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YA} /g eko] thit reactive blue 4 (RB 4) 9] 52523} 58 8H4, G 54 ntejn] g of thsf /e &, pH, 27|15, J
SAZ 58 FANSE Sfof ZAHGL, B0 ST RB 4 ARe] S pH 78 /MO 2 FHO 2 T2 WEgo]
Z7}8)= concave 2 4-S UEFY YT 525 2FAFE = Langmuir, Freundlich, Temkin 5-232F410]] 2-8-5}%1t}. Freundlich
3} Langmuir 52&-ZH4]o| B %= 2Fgkoket, AAME Freundlich 2] A|5(1/n = 0.125 ~ 0.232)¥} Langmuir 2] A|5~(Ry =1.53
- 1.59) 2R E BATO| RB 4 BIH O H2e 5 ATk AL ¥ 5 AU Temking] FHLUALZ(Br - 17611
20010 1 mol'y o] FAo| BelZHIS eyt §EoHA UHOZNE BHTHLS G4 o2} B3 EA ] T ok
O QA U SR T A3k BESHARS GeRs T WA A4 1871 Bek AAp AFIARS el R WA 3
K9] 712717} 2171 LERLEA] QAR Al8kako] 4= AEkAe]l A SHIstalr. Gibbs 2H-80]U1X] HEHAG = 3262 ~
7,581 kJ mol")ok QU] HBHAH = 61.08 kI mol )} 707F G2HB o] A B4 2 FAT S Lehfolct.

ZH|0f : Reactive blue 4, B9, = F2, F25 e, st w2to|H

Abstract : The isotherm, kinetic, and thermodynamic parameters of reactive blue 4 adsorbed by activated carbon were
investigated for activated carbon dose, pH, initial concentration, contact time, and temperature data. The adsorption of the RB 4
dye by activated carbon showed a concave shape in which the percentage of adsorption increased in both directions starting from
pH 7. The isothermal adsorption data were applied to Langmuir, Freundlich, and Temkin isotherms. Both Freundlich and
Langmuir isothermal adsorption models fit well. From determined Freundlich separation factor (1/n=0.125 ~ 0.232) and
Langmuir separation factor (Rp = 1.53 ~ 1.59), adsorption of RB 4 by activated carbon could be employed as an effective
treatment method. The constant related to the adsorption heat (Br= 2.147 ~ 2.562 ] mol'l) of Temkin showed that this
process was physical adsorption. From kinetic experiments, the adsorption process followed the pseudo second order model
with good agreement. The results of the intraparticle diffusion model showed that the inclination of the first straight line
representing the surface diffusion was smaller than that of the second straight line representing the intraparticle pore
diffusion. Therefore, it was confirmed that intraparticle pore diffusion is the rate-controlling step. The negative Gibbs free
energy change (AG = -3.262 ~ -7.581 kJ mol ™) and the positive enthalpy change (AH = 61.08 kJ mol™) indicated the spontaneous
and endothermic nature of the adsorption process, proving this process to be spontaneous and endothermic.
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A meo] Agetel, FoIot dolelt fARAESE
o QAR Stk ERF LE7F B2 WEgo] uAL o
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Table 1. Identification of RB 4
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RB 4 (C;3HiCLNgOsS))+= Sigma-AldrichA}Q] AJeko.2 7|2
EAL Table 17} Zth FAHOZ 1000 mg L'9 $=8HS A
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D] FdFol| WE RB 49] 2 HE-&S otk
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Cy3H14CIhN6OsS, 637.43 595 61205




124 o]%H

Table 2. Physical properties of activated carbon (Type No. SLD-2)

Properties Unit Value
Average particle size mesh 45 x 100
Specific surface area m’ g 0.243
Density (at 25 C) gmL’ 0.49 ~ 0.52
Iodine adsorption value mg g 1,010 Min
Methylene blue adsorption value mL g’ 150 Min
Ash % 5 Max
Hardness >90 95 Min
100 100
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Figure 1. Effect of activated carbon dose on adsorption of RB 4.
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Figure 2. Effect of pH for RB 4 adsorption on activated carbon.
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Table 3. Langmuir, Freundlich, and Temkin isotherm constants for adsorption of RB 4 on activated Carbon

Isotherm Temperature (K)
model Parameters 303 13 o
Qo (mg g™ 33.33 4432 52.37
) K (Lmg") 0.0061 0.0055 0.0058
Langmuir
Ry 0.621 0.645 0.633
r 0.9869 0.9959 0.9748
Kr (mgg")(L mgH"™ 0.560 0.544 0.674
Freundlich 1/n 0.670 0.727 0.728
r 0.9879 0.9948 0.9813
B (J mol™) 7.90 9.50 12.12
Temkin Kr (mgL™") 0.0527 0.0561 0.0516
r 0.9713 0.9744 0.9646
NH, "RB 48} 22 ol HHE FE5HA Hol FA7H 0.20
Ao oJgt F&o] dojuA "t 7MY =2 S& HEES o 208K
pH 49] 93.2%0] 1, 7} o Tz wHE.8.9 pH 119] 83.2%

2 A
pH < 6:AC-H' + SOy-RB 4 — AC-H-SO;-RB 4 (1)

H > 8:AC-OH + NH,"-RB 4 — AC-OH-NH,-RB 4 (2)

RB 275
FEAFOD olFolALAE 9813, of 3
wpdo] g 4 QLAE W] Sfeto]
Freundhch el Langmulr S235 228 AMESto] v HESIY

= 280 FAAAE Fotel o 340 B E 9
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27 e dHg F2E F2E9] FHmg g,
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B, 227} 298, 308, 318 K& S5, o] 23 &34
Qo= 24} 3333, 44.32, 5237 mg g'& AFL, K2 44
.0061, 0.0055, 0.0058 mg'0]c}. Ao st Y == Yepy
AFASRE) 22 0.9869, 0.9959, 0.97480.2 Bt
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Figure 3. Lagmuir isotherms for RB 4 adsorption on activated
carbon at different temperatures.
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Figure 4. Freundlich isotherms for RB 4 adsorption on activated
carbon at different temperatures.
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Temkin 5237, Kriz= 2o HA o d-&ot= BFZ2
4L gholth. Figure 5% Temkin S2H5-2419] Aztolct,
Table 394 K= 298, 308, 318 KollAl Z+ZF 0.0527, 0.0561,
0.0516 (L g"he YeAa, & 27} 0.9713, 0.9744, 0.96460]
At F2HE I A B FA5ES wiste=t AREEE,
B<20 J mol'o|H E&& %ZOOJ 1], A% A3} 298 ~ 318 Kol
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Figure 5. Temkin isotherms for RB 4 adsorption on activated
carbon at different temperatures.
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Table 4. Kinetic parameters for adsorption of RB 4 onto activated carbon for different initial concentrations at 303 K

Pseudo first order Pseudo second order

Initial ‘ kinetic model kinetic model
concentration " .
(mg L’l) qe,cal- 1 r2 qe,cal_ _2 ) r2
(mgg") (h) (mgg™) (gmg”’ h')
50 17.33 5.48 0.8945 15.78 0.054 0.9739
60 19.28 11.35 0.9423 17.49 0.025 0.9549
70 21.66 15.16 0.9642 18.95 0.021 0.9754
100 g 3.5
E e 100 ppm e 100 ppm
r o 200 ppm 3.0 | © 200ppm
R v 300 ppm v 300 ppm
—~ 10¢ <
o ; ‘:c
o [ ;
E 4L £
- E 2
o C —
=2 0.1 E-
i o
001 1 1 1 1 00 | | | |
0 5 10 15 20 25 0 5 10 15 20 25
Time (h) Time (h)

Figure 6. Pseudo first order kinetics plots for RB 4 adsorption on
activated carbon at different initial concentrations and

Figure 7. Pseudo second order kinetics plots for RB 4 adsorption on
activated carbon at different initial concentrations and

298 K. 298 K.
1/2 3.5
qt = kmt + C (10) 3.0 L e 208K
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AA71A k& YA AL TEAFS(mg gl 2o, c= A o5l v 318K
olch 208 SAUY 2548 B Sl 489 2 o 20t
= Figure 8 LFEMAQLT, I ) 44 o] mhetule] e 2 15
Table 5°] YERYQIC}. Figure 8& E™ 2= 7} 298, 308, 318 ;_Z 10k
KolA 2% 712717 2709l 402 viehgeh Ay S |
Alof| glolEe & X—i%f}?ig B85 71&717F o 3719] Aol 0.0
epdth 3 WA QAL FAS S T A AL QIR |
M54, Al 1A F /ﬂ% 5214 (adsorption site)o]| A2 FEHS} 0 1 5 3 4 5 8

A0 2 Yo ZtH14]. Figure 8& W Al 5LoA 2% ¢
A& BsHA 4 d Xq F A %IO 7HHA 71717 g
2719 AAoE UBHth 1 o]f= AHAdAE 55to] AF
= YA7E SAE S5 SEAR] 9’]'*3‘:/}-4 QERHOE o]
ot AT T4to]l FAIE= HFEEER] 100 rpml 2 AY

{05 (h0'5)
Figure 8. Intraparticle diffusion plots for adsorption of RB 4 on
activated carbon at different initial temperatures.
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Table 5. Intraparticle diffusion parameters for RB 4 adsorption onto activated carbon at different temperatures

Temperature (K)
Parameter
303 313 323
kn (mgg’ t'?) 0.772 0.405 0.265
C -0.749 -0.386 -0.270
r 0.9851 0.9607 0.9850
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Table 6. Pseudo second order kinetic model parameter of RB 4 on activated carbon at different temperature at Cy : 200 ppm

Pseudo second order kinetic model

Ge.ex
Temperature (K) (mg gr:l) oo (mg £ K 2
298 14.28 15.78 0.02525 0.999
308 15.93 17.49 0.02441 0.999
318 17.45 18.95 0.02564 0.999

Table 7. Thermodynamic parameters calculated with the pseudo second order rate constant for Acid Red 66 onto activated carbon at different

temperatures

Temperature K, ; AH° ; A§° !
(K) (kJ mol™) (kJ mol™) Jmol™ K7)
298 3.730 -3.262
308 7.913 -5.297 61.08 215.78
318 17.594 -7.581

Table 55 E¥ 2 A k, gk RB 49] 7] 2&7t
Z7Ve4E 0.772 < 0405 < 0.365 =082 Z7}st=d), o]AL
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S& LA AHgote] Uehd 1301111, 7k RS2 EolA 9] &

E*J" 9 gy FEHFS A4S A3 Table 63 2t} ¥Hg
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g5t mhetu]E]E9] Gibbs AR A BIBKHAG), A"
1] #H3KAH) 2 AEZE3 WHIHAS)E th 452 °]-&5}o
AArottt. thg A5 AFHgote] A2 4T ohetulE g2
Table 70 YeRJTt.

K =— (11)

InK, =—2 - =2 (12)

tq" (gmg” hT)
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Time (h)

Figure 9. Pseudo second order kinetics plots for RB 4 adsorption
on activated carbon at different temperatures and 200

-1

mgL™.

AG=—RTInK, (13)
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