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Abstract : The purpose of this study was to investigate the adsorption efficiency, adsorption kinetics and
isotherm of tetracycline adsorption by the type of adsorbent materials, particle size, and dosage. The batch
test was performed for all experiments, and zeolite, coconut-based and coal-based activated carbon were
used as adsorbents. The ranges of particle sizes of all adsorbents were prepared from 850 to 250 xm
and 250 to 75 um. The adsorption efficiency was higher in the order of coal-based, coconut-based, and
zeolite. Furthermore, the adsorption was proportional to the dosage and inversely proportional to the
particle size. The results of kinetic and isotherm of adsorption reaction indicated that the most of
adsorption reaction of coal-based activated carbon and zeolite were physical-adsorption. At the same time,
the reaction of coconut-based activated carbon had the higher proportion of chemical-adsorption compared
to the other adsorbents. These results implied that the study of adsorption characteristics based on the

various material of adsorbents is inquired.
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2.1 Alet % A8 Tz
E AFdA AEE FEAAE oA BA4Y
(DY Carbon Corp., Korea)® 23 €HA] 24 EH(Calgon
Carbon Corp., USA), A|-&2}o] E(Daejeong, Korea)
olH, o] AL A 83t Ho] A
st EdolBR, HRHAe V&Y SAHARE
Fz3t] Table 19 AASAT AP A 2&EF
2 A" 3 105ColA 2443 Ax3 F B 2
AAEFRLH, Aol AL FARAL] dA=
71 850~250 xme} 250~75 umZz ST
FANFEAS] HEFGACIEFHL €5 99%9
Alfa Aesar (USA) A AlFS AHE3toH, B ED
Aol E¥l &2 HCI3} NaOH &2 ©]83tq
pH 7.0+0.28] ML =E 3t A3 2ol A =z3tA T

Table 1 Surface area of the adsorbents



Surface area
Ref.
(mg) ©
Coconut 18)
AC 1111 Arbab et al.
Coal AC 1100 Son et al.'”
Zeolite 209 Mendoza et al.2”

71} AleFS Junsei(Japan)Aboll A A%
A3t om, 55 o4 AlkS

@ Aore
gt

FHAAE B T L4z 25C 9
A5 150 rppm .2 wHFEF THFig. 1).
AZE A E ARE AFT & ZhE
02 um A¥A TE (Hyundai, Korea)Z oJI}3}
a1, UV-vis spectrometer (DR 5000, HACH)Z ©]-&

@l Adsorbent

100mL
Erlenmeyer
flask

N

30 mgT
Tetracycline
solution (30mL)

-y

&l 356 nm N A ZA 8T
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A& BlEg Aol Ed 9 =9 24 ()& ©] &35t
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1. Put the absorbent into the tetracycline
solution and cover the flask

2. Set the water temperature to 25°C and mix the
solutions with 150rpm using the water bath shaleer

02 pm
Nylon filter

=

3. Filter with 0.2 ym
Nylon filter

4. Measure with 356nm

using UV-vis spectrometer

Fig. 1 Diagram for experimental procedure
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Fig. 2 Effect of type of adsorbents and dose on the adsorption of tetracycline (A: 850~250 um,

B: 250~75 um)
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Table 2 Parameters of pseudo-first and pseudo-second order kinetic models for adsorption of tetracycline by

coconut and coal based activated carbons and zeolite

pseudo-first order pseudo-second order
size W 2
Q. eXp e, cal kl e, cal
(m) | (me) mee) | (o0miny | X | (mge | 0 R
ge ’ ge mg/g-min)
850 ~ | 50 | 24.04 | 2652 1.60 0.9956 | 28.90 0.10 0.9519
Coconut | 2°0 | 100 | 19.82 | 20.36 2.43 0.9944 | 21.74 0.23 0.9777
AC 250 ~ | 50 | 4039 | 40.64 3.29 0.9938 | 41.67 0.33 0.9936
75 100 | 2513 | 25.14 5.57 0.9384 | 25.58 2.00 0.9997
850 ~ | 50 | 49.11 | 49.40 3.52 0.9976 | 57.47 0.08 0.9853
Coal 250 | 100 | 2498 | 25.05 4.61 0.7580 | 25.58 1.40 0.9997
AC 250 ~ | 50 | 50.09 | 50.48 3.67 0.5638 | 51.02 1.00 0.9996
75 100 | 2513 | 25.19 4.02 0.4089 | 25.19 2.17 1.000
850 ~ | 50 9.81 9.92 2.78 0.9408 | 10.00 1.40 0.9847
, 250 100 | 9.19 9.51 2.13 0.9830 | 9.37 1.10 0.9808
Zeolite
250 ~ | 50 | 1327 | 13.43 2.54 0.9612 | 1321 2.50 0.9908
75 100 | 1169 | 11.84 2.53 0.9551 | 11.64 2.50 0.9906
SHAAHZOYX| K243 FH6Z, 2020 128 29



223 e st HIEZIAOIZE 3 EH A7
Table 3 Parameters of Langmuir and Freundlich isotherm models for adsorption of tetracycline by coconut and
coal based activated carbons and zeolite
Absorbent Langmuir model Freundlich model
size Qo b ) )
e amount R K, n R
oP um) | (mgg) | (Limg) ‘
t
C";"Cnu 50 mg | 250 ~ 75 | 654 0.4 0.9938 47.1 14 0.7741
Zeolite 50 mg 250 ~ 75 10.7 0.05 0.6693 7 4.78 0.8976
850 ~
CoalAC 10 mg 250 116.2 0.16 0.9397 32.6 2.98 0.9577
(B)
4 o Coconut AC(0.1g)
o ----- Coal AC(0.1g)
Zeolite(0.1g)
[m] Coconut AC(0.05g)
44 O ----- Coal AC(0.05g)
o Zeolite(0.05g)
0 500 1000 1500 0 500 1000 1500
Time (min) Time (min)
4 (D)
7 [m] Coconut AC(0.1g)
O ----- Coal AC(0.1g)
O e Zeolite(0.1g)
o
o
..O
1500

T
1000

T
500
Time (min)

0

[m] Coconut AC(0.05g)
————— Coal AC(0.05g)
O - Zeolite(0.05g)
1500
Fig. 3 Plots of pseudo-first-order kinetic model for tetracycline adsorption (A-B: 850~250 pm, C-D

T
1000

T
500
Time (min)

250~75 um)
YR 243 A6z, 2020 12¢
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850~250 um 7|2 50 mgs T3t AHIA
o, MetA E4eS UmA] FRAe| Bl F
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R A FAFEE o] &3 HEZHA|ZFH T
&2 A3= Fig. 59 2o M, Langmuir 299 R?
£ 0.9938, Freundlich =22] R*= 0.7741 2, okAk

200
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1O e Zeolite(0.1g) _
150 - e

0 500 1000 1500
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200
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0 500 1000 1500
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Fig. 4 Plots of pseudo-second-order kinetic model for tetracycline adsorption (A-B: 850~250 um, C-D:

250~75 um)
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70

Coconut AC(250 ~ 75 ym, 0.05g)
Langmuir
fffff Freundlich

oOt+—————T—7T 7T T 1
o 5 10 15 20 25 30 35 40

Ce (mg/L)
Fig. 5 Equilibrium adsorption isotherm of tetracycline

by coconut-based activated carbon

20

Zeolite(250 ~ 75 pm, 0.05g)

—— Langmuir
fffff Freundlich
0 T T T T T T T T
0 20 40 60 80
Ce (mg/L)

Fig. 6 Equilibrium adsorption isotherm of tetracycline

by zeolite
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CoalAC(850 ~ 250 ym, 0.01g)
150 4 —— Langmuir
fffff Freundlich

£ 100

Qe (mg/g)

50 /7

Ce (mg/L)

Fig. 7 Equilibrium adsorption isotherm of tetracycline
by coal-based activated carbon
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