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Abstract

Batch adsorption studies including equilibrium, kinetics and thermodynamic parameters for the adsorption of new fuchsin dye using
granular activated carbon were investigated with varying the operating variables such as initial concentration, contact time and
temperature. Equilibrium adsorption data were fitted into Langmuir, Freundlich, Dubinin-Radushkevich and Temkin isotherms.
Adsorption equilibrium was mostly well described by Langmuir Isotherm. From the estimated separation factor of Langmuir (Rp
= 0.023), and Freundlich (1/n = 0.198), this process could be employed as an effective treatment for the adsorption of new fuchsin
dye. Also based on the adsorption energy (E = 0.002 kJ/mol) from Dubinin-Radushkevich isotherm and the adsorption heat constant
(B = 1.920 J/mol) from Temkin isotherm, this adsorption is physical adsorption. From kinetic experiments, the adsorption reaction
processes were confirmed following the pseudo second order model with good correlation. The intraparticle diffusion was a rate
controlling step. Thermodynamic parameters including changes of free energy, enthalpy, and entropy were also calculated to predict
the nature of adsorption. The change of enthalpy (92.49 kJ/mol) and activation energy (11.79 kJ/mol) indicated the endothermic
nature of adsorption processes. The change of entropy (313.7 J/mol K) showed an increasing disorder in the adsorption process.
The change of free energy found that the spontaneity of process increased with increasing the adsorption temperature.
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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 1,627
Density (at 25C) (g/mL) 0.48~0.55
Iodine adsorption value mg/g 1,080
Methylene blue adsorption value mL/g 185
Ash % <10
RS A7) 918 ofe] 7] elle A, A7, Ak A
o4 Ay a8 Fas xdhete B sl due] AAd

AR = QlTE ey A Sk - B e v AAE
o] 7] FAHES Fkeb ofds] FaletAl HlF Lol ol s
T Ak olel nlal FE2 HeRFE A AASR= JloiA TR
Qs Ve Tl E A v, 1 A, A8 2o w oY
=4 AA &3l ol 23} e FEAS AAEEHA FETHSIL
) AHEEE U FHAE SolA] GRS 71 7E, W
AT Z 2 8] 555 54 wZel AAle} 71A Pt 2F
oA 7Fg wol o] g=the]. webr i Aol DAdete] wig ¢
5 F3E 53oR

£ Aol AM-E new fuchsinS E]H LM EHA] F=A=
(magenta) FE=0|th A, A=, 715, Ol
A0 el e g Rk ofue} e,
2 A9 |4, 3 Aok T 72 AAA

tH7,8]. 284 new fuchsin®] AA] HEHS 25 w2
of A=& Ao = Sl AF Alelle Sl A=<
7, TE, A dlo] Ha, g, 7k v 1ejal 334
o] dlo] ¥rH10]. 282 & 75 ¥ A Al FEs nA|H,
FEY ARgelAl g

EdAwol S st wabA o =715
oA =4, vEald aEa

Y
Tlo

o
it
[ <

= o

o =2

LI ]
o
|
>
2 =@

ool

]

=4

_\l.uu }Ol’
=

oz [0 N2

4

o
O:

¢

=]

o
Zuevrl= T =

-
Hhel7ls/do] #1715 & new fuchsin
AR50 HYe & HAZ U Z9FQ1 AA e sle]
Q3 =T

Fuchsin §&0°l thst AyATE A9 B Bhole F12]> Hlol2
A~ FZHA| 2 aspergillus niger®] ARAE ARESle] =890 2 HE]
=73 pH oA 10 min ©]Well basic fuchsin®] 50% |77} 71&-5f
thal B8RSl Gupta 6{13]2 SUE #7]&2] bottom-ash$} 7]
FAHEQ o) FHH(deoiled soya)S SHEANR o]g3ste] fallst dgel

basic fuchsing F&8= 23S S3t] 50 C, pH 9°l4 24 27

(8 x 10° M)2] 83.75~89.0%, 94.25~98.0%% F& A|A53oH,
FXB 2 Langmuir Aol 2k ghow FA3H S FAOIR-S e

Aoz vehd & Sla, dostuebuleE ARt F
APLARQD FANES O R AT Stk Lan S{14]& 25T
o]-g-5}% basic fuchsing A|ATH= -2 FAFLAEE-0] ™, Fe(IIN)
o oz d7)ehd 22 °C, 400 W, 25 kHz, pH 6.5 2704 %7
F5E(10 pmol/L)2] 84.1%%F A& = lvkal s13lk Huang “5{15]
2 zizania latifolaZF-E] #| 23 E4wky} Fe(lDE 7HA 3 S48
ARESEY]  basic fuchsing  A|AS A, MAadrt 55k,
Langmuir 23} -FAFIXMESAof] & ghom ZpRAQl Sgnhg o2

ety s3Itk Zhang 511612 MgFe,042F 371 microwaves 1.5

of
i)
)

9l jols} wlahu|E]o] ek AT 633

NHMe

Me
O cr
(IO
NHMe+

Me

Me

MeHN

Figure 1. Molecular structure of new fuchsin dye.
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Table 2. Langmuir, Freundlich, Dubinin-Radushkevich and Temkin
Isotherm Constants for Adsorption of New Fuchsin Dye on Activated
Carbon

Temperature (K)

Isotherms Parameters
298
Qo (mg/g) 13.49
K. (L/mg) x 10* 1.048
Langmuirs
RL 0.023
r 0.999
Kr (mg/g) (L/mg)'™ 7.388
Freundlich 1/n 0.198
r 0.965
qo (mg/g) 1276.9
Kag (mol/T)? 0.111
Dubinin-Radushkevich
E (kJ/mol) 0.002
r 0.928
B (J/mol) 1.920
Temkin Kr (L/mg) 3.843
r 0.974
2.5
2.0
)
S 1.5
[0)
o
3 10
(@)
0.5
00 1 1 1 1 1
0 5 10 15 20 25 30

Ce (mg/L)

Figure 2. Langmuir isotherms for new fuchsin dye adsorption onto
activated carbon at different temperature.
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Figure 3. Freundlich isotherm for new fuchsin dye adsorption onto
activated carbon at different temperature.
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Figure 4. Dubinin-Radushkevich isotherm for new fuchsin dye
adsorption onto activated carbon at different temperature.
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Figure 5. Temkin isotherm for new fuchsin dye adsorption onto
activated carbon at different temperature.
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Table 3. Pseudo First Order and Pseudo Second Order Kinetic Model Parameters for Different Initial New Fuchsin Dye Concentration at 298 K

Initial oncentration Pseudo first order kinetic model Pseudo second order kinetic model
(me/L) q. (mgg) ki () ¢ q. (mgg) k: (g/mg h) e
30 4.128 0.154 0.9805 5.345 0.093 0.9999
40 5.728 0.148 0.9713 7.008 0.052 0.9994
50 7.427 0.149 0.9063 8.224 0.037 0.9980

Table 4. Pseudo Second Order Kinetic Model Parameters of New Fuchsin

Dye onto Activated Carbon for Different Temperature (Co = 40 mg/L)
Pseudo second order kinetic model g
Temperature P §
(K) eq“‘hbf‘”m Rate constant Correlation ©
capacity, k, (g/mg h) factor, r <
qe (mg/g) ’ ’ 5
298 7.008 0.064 0.9994
308 7.364 0.074 0.9998
00 1 1 1 1 1 1
318 7.485 0.087 0.9991 e 2z 4 6 &8 10 12

time (h)
Figure 7. Pseudo second order kinetics plots for new fuchsin dye
adsorption onto activated carbon at different initial concentration.
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Figure 6. Pseudo first order Kinetics plots for new fuchsin dye 0 1 2 3 4
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Figure 8. Intraparticl diffusion plots for adsorption of new fuchsin dye
9 5 QlSS d9ith olet fARE Ay R vl Qlt22,23]. onto activated carbon at different initial concentrations.
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ghof] ok New Fuchsin & 552+2]
Table S. Intraparticle Diffusion Parameters for New Fuchsin Dye
Adsorption onto Activated Carbon at Different Temperature (Co = 40

mg/L)

Initial concentration (mg/L)

Parameter
298 308 318
km 1.034 1.410 1.676
C 1.335 1.388 1.395
0.959 0.972 0.977

Table 6. Thermodynamic Parameters Calculated with the Pseudo
Second Order Rate Constant for New Fuchsin Dye Adsorption onto
Activated Carbon

Temperature (K)  Kd (k?/gol) (k?/rcr}lol) (J/nils K) (kf;?nol)
298 1.592 -1.152
308 4423 9249 -3.807 3137 11.79
318 16.73 -7.448

Table 7. Thermodynamic Parameters for Fuchsin Dyes Adsorption in
Previous Studies
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Figure 9. Pseudo second order Kinetics plots for new fuchsin dye
adsorption onto activated carbon at different temperature.
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Elol] T3k new fuchsin GH 9 FHFAo] TGS ok 4= 91O
], dEZY WH3lghE 3137 Jmol K2 A4 Ak thsh new
fuchsin 95.9] F1g}Ho] Fobr] TAAAANA F2ol] gt FAXE
7} SVt Al WERdTH2S].

o3| 714 F2AE AR5k fuchsinAl &
ol dode} sletnlE|E v|as] W Table 7oﬂ 1 HEo]
oA A4 vae oHA AU v
& Fol &3to] REge] FEEE YA or v

m, olsh fAb AP AW AFIHE Hop 5 m[l

[e5

24

2 =

[ —

4.

2 AToM= 9 SRS AFHESEO] new fuchsin FEE F23]

oo Fo3t FAe2MY FAFATS sMetal dofst gu|E
ol tiste] ARISITE 917 E7d kel thet new fuchsin ¥59] &

[e]
2P AAE Langmuir 2]0] SHEA KT} 7 2 wiokon] Bl
AR 7o) 0.023F F32Q Exxzt 7153 9o 0 < Ry < 19]
£31= 718 <4kt Dubinin-Radushkevich 2]l 2Jafl AlAkel &2ko]
UA|gk2 E = 0.002 kJ/mol, Temkin®] &2 #H# A<B)E 1.920
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JmolZ A &2 &2 4(E < 8 kl/mol, B < 20 J/mol)°ll 3jd3sl=
e A3

New fuchsin B8] FHEEAHE S FH27) wobdo=,
7 EETY SRS A
Zow vebth F2ael ek vgE5E2 g

of

>~

Z yeEhr) 3 S ARSSE new fuchsin 959 F2E7g 9]
a5 NS Al AAS A A ol Akl 7 WA

veh &5l A o ERidAYdS gstth dog shetrle
AL Z3l v e Wshak92.49 ki/mol)# EAI st gk
(11.79 kl/mo) S =458 F3a7go] Faits B Se5#d o= 2l
S Ltk T3 257 SEHETS Gibbs Aol AIglo] A
ke AEE 1ol Q1 el tidt new fuchsin A=0] FAREES
257F SHETE APRAo] oAl FOE RIS IERT]
31343137 J/mol K)= /3 383} new fuchsin F5.2] 1312 0]
Folx] THANN F2ol| &3 FAXNETL SIHsTHE Z1E Ko

Z9lck

o] =F-2 2013WE FFCIekL 1 A7H] 4] o8] o]l
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