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ZAJgtel] 23t Brilliant Green(BG), Quinoline Yellow(QY) =] Fatol| thet 524, 8¢}, ek 5% 9}
BAAGEAES 29 oF, pH, 2755, AFAH Y 255 HER slo] a83it). BGEF QY 7L Q& atomic
nitrogen ©]<=(N")2] 3O E pH 110014 92.4%°] H3L F2-&S YERIGIAL, QY= sulfite ©]<(S05)8] WS = pH
3004 90.9%°] Hil FHES JERIrE 5252 dlolH 278, BGS| -9+ Freundlich 522l & globx] thia}
% S&019l, QYE Langmuir 52l0] 7FY & UAEE vEhfo] 2 whEa5-&2o| St Freundlich 27
Langmuir 212] £2]Al5+= &/deke] o) ol5 958 avdor AT 5 e FYYS veRth Temkin 52
o] Qg Frhe F2 ouA= ARkl 93 BGSF QYL Fo] =8 FAGS ERINFAT 5 AdAv=
FAF O1AF WhgS A 0] FARIA} WSS AR UX 27} ok FEFARel digh e A% o Akt A &
AbAS o] gBto] mASE T 2vkA|e] FX 0 R YE=T 718717 W xR Bto] EE51AIYS BRI
ol S e] B33} ouiA s} gy Wk SaEPdo] nlwd FEskA dojub FAnkeelS vl JIER
3] W3k Aol tist BGSF QY ¥R 2] o] Walge) wet SRR FAM T} Sk UERAL, Gibbs
A ollUA] WglE FE] Fabgo] 57F FoldeR Aol f AXtks RS U9kt £3g9] BAAE2 4
= Ad oz S35 22 QY7 BGell 23l & WallE wol 25| A Aashs Aoz Yelit).

Abstract — Isotherms, kinetics and thermodynamic properties for adsorption of Brilliant Green(BG), Quinoline
Yellow(QY) dyes by activated carbon were carried out using variables such as dose of adsorbent, pH, initial
concentration, contact time, temperature and competitive. BG showed the highest adsorption rate of 92.4% at pH 11, and
QY was adsorbed at 90.9% at pH 3. BG was in good agreement with the Freundlich isothermal model, and QY was well
matched with Langmuir model. The separation coefficients of isotherm model indicated that these dyes could be
effectively treated by activated carbon. Estimated adsorption energy by Temkin isotherm model indicated that the
adsorption of BG and QY by activated carbon is a physical adsorption. The kinetic experimental results showed that the
pseudo second order model had a better fit than the pseudo first order model with a smaller in the equilibrium adsorption
amount. It was confirmed that surface diffusion was a rate controlling step by the intraparticle diffusion model. The
activation energy and enthalpy change of the adsorption process indicated that the adsorption process was a relatively
easy endothermic reaction. The entropy change indicated that the disorder of the adsorption system increased as the
adsorption of BG and QY dyes to activated carbon proceeded. Gibbs free energy was found that the adsorption reaction
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became more spontaneous with increasing temperature. As a result of competitive adsorption of the mixed solution, it
was found that QY was disturbed by BG and the adsorption reduced.
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Brilliant Green(BG)©= 73 ¢] 354 = Z4 0] 712 e =
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BG 25 A|A] thst A8 A4S A B Neem leaf powder
[5], Kaolin [6], Saklikent mud [7], saw dust [8], Red clay [9], cactus
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BGE} QY+ Sigma-Adlrich AF2] GR F A|2F 2 2 Fig, o] +25
UERHTE 527 Table 29] 245 7H Q1% @4 ¥HGAC, DY
Carbon)S AR-5133TE BG2F QY2 -5 52 UVavisible spectrophotometer
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=gt
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FHS- 10~300 mg W $lollA 242 T2 A

a) Brilliant Green b) Quinoline Yellow

Fig. 1. Structures of dyes : a) Briliiant Green b) Quinoline Yellow.

Table 1. Physical properties of GAC

Properties Unit Value
Average particle size mm 1.638
Specific surface area m%g 1,735
Micropores volume cm’/g 0.40
Macropores volume cm’/g 0.02

Average pore size nm 1.63
Density (at 25 °C) (g/mL) 0.51

lodine adsorption value mg/g 1,000
Methylene blue adsorption value mL/g 180
ash % <10

Hardness % 90 Min.
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Fig. 3. Effect of pH for adsorption of BG and QY by granular acti-

_ vated carbon.
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3-1. 2HE EQIo| ¥Ek =l QY 5= Eoll allE]¥] o] sulfite ©]& (-8Oy )& 7HA1 7] wiizell
%7] % 10 mg/Le] BGSF QY € 2} 100 mLe]l thste] ofz} ofgff Wh-&-2]3 o] & Ato] 8] A7) 21 Q1| &Jate] F2o]
ZHA 4=F S 'S 7} 10, 25, 50, 75, 100, 200, 300 mg® 7}8kar JouiA DrH19].
298 KollM &2 5 Alzbol] m2ed wle] g2 X158k A= Fig 2°ﬂ GAC-H" + SO; - QY - GAC-H~S0;-QY )
HeR ot Z2e32g B G2 F4%F Skl wet 2t ¢
59 FHEE T7Fs, 300 mg £ A2l F2EC] 71 32\1]— BG+ 7FA 1L Q1% atomic nitrogen ©]<-(N")3} - pHollA]
(BG : 99.9%, QY : 90.8%). BGS} QY] T2z oA SAek 7} hydroxy ©]&(OH) 2. & Yl negative(-) A 3}2] &A¥te] Hdz)
o] 10~100 mgd W 71717} 2} 0.6673} 0.689% 100~300 BRA71A el 25k 2ol dojiba] pH 11014 92.4%2] #H 1L
mg®] 7]-&7121 0.059%} 0.085 Kt} Zroba] F2kA| H7FF ] & FAEE YERISIT
7{2‘% *J%_EJ}_?% e dT °‘E}_°} 2L BdRk 37101 100 mg GAC-OH™ + N'~ BG —> GAC-OH~N-BG )
= 2P F2A B9 Ao 29 f59] o] Wolxitk=
ZAS olulah v A A A o)gba & 5= Q). whEbA] AR Aol =ML wreba BGSF QY S &3 HIiZF S 714 1] gk A
eete] F2ES] F71Eo] & ARl Q= 100 mgs oFAHA U= & 5 AATH20].
AR riFow st $543E F3sIoiTh

3-3. S=2M oliM

3-2. pHO| Y3k 3-2-1. Freundlich 522
Fig. 3% ¥ BGS QY= pH W s}e] mo &350 Aulr) <) Freundlich ‘&322 S st FAAIAS 7H H2404) 2
A& vrehdar Qlvk. A QYa= pH 3014 90.9%2] H 3L F3E2 ol TREARS- 0 = FEo] o Fofxittal 7P gt
R Il pH7F SRS F2HEC] WobA A, pH 119114 65.3%2] .
HA FAES ERIGITE o9} 22 A UER o) = 84 log g = log K= = log C, ©)
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oM Caz FHAC] FAEE(mg), g5 TS BREA
(mg/g)°] L, Freundlich 4791 K= 23419 S2-85, n B4
<l 912 Uehm Freunldich 2lol 43 A7k= Fig. 4o Lrehl3)
?E’ 80 L T} Table 20141 AI7FA] &5of tisf 2ol thgh AX| =5 vehll=
ol e av APARE? ] FEghe vlas] 29 BGS 49+ Freundlich
!g)_ 60 I v BG (0.9940) > Langmuir (0. 9905) > Temkin (0.9776) 0% 14-15]-14-/\1
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§ ERA Langmuir 28] X7} 71 ol 2 whixlso g o
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Fig. 4. Freundlich isotherms for adsorption of BG and QY by GAC.
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Fig. 5. Langmuir isotherms for adsorption of BG and QY by GAC.

A FHEE

2 Fmglg), 0,9 K2 F2-83 2 FH59 ¥ € Langmuir
Agrolth, Ad A= Fig. 59 Table 200 YERISITEH 2527 571
42 BGS} QY T SEEH0,)0] 18.62 <28.74<53.19 mg,

[

7l uhE FEA-FA Ale) ] AdzAkgo)] dAlshs 2l A 8.14 <16.21 <4524 mg/g® & A7 wlite] =7} S7FrE &
A7 Zgo] dofupr] Wiolth. & Aol ] AFRES F ATt woE FERRE O R FPHUSS -'%‘f%%‘ T AAct
71 L= elol BGZF 1/n=0.765~0.969, QY7 /n=0.511~0.766% Langmuir 222 F2Ae] 3749 43Md& ddatr] 218 vk
el A ek o8 BGSF QY F 9EE aYEoE X e Ak B A RS AHESH 23]
T Uea EUTH22] o
R=TTxc X.C, (%)
3-2-2. Langmuir 5232 _ .
Langmuir S-&&24)20- 723t o %) F¥2 711 F24) 1 TR R AlEEo] 0 <R < 19 ) BEAQL FHAE7} 7k
o] ZRASo] BEAlE0 7 Tataitly 7148 Ralo|t}. 3} & A3 oA A2 % "L EoA s BE 2504 BGE
R, =0.249~0.276°] 1L QY+ R, =0.159~0.388Z &-&21 A 2|7}
1__L 1,1 @  ZFed xae wEske webd ] 9% BGo Qv &
9. K, 0,C. C, 2] 7t g3 el FAoleh= AL gklEk 4= 9l
A71M C i FHAY FHE S (mgll), g5 SHA GHAHY =
Table 2. Isotherm model parameters for adsorption of BG and QY by GAC
Temperature (K)
Dye Isotherm model Parameter 208 308 318
K 2.84 461 7.65
Freundlich 1/n 0.765 0.845 0.969
e 0.9877 0.9964 0.9979
Q, (mg/g) 18.62 28.74 53.19
BG Langmuir K, (L/mg) 0.187 0.202 0.163
R, 0.259 0.249 0.276
e 0.9870 0.9913 0.9931
B (J/mol) 10.95 13.15 16.70
Temkin K (L/mg) 1.628 2.516 3414
e 0.9867 0.9842 0.9619
K 237 3.28 4.86
Freundlich 1/n 0.511 0.630 0.766
P 0.9866 0.9846 0.9818
Q, (mg/g) 8.14 16.21 4524
oy Langmuir K, (L/mg) 0.431 0.274 0.057
R, 0.159 0.211 0.388
e 0.9992 0.9957 0.9950
B (J/mol) 7.25 9.24 13.85
Temkin K (L/mg) 2.113 2.385 2.957
e 0.9954 0.9771 0.9867
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Sro|t}, A A= Fig. 63 7t} o] wl BZko] 298 K, 308 K, 318 K
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Fig. 6. Temkin isotherms for adsorption of BG and QY by GAC.
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Fig. 7. Pseudo first order kinetic model plots for adsorption of BG
and QY by GAC at different initial concentrations and 298 K.

Table 3. Pseudo first order and pseudo second order model parameters for adsorption of BG and QY by GAC at different initial concentrations

and 298 K
Initial trati
Dye Kinetic model Parameter nitial concentration (mg/L)
10 20 30
Qe exp (ML) 5.026 9.763 14.165
Je.cal (M) 1.279 1.478 1.545
% 74.55 83.86 89.09
Pseudo first order error (_1 %)
k, (h™) 0.207 0.215 0.217
BG r 0.9992 0.9979 0.9992
Je.cal (M) 5.288 10.081 14.535
% 5.21 3.25 2.61
Pseudo second order error (_1 %)
ky (h™) 0.750 0.582 0.557
r 0.9995 0.9996 0.9998
Qe exp (ML) 4.207 7.838 12.668
Je.cal (M) 1.704 2.199 2.547
% 57.47 71.95 79.90
Pseudo first order error (_1 %)
k, (h™) 0.0521 0.0572 0.0607
QY r 0.9846 0.9956 0.9957
Je.cal (M) 4.626 8.033 13.327
% 9.96 2.49 5.20
Pseudo second order error (_1 %)
ky (h™) 0.207 0.111 0.0698
r 0.9990 0.9955 0.9969
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Fig. 8. Pseudo second order kinetic model plots for adsorption of
dye by GAC at different initial concentrations and 298 K.
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Fig. 9. Intraparticle diffusion model plots for adsorption of dye by
GAC at different concentrations and 298 K.
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%l £7]& BG7} 0.69~1.14, QY 7}
2} J_}_Eﬂig-}\]—oﬂ Ferehs TukE 2

%Hg) Z7H7h 2] el ERs

33

3-4-1. 58 F2ET

298~318 KellA
2 7 g-310] Fig. 9] hehi g, m%w Sy A
5

=]

2FeE A IR= Table 59k 20k S2154 2 Whe-2 7 57 =S Y
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1.0000, QY7} 0.9980~0.9965% -FAFO| X2 of] o= 2+ gh=t},
A B3 Fabeko] o AMEE T BG=1.77%~2.61%, QY=
2.20%~4.82%% QAPH2] 5% oUlE 2 wh=rl= AL gl1s}irt).

Table 4. Intraparticle diffusion parameters for adsorption of BG and QY by GAC at different initial concentrations and 298 K

Dye Parameter Initial concentration (mg/L) Slope 1 Slope 2
10 20 30 10 20 30 10 20 30
k,, (mg/g-h?) 0.897 1.192 1359
BG C 3.30 742 11.54 0.81 1.83 2.10 0.69 0.97 1.14
s 0.9925 0.9984 0.9952
k,, (mg/g-h?) 1.014 1.742 2515
QY C 0.64 1.90 4.30 1.57 223 247 0.75 1.55 1.90
r 0.9772 0.9917 0.9882
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Fig. 10. Pseudo second order kinetic model plots for adsorption of
dye by GAC at different temperatures and 20 mg/L.
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Table 5. pseudo second order kinetic model parameters for adsorption of BG and QY by GAC at different initial concentrations and 298 K

Temperature (K)
Dye Parameter
298 308 318
Qe exp (ML) 14.165 14.476 14.644
Qe.cal (M) 14.535 14.815 14.903
BG error (%) 2.61 234 1.77
k, (h™") 0.557 0.786 1.501
r 0.9998 0.9999 1.0000
Qe exp (ML) 8.838 9.185 9.418
Je.cal (M) 9.033 9.615 9.872
QY error (%) 2.20 4.68 4.82
k, (h™") 0.0476 0.0553 0.0731
r 0.9955 0.9965 0.9980
Table 6. Thermodynamic Parameters for BG and QY adsorption on by GAC at different Temperatures and 20 mg/L
Dye Temperature (K) Ky E, (kJ/mol) AG® (kJ/mol) AH® (kJ/mol) AS° (J/mol K)
298 8.483 -5.30
BG 308 16.087 3891 -7.11 51.24 189.63
318 31.167 -9.09
298 1.812 -1.47
QY 308 2.799 16.90 -2.64 32.42 113.73
318 4.123 -3.75
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