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Abstract — Isotherms, kinetics and thermodynamic properties for adsorption of acid fuchsin (AF) dye by activated carbon
were carried out using variables such as dose of adsorbent, pH, initial concentration and contact time and temperature.
The effect of pH on adsorption of AF showed a bathtub with high adsorption percentage in acidic (<pH 5) and basic
(>pH 8). Isothermal adsorption data were fitted to the Freundlich, Langmuir, and Dubinin-Radushkevich isotherm models.
Freundlich isothem model showed the highest agreement and confirmed that the adsorption mechanism was multilayer
adsorption. It was found that adsorption capacity increased with increasing temperature. Freundlich’s separation factor
showed that this adsorption process was an favorable treatment process. Estimated adsorption energy by Dubinin-Radushkevich
isotherm model indicated that the adsorption of AF by activated carbon is a physical adsorption. Adsorption kinetics was found to
follow the pseudo-second-order kinetic model. Surface diffusion at adsorption site was evaluated as a rate controlling step
by the intraparticle diffusion model. Thermodynamic parameters such as activation energy, Gibbs free energy, enthalpy
entropy and isosteric heat of adsorption were investigated. The activation energy and enthalpy change of the adsorption
process were 21.19 kJ / mol and 23.05 kJ / mol, respectively. Gibbs free energy was found that the adsorption reaction became
more spontaneously with increasing temperature. Positive entropy was indicated that this process was irreversible. The
isosteric heat of adsorption was indicated physical adsorption in nature.
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AF+= Sigma-Adirich AF9] GR 3 A|9FC.Z Table 10| 7-%2} &
78S Rt S AR Table 291 22 B4S 7H 8 249
(GAC, DY Carbon)2 70 °CY] S+ 24A17F A8t AR5l
thelsk FA] /8. AFS] -5 5+ UV-visible spectrophotometer
(Shimadzu, UV-2600P)E A}-&-3}0] 542 nmol| A 9] 4% S4 %S
AFgstel #1850

=293
ARg3Eo] AFS] B AlTEgh A pH 2.50014 0.11 g FEA= P Drgute] el thet F3ES A floto] 27w
27155 200 mg/Le 93.2%%5 AASIS T & HE L Freundlich 100 mg/L2) AF € 100 mLol| thale] x| BAa-S Ax7)+= 4
Tellof] 2 gkom, A8k AR xR el 2 He)8l3 FOF 25~200 mg oI thEA H7IeE 5 247 ok feel
3 &Rtz Fate] B S&uiAlElkar Sisith doiEhy 2, g2 6&%{% 1(Jeio Tek BS-21)°l14 298 K, 100 rpm %
SR ZRE AR Rl Wednke-9)e dobyllth, Lai s[61> A4t A0 24A13F T3 FAA 3 7 s E Sk S
© 2 7} 3t hierarcical porous carbon (HPCA)S AHE-3F AFS] & FRlES A3t pHE S22 ES AF 100 mg/L £-9Y 100 mLE
22 5520 2 X Langmuir 22} ARSI 2] o) pH 3~110114] 585 ARE-610] g pHE AlZ3I3iH o=
2 gkokeh, AUl AL 191.57 mg/gC. & /MASHA] ks we)
120.92 mg/g Rt} IArE vk WSS Gong 5 [71> CMC/ Table 1. Physical properties of activated carbon
Bentonite &3+ 2 o] &3}o] AFQ FTREA]S XA AT Properties Unit Value
Langmuir 2]¢]] 2 2ko 1 Z o] &2keke- 298 KollA] 253.2 mg/g 01911 Average particle size mm 1.638
GARO| LS 21 Alo] A Ekshn wreule-o 7 FlalEitha Shou). Sp.eciﬁc surface area m23/g 1,735
AKbarnejad 5[8]-> magnetic chltosan/A1203/Fe3O4 U B3 E Micropores volume cm3/g 040
AFE310] AFS H2bet A7), SR8 S22 L angmuir 217 Macropores voll.lme cm’/g 0.02
Average pore size nm 1.63
FAFO] 2 HES-4 = 2 of] 1315} Weber and Morris &2 ¥} Boyd Density (at 25 °C) (@/ml) 051
plots Z-&sto] AEatz) QA Site] B 597 S & Todine adsorption value mg/g 1,000
Q15T Methylene blue adsorption value mL/g 180
Ty vere] A7 o] R R Fel e Etshal F3s o] Hol ash % <10
AR FAARD S ARgste] F3 T2, s A A Hardness % 90 Min.
Table 2. Structure and characteristics of aniline blue
Structure Chemical formular M.W. (g/mol) Anay (M) Color index
CyH;7N35Na,06S4 585.54 542 42685
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Fig. 1. Effect of carbon dose for AF adsorption.
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Fig. 2. Effect of pH for AF adsorption on activated carbon.
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Fig. 3. Freundlich isotherms for adsorption of AF by activated carbon.
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Table 3. Isotherm model parameters for adsorption of AF by activated carbon

5733l gt a4 461

Isotherms Parameters Temperature (K)
303 313 323
K, 5537 6226 75.90
Freundlich I/n 0319 0381 0379
P 0.9477 0.9695 0.9772
Q, (mg/g) 116.16 130.10 150.66
, K, (L/mg) 0.839 0.944 0.890
Langmuir
R, 0.164 0.063 0.489
P 0.8048 0.9267 0.9837
Wb 101.99 109.38 121.29
. ) K pp (mol/kJ?) 2.798 1.800 1.043
Dubinin-Radushkevich E (kJ/mol) 1337 1.667 2.190
P 09131 0.9558 0.9436
A 1.568 1313 1319
Harkins-Jura By 5.468 4.711 4.960
P 0.8981 0.9401 0.9546
A=E JERN™ Freunldich 2el 283t 7= Fig. 300 YRS 0020
t}. Table 32 & ArollA] 283 4714 S-2-52H2] o] vt ueh] 0.018
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Fig. 4. Langmuir isotherms for adsorption of AF by activated carbon.
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Fig. 8. Pseudo second order Kinetic model plots for adsorption of
AF by activated carbon at different initial concentrations.
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Table 4. Pseudo first order and pseudo second order kinetic model parameters for adsorption of AF by activated carbon at different initial concentrations

Pseudo first order kinetic model

Pseudo second order kinetic model

Initial concentration Qe exp
(mg/L) (mg/g) Qe ca (M) ki (h) r Qe ca (M) k10" (g/mgh) r
100 49.95 39.66 0.104 0.9267 55.34 0.106 0.9966
200 99.11 70.16 0.044 0.9885 94.39 0.034 0.9915
300 148.00 100.56 0.028 0.9903 117.38 0.024 0.9895

B AR FEHE-9] s ALl RkgS A o] A9
dlolE1E UeRf7 ol AL A kS-S A 1) o A 3siths AS
o4 5 AN FAPIAES S AL O] S A -E A Al
g19] Ao Agdlole o} & wkow | fAks A A7} Wol 9l
t}H15,16]

3-4-2. QIAR g
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Table 5. Intraparticle diffusion parameters for adsorption of AF by
activated carbon at different initial concentrations

Initial concentration (mg/L)

Parameter
100 200 300
K, (mg/g-h%) 0.259 1.470 5.602
C 23.70 4430 55.81
12 0.905 0.876 0.906
60 :
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|
.l e
|
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g 30t ° |
= |
20 !
} e 100 mg/L
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Fig. 9. Intraparticle diffusion model plots for adsorption of AF by
activated carbon at different concentrations.
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Fig. 10. Pseudo second order kinetic model plots for adsorption of
AF by activated carbon at different temperatures.
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Table 6. pseudo second order kinetic model parameters for adsorption of AF by activated carbon at different temperatures

Pseudo second order kinetic model

Temperature Qe erp
&) (mg/g) Geca (/) ko (gmgh) r
298 49.06 51.34 0.0109 0.9966
308 5235 55.87 0.0142 0.9988
318 55.44 59.25 0.0221 0.9965
Table 7. Thermodynamic Parameters for aniline blue adsorption on activated carbon at different Temperature
Temperature (K) E, (kJ/mol) AH (kJ/mol) AG (kJ/mol) AS (J/mol K)
298 -5.59
308 21.19 23.05 -8.61 105.68
318 -9.13
TYUAR= 20.19 kl/mol= Bl 2he- HolojA] Atfja oz o] & 70
ko] Yofupr]7} Uk 21& HAHICHS].
60 -
3-5-3. 4ofsH4] 5494 =
Gibbs AHT-UAHSHAG), AZIHSHAH) Bl AEZ ] 3} E 50 -
(AS)%} 2 A8 EAAE2 42 A9 4ol HE T2 <
eaE FAFYE ALY, FAY, B EH 52 W T 40r
st ARg-EL), b
30 -
AG = -RTInK, (13)
qe 20 | | |
Ky = C. 14 60 80 100 120 140
ok, = AS AHD 5) d, (mg/g)
R R T Fig. 11. Plot of isosteric heat of adsorption against surface loading
for adsorption of AF by activated carbon.
714 K= EolAIFolt). Table 70 Aojehs] S #Es &
ghao] LERAL) S2mk29] oleky] sk 23.05 kl/mol® AFC] AR FHAE S0 BAske HAskE % 7124l
ERTA L ToukeolS slolalair}. QlE =y W= 105.68 )/ LA st 3 249 & Oﬂﬁﬁ XA FollA] 4]
mol K& 2] F(positive valueys Z-=thes 212 o] F7o] H]7}e] = e 5 Bl Aes 97k 5 ) el 38
0 ARG S skl oFF Fa8 §uE sk ool 4

2 FAoleh= A& Rt 0] 712 E/dete) tigh AF 9xe

s}Ho] £ o] ojub= Fet Rt g E ] JH Ei
Aol &8 07 WEEHA I-8 AeA] FAAIARL] £
57} Z7ksk= Zlo] vigde Ay FAETH19]. B Aol
Gibbs AF-ollA] 3= -8.39~10.50 kl/molZ AF2] &2Mk-g-0]

E2]52HAG =-20~0 kJ/mol) ©]2h= A& YehfFL) o] Ayl=
Freundlich®} Dubinin-Radushkevich T2EEA AN A2 AIst
U]}, 18] 31 S Fh(negative value)2] Gibbs Aol A] W3l=
w2AH o7 o] %Zm]’*‘ol ApdAolgl= Z1& vepdch. F2R2 50t

Zola2 Gibbs Al A W37} -8.39 > -9.61 >-10.50 kl/mol &

57_:5;

B fo] AT AT ebdch e Bt get s 5
2H12-0] zpdkAo] AZITE= 2L o 4= Q)qith.

Q9] FHo] FAUUL
Table 8. Isosteric Heat of Adsorption for Adsorpion of AF by Activated
carbon
Temperature (K) q, (kJ/mol) AH, (kJ/mol) 2
298 75 34.4 0.984
308 100 34.8 0.999
318 125 60.4 0.987
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Stk THEAYE 7S th29] Clausius-Clapeyron 2] & & -3t 4=
St

dinC, AH

> (16)

298~318 Kol A&y
A e Jéf%‘
(g2 75, 100, 125 mg/gell thal él (16)=2HE ¢t
(AH )= 27} 34.4, 34.8, 60.4 kJ/mol ©]{T}. SoF2k2
242 749 AH, < 80 kl/mol 18] E-Jgte]] 2J3t AFS] S22
kl/molZ E2]&2elS g1st 4= 9IStk HHFF2TF vs
A& EAI Fig. 115 BH 72717} g¥sk=t), o3
W] oA 7} Erdste] FEASL F2 Ato] 1 *o
U= Zlo)n, FakE 4 Aol F3
o], EHolgtg s W Fol¢ olF T
(lateral interaction)°] 7] wlZol2kal FeetH20].

T

sl PP
]

b‘ z]—

o
Z‘:}L_ﬁ

13

Aol = BdE ARSIl AF AR



Egeto]] 23t acid fuchsin

_g_ilia_’:lj 3F 1l oJoIsrA] J_E_)\é ;2] S

ol thstol 2T,
pH91 QJare A1 §1714el

SEERE )
$]3ll Freundlich, Langmuir, Temkin, Dubmm-RadushkeVlch, Elovich,
Harkins-Jura 5-22]-& A3t Freundlichd]o] 71 & 43|
55 YER 2™, Freundlich 2)¥} Harkins-Jura 2] 2] QX =2 5E]
=598 22l akAt) Freundlich 29 7Y ¥ (n=3.137~
2.639)ZH-E] o] F2w ol EelFH U, AT (1/n=0.319~
0381)0.% B ZIA A7} stk AE dekeh =,
Dubinin-Radushkevich 2] 2] &2}el142](E=0.931~0.938 kl/mol)=
£ 2] 2H(E<8 kl/moh)Y = UERATE. FE 84 A d = fAk o]
Ap REg-E 2 o] FARIA} HEES A B} DA =7F 3201 ARk
T ALIEE] @AFE o Zgpeh 283 A ghkag o] 83t
TAIEE T e] 7127 7h S AR FAte] 5 A e &l
sigint. 243t o|A= 21 19 kJ/mol H] 14} s=g8HA| vhg-o]

oft 4= Ale-g vrERL, leks] W3k(23.05 ki/mol)e= &3]
FANSUS HAFTh OJEEJJ W 5}4(105.68 J/mol K)S A

elo]] i3t AF 220 M35} 211 T2to] A= o) ujg} S|
2810 FAX 7 S7Fe UEFIAL Gibbs AT olUA] WSk
E57b S7Eekell ek AR wiel 227t SebdE FE
ol AP el B AAE As Eleith TR AL 344~
60.4 kI/molZ & &) sdE 3 om, E2A HE ] o7}
ﬁmo}oq ’le—xﬂﬂ_ Fz]—?d ].o] ]Mtq /\]—_9_ %o] O]Q-]Lh;].
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