.3. st sl A
FAFANA Aooty wetnlg S 1 FRTRY APy
A& B7Isto] AAIE Q] S BA%E Tt AEZ A
G5, F2 dguHsiaH) ¥ AEZT] H3KAS) Ao
YA WSHAG)? & whetule o] ALgEIT12]). Xy
o] dERye} gy thad} &2 Van't Hoff 4] S 2 HF
B7hekelet
_AS AH1

A7|A Ko ThS o8 FHEE &5 Tol| A2 HujA4

oJt}.
%
Ao AHshs o Aoz 8 4 gl
AG=—RTInK, (13)

2 SRS YA 01»%}0:] Equation (11) ~ (13)
o2 RE St dYot4 uebu|E ghE2 Table 60 Fs}
o] etk Ky 3 1.046, 1.642, 572992 =7} Z718k-2
F7tete AS

o 4= 9197, oleky] WSk 15129 kI mol’
u@ 9AF ek o8t murexide ‘ﬁE—J
FASS Favtgolr, dERy Wl E3F 5124 J mol

of A=l YUY T BAFo| §o FOom YHPO

o= vyt

Table 6. Thermodynamic parameters for murexide adsorption on
activated carbon

Temperature Ky AH ; AG ; A§ ;
(K) (kJmol™) | (kJmol) | Jmol K")
293 1.046 -0.1096
303 1.642 151.29 -1.2493 512.40
313 57.299 -10.5348

[15]. Gibbs AHFoll A Woh= 2 2o A -ghoz ek
A APEA Q] g0l A U 5 AL 22T SRS
2 .0.1096, -1.2493, -10.5348 kJ mol' & 7}238}917] wjiLo]
ApakAo] B EolAls Ao E wehEich dutdos &
21 52ke] Aol Al Wak= -20 ~ 0 kI mol o] 1L 335 2¢]
G- 2] W3H= 400 ~ -80 k) mol' & LA glid), &
Aol F2E4-E Gibbs AHtollu 2] ME7} 20 ~ 0 kJ mol”
9] el ez ZegAer APHcks AL & 5
AcH16].
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o5t ol doial wetule g Arsladrh. SeELHEA
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2 EgA4(1/n) = ZH2F 0412, 0.351, 0.359= ofF
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Dubinin-Radushkevich 4] © 2 2 & &% 293, 303, 313 Koj| 4]
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K mol'ol] Sigel7]ol BelgaEEe Qatth ST
dhat sk 42 Fol vesmale] A8 AT Aol
Rpkg-Alo] fAfol RS Aol wla) YA = & Ao 1t
Ehteh Aol AL S
745 Qlgru] Wa}gk(151.29 kI mol ') o 21 E]
BUES S48 7 199 ke, =
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A TAASH 57 B Ae
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