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Abstract

In this study, nitrogen plasma treatment was performed in 5, 10, and 15 minutes to improve the tetracycline adsorption per-
formance of activated carbon. All nitrogen plasma-treated activated carbons showed improved tetracycline adsorption com-
pared to untreated activated carbons. The nitrogen functional groups in activated carbon lead to chemisorption with tetracycline
via 7-7 interactions and hydrogen bonding. In particular, in the nitrogen plasma treatment at 80 W and 50 kHz, the acti-
vated carbon treated for 10 minutes had the best adsorption performance. At this time, the nitrogen content on the surface
of the activated carbon was 2.03% and the specific surface area increased to 1,483 m%/g. As a result, nitrogen plasma treat-
ment of activated carbon improved its physical and chemical adsorption capabilities. In addition, since the adsorption ex-
perimental results were in good agreement with the Langmuir isotherm and pseudo-second order model, it was determined
that the adsorption of tetracycline on the nitrogen plasma-treated activated carbon was dominated by chemical adsorption
through a monolayer. As a result, nitrogen plasma-treated activated carbon can be used as an adsorbent to efficiently remove
tetracycline from water due to the synergistic effect of physical adsorption and proactive chemical adsorption.
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Table 1. XPS Analysis of ACs with Nitrogen Plasma Untreated and
Treated

Elemental content (atomic %)

Samples N/C ratio
Cls Ols Nls
AC 87.05 12.95 - -
AC-N5 88.30 10.24 1.46 1.65
AC-N10 88.86 9.11 2.03 2.28
AC-N15 87.16 9.72 3.12 3.58
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Table 2. N1s Peak Components of Nitrogen Plasma Treated ACs

Concentration (%)

Samples
Pyridinic Amine Pyrrolic Graphitic
AC-N5 25.74 27.16 23.11 23.99
AC-N10 26.84 22.55 23.73 26.88
AC-N15 2323 33.02 24.09 19.66
(a) —— pyridinic

amine

—— pyrrolic
graphitic

Intensity (a.u.)

406 404 402 400 398 396 394
Binding energy (eV)
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Figure 1. N1s XPS spectra of (a) AC-N5, (b) AC-N10 and (c) AC-
N15.
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Figure 2. (a) Nitrogen isotherms at 77 K, (b) pore size distribution of untreated and nitrogen plasma treated ACs.

Table 3. Pore Structure of ACs according to Nitrogen Plasma Treatment

Samples Specific surface area

Total pore volume®

Micropore volume® Mesopore volume’ Average pore size®

(m’/g) (cm’/g) (cm’/g) (cm’/g) (nm)

AC 1,402.50 0.65 0.52 0.12 421
AC-N5 1,459.31 0.71 0.56 0.13 4.15
AC-N10 1,483.07 0.75 0.59 0.14 4.23
AC-N15 1,381.51 0.67 0.50 0.15 431

 Calculated by Brunauer-Emmett-Teller (BET) equation
¢ Calculated by t-plot method
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Figure 3. Tetracycline adsorbs properties (a) at different concentrations
and (b) at different times.
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Figure 5. Adsorption mechanism between tetracycline and nitrogen
plasma treated activated carbon.

W o, SEEY JRlR Ede HEddolgud EAshs
'OH7] 94"04 '{[:i @61:}—% %3}0:] §]_§-_‘]— _}‘%‘_ 0 ;ﬂggé__}ﬂ:}
A2 Zakzu)l 28k @49 HETRAo|EE T2k AES o

=3}7] 9sle] FHL Ay TAEAAS B oz A As A
shoith WA, Aa ekl Aelg BYTLg) HEAlE 1)
T3 AsE AP flete] S25HAE A¥E Langmuir 213
Freundlich 2lol| A48} Z4z}ko] A58 w313t}

0= qumq (2)

¢ 1+k,C,

1

q. = kchen (3)
4 Q% O ¢ & BUL] FHE HEepel2Ue 33 F
A& mg/g)elth. k& SR el ¥ Langmuir %<H(L/mg) =,

ﬂﬁfé | ol dddt g,
TE(mg/L)°lt. ko

huel 852 82043 2214 dpls)

HUF 2 ¥ mg/g), C.v

259 #1931 Freundlich *H—(L/mg) e FHAREE Uehy=
TR deltt. kb 245 FAse] 5 vlshd, BEAl
F(lmE F23789 A¢ds vehks 2otk 0 < Im < 19 1

919 W 5% $790) AFHehn o} A%Ie Langmuir A& FA )



A Edzvh Al GRS o83

100 1 N =
A_~Z
80 1 ~id
~
~ s
4
20 6o
o 7
E 4
™= A ACN10
o 401 Langmuir fitting curve
= V. R'=0.992
204 ¥4 — — Freundlich fitting curve
4 R’=0.972
/
0 T = T T
0 30 90 120 150 180
C (ppm)

Figure 6. Langmuir and Freundlich isotherm for tetracycline on AC-
N10.
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Figure 7. Pseudo first order and pseudo second order model for
tetracycline on AC-N10.

Table 5. Kinetic Model Parameters of Pseudo First Order and Pseudo
Second Order Model for AC-N10

Parameters Kinetic models AC-N10
Qe 82.277
Pseudo first order ki 0.020
R? 0.957
Qe 87.415
Pseudo second order ka 3.210*
R? 0.992
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