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U4 EAEHGAC)O et Acid Fuchsin (AF)S] &2 AR9] 275, F5 A)7h 22 U pH & SH4E Adsto] &
2523 A, 495 geta| o dis] AL P t}. pH HS}A g o] A &gt thet AFQ] F2H2 pH 33 1104 &
T &2o] S7lohs &39S UElth AFS] &3 } = Freundlich 5-24] o] & Bk o w, ALtE £ A 4=(1/n) gL
E2RE o] AFE AH 02 AAT 5= Utk A2 Goth FAFH2 FAF o)A HEGE R A o] QAR 7.88% O] E
Zh gkt Weberet Morris 2@ 9] Polto]] w2 & @A 9] 2402 FEE| QLY. stage 2 (‘?JXHH g4ihe] 718717} stage 1
(BAE F4hHY] 7]1€7] Kt Zoba] b Bk 7t Lo} whaka] AF W Eh4to] A ik AIQl A FRIstiT. AF
9] &3} of| 4 2](13.00 kJ mol )= B F2-F (5 ~ 40 kI mol)ol s FstSict. EAdeto] ot AF 2] Ahfofu]x] ws)
£ 298 ~ 318 KOJlA| 5 9] =25 Yeton, 257} 37185 Ape/do| o Eobth AF &2k SHYH-S(AH=
22.65 kI mol™) 0.2 YebT}.

ZH|0] : Acid fuchsin, ¥ 8 &%, 5252, §2-525), 495t

Abstract : The adsorption of Acid Fuchsin (AF) on granular activated carbon (GAC) was investigated for isothermal adsorption
and kinetics and thermodynamic parameters by experimenting with the initial concentration, contact time, temperature, and pH of
the dye as adsorption parameters. In the pH effect experiment, the adsorption of AF on activated carbon showed a bathtub type
with increased adsorption at pH 3 and 11. The adsorption equilibrium data of AF fit well with the Freundlich isotherm model,
and the calculated separation factor (1/n) value was found in which activated carbon can effectively remove AF. The
pseudo-second-order kinetic model fits well within 7.88% of the error percent in the adsorption process. According to Weber and
Morris’s model plot, it was divided into two straight lines. The intraparticle diffusion rate was slow because the stage 2
(intraparticle diffusion) slope was smaller than that of stage 1 (boundary layer diffusion). Therefore, it was confirmed that the
intraparticle diffusion was a rate-controlling step. The activation energy of AF (13.00 kJ mol™) corresponded to the physical
adsorption process (5 - 40 kJ mol™"). The free energy change of the AF adsorption by activated carbon showed negative values at
298-318 K. As the spontaneity increased with increasing temperature. The adsorption of AF was an endothermic reaction (AH =
22.65 kJ mol™).

Keywords : Acid fuchsin, Dye adsorption, Isothermal adsorption, Adsorption kinetics, Thermodynamic

* To whom correspondence should be addressed.
E-mail: jidong@uos.ac.kr; Tel: +82-2-6490-2862; Fax: +82-2-6490-5482

doi: 10.7464/ksct.2021.27.1.47 plSSN 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.

47



48 o)A

1. 2

—

FAH = AR ARAA FollA HE Higo] 7HE 2ow,
AEO AP ZHJoE sl ZAIZH YT FEEY Hl4=A
7} ek & nPE A2 A8517] o] ofE 9 o
YA 487} EoF AYAE] E9HI7F =2 E40] Uil

AFE A magenta 9E2 AR, ETAE, J3 AT 4
F A7HAHE AHEEL Qe f-8T dEolnt. IE AR WS
SRRtEolgtA Aol oA ni, &, T&7]0 A=<
U 5= QUTH2)l. AF= PEE WS AR E 7HA AL S
o] AAH g2 FafiE7] ofFaL, n|gE Eofio] et 11 ks
Ak i Eoh oA she] X%ﬂﬂ“’ A-goto] 2 A
A& 7T & 7] Wil FAIASRA A AdollA =

& T ZAHo|1 &&H FMH e Aot gHU 2
o]-\:]' [3].

AFQ] Z&A2lo] tist X3 AF7E AR Zhang et al. [4]

o] MgFe,0,2} A3tE micro wave AP 1.55 ‘ﬂ'oﬂ AF9]
99.78%% Eo& 4 Jtial 3} 2™, Renita et al. [5]2 H}O]

QA0 283t Sargassum myriocystumS /\]-510}04 AF—
kst A3, 52522 Langmuir 2do| Hgtely Z2ghe
AOIRIE L A1S METHY H ST} Akbarnejad et al. [6]2
mesoporous magnetic Chitosan/Al,03/Fe;O, nanocompositeS Al
835t0] AFZ a5t A3}, HEAEe 94} 23} LT Ao
Z AA5k, 5242 Langmuir 4o & woo], S&31y
g AT} YA o S mRo] ofs) A=tk B
5}9ic}. Jalalian and Nabavi [7]= 7]EAF L= 9J&}/Polyamide
6 (CSNPs/PAG) WEHQS AHET AF] F2HATHE Sips 5
L 7Ee =2y £Egojg = MSRDC Yo & goky &
22 w7]goA Q] ghitol]l ofsf AlojEn Fahge Thol
2t skl 1eu AR It F2s0] 45
2 FAETE THEAE AEE FAAR] 24
AF9] 5o gt A= oA 7HR] o]FojA|X] Felal Qitt.
B Aot F5 B2FHY 4A0] Wag ARg A1
3 BHOR 4 BHBGACIS o83 AFY Tl that
pH %3} E*éi X/\}’B}O% FHEA 77 S2o|| n]X| JFFS
ARIYOH, 5LE 4 Bl B S
Whsin, Bae40] BUALE Wil G224 4
AL gk H_T’_
S

rlo :|o rLloln

I]Z[OI

Rl

J
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Table 1. Identification of AF

3 GAF PGl AL 2RSS A ] A olRE 1%
o 23, 4 ) SIS Bo BRRS S BO
o Hogron], =9 FAUYS Fo GHe4H HetulEel B
ok ouix) @ s, Qe AgolA Wat 5 7t
of EHE4S A Bt

2.4 8

21. 4 M=

AFE= Sigma AldrichAS] A|FS AMEslR o 11 EAL
Table 10 UElRch YHOZ 1000 mg L] 484 A =3
A o] nEstgon], A8 tuit WY 54 S5
2 sste] AgBn SEE AANIITH BHEYA
(shimadzu, UV-1800)& AR&5te] 1-3-853H4) 546 nmof|A] &
Beg 2ol AN AH8sI] 2R AL
(FyBFehol A AR oFAA Y4 BHHGAC, BFY
Ak27]:1.638 mm, B EHH : 1,638 m* g')S A&t A
5 B RHA/AFI7)EE =77 (automatic specific sutface
area/pore size distrbution measurement, BELSORP-mini II, BEL,
Japan)E ARE-5lo] A3 A3 279} SEM imageS Figure
10] epgn] BEATAA 37 nm] porert 2 W 7
e R GER T

pH Hdﬁ} AL 27 % 10 mg L'9] AF 89 100 mLE
%8 H(pH 3 ~6: HAc-NaAC, pH 6 ~7 : H,HPO4-KH,PO,,
pH 8 ~11 :NH;OH-NH,C)O.2 %x7] pHE 77} 3~ 112 9

5, BT 100 mg& W FEA F2UF7]o0A 298 K,
100 rpme] ZACZ 1247+ A AL 5L FFAL 2
71%% 10 mg L'9] AF 589 100 mLE 150 mL Fo] ¥
11, o710 S 10 mg ~300 mg B4 22 th2A A
7¥sta Zhzte] 2= E 298 K, 308 K ¥ 318 K& YAT th2
=4 2 287|(JS Research, JSSB-50T)0l|A] 100 rpmO.=
12A7F B FHA & BE 5 BARAT 27165
SHREE A 298 KofA 5371%57} 10, 20, 30 mg L'
THE AF =89 100 mLoj| S/ 100 mg& 7t &, 100
rpm®] FEA] FAF7]A 6417 FRAAT 228 2
£LAFLS 27] B% 20 mg L9 AF 489 100 mLoj| 24
B2 100 mgS A7 &, 58 747} 298 K, 308 K, 318 K

Structure Chemical formular

CAS No.

CooH7N3NayOoS;

585.53 42685 3244-88-0




o
o

d

g p

© ° o
w N (8]
T T T

dV /dlo
p

o
N
T

©
-
T

1 1

1 10 100
d, (nm)

o
o

(a) pore size distribution

Figure 1. Pore size distribution and pore structure of activated carbon.

2 2% 984 FLAR0IH SU% 20w FHA
e WEEEES BT

3.1. pH B3} SXEY

AF G2 pit A5l G FAEE Figure 201 HEAY
o} I =5 B pH 37 11904 = 22t 96.8, 95.1%2 =2
FES ‘/}E}‘HJ_, pH 7914E 36.5%=2 7F ¥ Z2ES
Y= &5 Hf(bathtub)ye UERARITE 4] 99<l pH 7
A4 olste] FofA= LAY FH A FASHH)7L &
Asto] FHAsHE WA HAW, AF das= £ sfgEo] &
(-)ATIE W o}gFAito]&(S0y)S 7}1] 7] wj&9]| Equation (1)9]
HHgAT o] T o] Ato]o] HH7H Qo] o8] &&to]
WA Eth Ao 7k E H'O] o3RS wo| HlojA A
A714 Qlgo] § ZsiA|7] dizoll F2HEol 7ok A& &
o= SATHS]

GAC—H* + SO; — AF — GAC— H— SO, — AF (1)
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Figure 2. Effect of pH for adsorption of AF on activated carbon.
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(b) pore structure

ERF 97178 B pH TAA o3 FHolME ST £
o] sl 2(Om) ez Hof F()AskE 7HAIA AR
AF @EE FHASHE v ofdl ol 2(NH', NH,)3 &34 ©]
2(CH; )< 7}1171 o] &+ o]&o] 3319 Equation (2)~
#eF Zol A7712 Aol QA3 F2o] LTI

GAC— OH + NH} — AF— GAC— OH—— NH,— AF  (2)
GAC— OH + NH'— AF— GAC— OH———NH—-AF  (3)

GAC— OH™ + CHy — AF— GAC— OH——— CH,— AF  (4)

whebd o] e AFY SHMGL 4
ot g2o] FE WAUZA AL T & Uitk

3.2. ELEAS

3.2.1. Freundlich S2&24

Freundlich= &2HA| Q] U A= E4Y al
7] Re] BFUF cEAS FHR FHo] o]FolHrtn
Bl o e AAsi

>
M
2=1
fl
oft
o,

log ¢, =log KF—F% log C, 3)

o714 Caz T B sE(mg L), o= A B3
F&%F(mg ghol, K S3HA9] F283, Ihd BEEAs
1t. A ZIE Figure 37} Table 20 YEFY QI Table 2E5
Bl Al tigt A EE Yeie ABASME Hlus) EH
AFQ] A2 298 ~318 K Yo A] 0.9915 ~0.99772 L}e} oj
£ & uoty] wiZo] g/dete] 93k AFS] §AR2 EASS
FAdotdA doftthar A= ATH5]. S2AY F2HH(Kr)
o 2uyl ZI1A4E 284 < 469 < 6.18 mg g' 02 AR
oiZof EAggtol ot AFS] FAE2 SO XYy
Rom 2urt SEHAE AL AKX ZAoRE wH

]
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Figure 3. Freundlich isotherms for adsorption of AF on granular
activated carbon. (Co : 10 mg L™, GAC : 10 mg ~ 300

mg).

Freundlich E&Al<=(1/n)7} 0~ 19] £017bH S&A| o] &
oS i 5747t & o]Fo|Ant. meka S22kl A

il

ée BAshs AR ARGEHHT]. 2 dTolAS] s

2 298~318 K HollA 1/n=083~0.952 SAeto] oJ3t
AFA 42 2 A 3o ALY # v A
LATH3].

3.1.2. Langmuir S 2524

Langmuirts $54] X9 oA FUg B

. = 7447
fEo] o] HEAEOE o|SolArkL FFHE TAL A
orshaact.
1111 )
o QGG @

A71A Qo K2 S8+ 9 342 ¥ H Langmuir
Argoltt, A3 AT Figure 42} Table 20 YE ATt &
7} 298 KoM 318 K2 Z71852 AR S282HQ.)0|
17.67 < 49.51 < 61.35 mg g' 0.8 AR7| fRo] L7} 27}
s FAAET AoiAE A ERAT 5 Aok A

=

1/9, (@ mg™)

0.0 | | | |
0 1 2 3 4 5

1/C, (L mg™)

Figure 4. Lagmuir isotherms for adsorption of AF on activated
carbon. (Co : 10 mg L™, GAC : 10 mg ~ 300 mg).
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2 Uehile. wekd Buk] Hia AFe]
Szlo] ZH ZTAHo|AUF B }E 2T o
oA = Aoz WHE QL) Langmuir REOJA = T2
FJ?%]#(RL)% *P%é}O% FHAE 349 4P B B
A= 0 <R, < 1Y 1| 7Hs3FEH10].
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A 2 ddg2 Fold 2= HMAlIA Re=
0.245~0.325% E5F 0~1 Apold] Eaﬂ‘”ﬂ ol g

of ot AFS} FRzAto] ArpAolat: Ag AT S 3
At
3.3. SHSHH oM

3.3.1 BESEEA

Egeto] tiet AF9] SASS SEEH O R AR 9
3lo], Qulr oz wo] AFLET Qe 9AF AA} vrS AT A

(pseudo first order model), (6)Z} F-AF 0]A} WH-E-ZI 4] (pseudo
second order model), (7)& AR&5lo] W) W3] HQtct.

S(r)= 0.9872~0.9964% Freundlich4] 9] AA4 Hrh= ub In(q—q) =1nq — kit (©6)
Table 2. Freundlich and Langmuir isotherm constants for adsorption of AF on activated carbon
Temperature (K)
Isotherm model Parameters
298 308 318
Kr 2.84 4.69 6.18
Freundlich 1/n 0.83 0.90 0.95
r 0.9964 0.9915 0.9977
Q, (mgg™) 17.67 49.51 61.35
) K. (Lmg™) 0.208 0.108 0.112
Langmuir
Ry 0.245 0.325 0.321
r 0.9872 0.9959 0.9964




A/ g etoll Tt Acid Fuchsin®] S35 7 4ost wetnje] - 51

Table 3. Kinetic parameters for adsorption of AF on activated carbon for different initial concentrations at 298 K

Initial concentration (mg L™)

Kinetic model Parameter
10 20 30
Qeexp (Mg g™ 4.594 8.790 12.965
Qecal (mg gh) 1.049 1.702 1.888
Pi_e“f" error (%) 77.18 80.64 85.44
1S
order k; (h) 0.153 0.144 0.150
r 0.9968 0.9977 0.9951
Qecal (mggh) 4.724 9.259 13.514
error (%) 2.83 5.34 4.23
Pseudo second order
k (h) 0.944 0273 0.230
r 0.9997 0.9994 0.9995

9.9, (mg g”)

001 Il Il Il Il

0 1 2 3 4

t (h)

Figure 5. Pseudo first order kinetics plots for adsorption of AF on
activated. carbon at different initial concentrations and

298 K.

71 qot g 2 BE SR g g3k AT
b SR, ke
A 9hE SAdS(g mg” h)oleh AZhg F&F

(mg ghols, ki FAF L2}

o= AXE 4 Ytk

S&T Ao 23 A= Figure 590, 94} o3} HHS& T

]

>

of 287t 2= Figure 60 UERHILL, w2tolE ge2

Table 30] YEFATE AFS] &2}o] glojA],

Ao tiet A =S

Hetdi= AArmE 29 fAF DA IHEHEA(0.9951 ~
0.9977) < A} O] A} HHE4 1= 21(0.9994 ~ 0.9997)2 34} 013
HES £ A 9] uATE o7t 8 10 gl B BEE
Zgo] Aggho] digh Altgtel eAkeS B A oA vk
ST A)(2.83 ~5.84%)0] FAF LA} HRS LT 41(77.18 ~ 85.44%)

t/q, (hg mg™)

t(h)
Figure 6. Pseudo second order kinetics plots for adsorption of AF
on activated carbon at different initial concentrations and
298 K.

Hot 9apgo] AAs] Aottt weEtA] Sl tiet AR &
ko] et WS mot BYFHT] BAE FA oA HE
s&EAo] o Ao vepd o 9= AR A=
AR oAb HheSEA S diRE FAA-FA AlLE
Aol dddlolelet & gton], fARt APATTL Hol
ATH11-13].

2l SE4Y BIE FAF olRF WEeSEA o] AHget
A2 Figure 70|05}, HLA9] ntEtule] G52 Table 49 2
Tk A O1AF B Ao ek Al (= B 0.9990 ~
0999622 wl-¢- 2 Sh= AL & < ot B HPFHEC]
et @AM < 7.88%= ¢ Fot AIE YERHIT. FAF
ojx} HlS &L AL 217l ARSELE 0293 < 0341 <
0.4052 S7FSFATE. o|AL L£&7F SIS wh-go] &s]
Y=o} AA| WAt &2 & Qlvks AL ouigit
ojet AR AYAIT} T HRE O] QlTH14-16].

3.3.2. R} LY 2HAEAL
FAET} 22 OB FAAE FAo] AT tom Tt
wo] welo] g8 W @ wAel Bge ANA ek
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Table 4. Kinetic parameters for adsorption of AF on activated carbon for different temperatures at 20 mg L™

Temperature (K)

Kinetic model Parameter
298 308 318
Qeexp (Mg g™ 8.704 9.044 9.219
Qecal (mggh 9.390 9.615 9.515
error (%) 7.88 6.31 3.21
Pseudo second order
ks (h) 0.293 0.341 0.405
r 0.9994 0.9990 0.9996
10 ‘
Stage 1 | Stage 2
|
9 i } v/v/v/'/'/'/v
o @5&/@
[@)) <
e 'O 8 - |
> > |
c S \
~ . 7r |
o o \
= |
| e 298K
6 | o 308K
| v 318K
|
5 | L | |
0.5 1.0 1.5 2.0 2.5 3.0

t(h)

Figure 7. Pseudo second order kinetics plots for adsorption of
AF on activated carbon at different temperature and 20

-1

mglL™.

WeberS} Morrist= of#] g0l AR SH45g Aufst
L SEANEAS 2] o) he 2 A B A
8steiet

4 = kmtl/Q + C (9)

v}

AZNA k2 YA FAEEFS(mg ¢! )0, Ce A
oltt. 2= £EAY A A Wl S4balol 283 2
= Figure 80 Uehfiglom, ohefu|g &S Table 59 1
e} 192 EH AFS] XA 298 K, 308 K, 318 K
oA BE 71&717F 2709 Ad g yehgth AR &
A= OFARA 24, @ 3AS g4, © A W 24t
o] 3gAR Uyt wyte] o) jREHolFAge] FA]
= 2dolgtd 193} Zo] 9dE SHeHA g 2719 A

tOAS (h0.5)

Figure 8. Intraparticle diffusion plots for adsorption of AF on
activated carbon at different temperatures and 20 mg
L

Mo Uehir] gk ot stage 1 : A5 SHAHA WA 4
)7 stage 2 : AR W SAHE WA AR PR 72
Aol et YA SASEASE B sage 29) he
0.786 ~ 0.887% stage 19] 7]-&7] 1.367 ~1.450 Bt} 22 Z1&
o 2 QI Wb stage 2 TN A7HG FHge] E7ME}
e}y uhio] QIRp) ite] SEAGALE & 4 SIEHI7, 18]
T A SRS 2T Setas
7} gsatel SASEE AL AL AT
ST A5 fARIRESSE A A FASEY
%7} Z7ks0] SRWYo] Egsls WA A0 o
S Qe Aoz WHEdL: C e AR B9} peiw
shetnle 2 227k Aol Tt stage 2014 6.757 < 6.863 <
7.129 0.8 Z7HS9c whebd L SetdSE NS
o tiet AR FHE ANE AL AT 5 UATHIOL

4
20
&
i
s

Table 5. Intraparticle diffusion parameters for adsorption of AF by activated carbon at different temperatures

Stage 1 Stage 2
Temperature (K) K K
(mg g-l t1/2) C (mg g-l tl/2) C r
298 1.367 5.709 0.9947 0.786 6.757 0.9974
308 1.425 5.916 1.0000 0.863 6.863 0.9987
318 1.450 6.223 0.9990 0.887 7.129 0.9980
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Table 6. Thermodynamic parameters for adsorption of AF by activated carbon

Dve Temperature K E, AG° AH° AS°
Y (K) d (kJ mol™) (kJ mol™) (kJ mol™) (Jmol" K™
298 3.63 -3.196
AB 308 5.44 13.00 -4.339 22.65 86.99
318 6.43 -4.924
3.4. EHSHH oM gt EHol| S3E= 5ot AF9] 3 Oﬂ I Jd B &
) o] 8o 2oz ulEEy Aol Aol HANET
3.4.1. ¥ojst nt2t0|H Feo] 89 Fo8 WEEHWA 19 AWo|A 9 FAALET}
Z7Ft7| gECE wehETH22]
A3} st 52 AR FAFHH dagt F2
o AAEeE ARG Artheniuse A O} RESEH AT 4782

1S AF83te] B3} oUXE
shqict.

Fhe thewt e A2 A

Ink,=In

RT (10)

AoA E LS9 45 oYX (k] mol), A=
Arrhenius 912}, RE 7144 42(8.314 J mol' K), T= B2
Z(Kyolth. 25l £ A9 AIE Equation (10)0] H-&
Stof 7]&7] E/REHRE T3 AFQ] 843} Al R]= 13.00 kJ
mol o] it} F&Hg2 F&oyR| 9 A7)0 met EE&
23t shekgato 2 ALESh 4= QT o] Ak &4l 9
St AFQ] FaRgo] |25 ~40 kI mol")9] EA4& 717

= AL AT £ AATH20].

AU A HSHAG), A mHSHAH) L NEZ 1] HSHAS)
52 TxFH AHA, BE/EY, E/59E 58 37t
Sh=tl AHgETh SR JIE Enﬁ‘r g g Aoy
AL 25l £ 4902 RE dojx= BujAR~K, = q./Ce)
£ ol&oto] 3t}

_AS _ AH1
Inf, =2 = =5 (1
AG=—RT In K, (12)

L “*é‘léi’%k% o|-gsto]  Ao=HE

3t 995t matu|g S-S Table 60] UERATH ZF-go =]

Hol= 298 ~318 K HYoA BF S4%k(negative value)S
YER7] diizo \:131“?_1'%0] AAolg = AE & 4 AT
Eah A0l G LA} EAFES 3196 > 4339 >
-4.924 kJ mol'2 & %IO] Z7V519 7] W&o Ak 95t
AF9] F2FE-E 257} FobdaE Aol o AXltke A
= Lotk e @Akl Hitt AF9] SAREE-9] ARfofly
Z9] 27|25 € o] ¥hgo] E&F2K-20~0 kI mol )] T
St A& & 5 AR 21
Grgeto] oigt AF9] FARRZO] Agy W
mol'2 FIWHg o2 MeYPE| frt= % & 5 AN, AER
1] H5l= 86.99 J mol! K'2 9] gk

i

/getol] ofgt AFQ] S-S AMJolA= AF7} 25t
At ohatol&(S0N9] WS WL, F71 4014 obl
] 2(NH', NH, )J—‘r U7 0] 2(CH;")9] P2 HrobA] pH 33
1 FEolH £e 829 A4 vehion], B3 WS
& Y Al o A o9k, TR G AP &
Z2 Freundlich 528&F4]0] Langmuir 5252 HTT T
T o] WEe] FHBHL A e ojRolzom,
Freundlich 22} Z2]A4(1/m) L2 e T2 AREsto
AFE Fa}E B40] anEe Aol B 4 Atk A
2 o,
FHIEGL SAO|ASSEA0] FALAIES AR}
QA7 ol st T, ANE HAFAEL A
Zak Q218 7.88% o= & ukeltt.

BATHL AAF AT YRRy Bare] 28R o]

£

ausglon, Ak s 18717t AAS SHe) 7197]
iﬂr H9p7] WA At 1 avo] L&A

Arrhenius 4]0 2 X E 131 &A35} o X 13.00 kJ mol
2 BB ~40 kI mol")o] STk AR0NUA] Wk
298318 K WelolA] B% S43ES vepi] uhio] Fa
go] ApHolglon Lot F7FURE Aol X9 8o
o] AR| Wl Aol o Folick AL Uskt.
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