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Adsorption Characteristics of Organic Pollutants from Aqueous
Solution Using Zirconium Based Metal Organic Framework UiO-66

Sangjo Jeong’

Department of Civil Engineering and Environmental Science, Korea Military Academy, Seoul 01805, Korea

Abstract

The adsorption characteristics of zirconium-based metal organic framework (UiO-66) for the removal of representative
organic pollutants commonly found in aquatic environments were investigated. Amoxicillin (AMX), naphthalene (NAP), and
trichloroethylene (TCE) were selected as model contaminants. UiO-66 was synthesized using a solvothermal method, and its
structural properties were evaluated based on BET surface area measurements and FT-IR analysis. Batch adsorption
experiments were conducted to evaluate the kinetic models and equilibrium isotherms. Kinetic experiments showed that the
initial rate of adsorption of NAP onto UiO-66 was the highest, whereas AMX required a longer time to reach equilibrium
because of its relatively larger molecular size. TCE adsorption showed the lowest overall uptake. The fitting of the
experimental data indicated that the pseudo-second-order model provided a better description of NAP and TCE adsorption,
whereas the pseudo-first-order model provided a better description of AMX adsorption. The Langmuir and Freundlich
isotherms revealed that UiO-66 exhibited the highest adsorption capacity for AMX, followed by NAP and TCE. The FT-IR
spectra indicated that hydrogen bonding and ionic interactions contributed to the adsorption of AMX and TCE, whereas 7—r
interactions between NAP and the aromatic ligands of UiO-66 enhanced NAP uptake. Overall, these findings indicate that the
selective adsorption behavior of UiO-66 depends on the pollutant solubility, polarity, and functional groups. These results
demonstrate the potential of UiO-66 as a sustainable adsorbent for water purification; however, further studies under
realistic environmental conditions are required.

Key words : Metal organic frameworks, UiO-66, Adsorption, Amoxicillin, Naphthalene, Trichloroethylene

AT AFAEe} T AIS= A 0 2 TRkt & olEet AL HEELLS =2 T ]/\1L B A ?L“
71 9 77] e d=49 §4E 2ok, ol +E 2 A L] 73l AF AR fFo] =, B2 s Ax
Q) 7o Qglolch, 53, 4% s, 49 S ol AR = A ABEE 5L o) Qe Auae

Received 7 July, 2025; Revised 14 September, 2025; © The Korean Environmental Sciences Society. All rights reserved.
Accepted 13 October, 2025 €C This is an Open-Access article distributed under the terms of the

*Corresponding author : Sangjo Jeong, Department of Civil Engineering ~ Creative Commons Attribution Non-Commercial License

and Environmental Science, Korea Military Academy, Seoul 01805,  (http://creativecommons.org/licenses/by-nc/3.0) which permits
Korea unrestricted non-commercial use, distribution, and reproduction
Phone : +82-2-2197-2960 in any medium, provided the original work is properly cited.
E-mail : sangjo.jeong@gmail.com


https://crossmark.crossref.org/dialog/?doi=10.5322/JESI.2025.34.10.563&domain=https://journal.kenss.or.kr/&uri_scheme=http:&cm_version=v1.5

564

ox
N

A|5kA717] w2l Al&star AR Q1 AlA 7)< A
o] a7H

A7 9 4Gl Wol AHEEE ofEAIA ™
(Amoxicillin, AMX), WZ%3 (Naphthalene,
NAP), Eg|EZ 2o g2 (Trichloroethylene, TCE)<
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AMX2 3491 A= LA Aol Zol A=
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% Sz tii2 SEHE9 AR 54 oA DAY E
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Table 1. The physical and chemical properties of adsorbates

Molecular weight

Water solubility ~ Collision cross

Adsorbates Chemical formula (e/mo)) Log Kow (mg/L) section (nm?)
Amoxicillin’ Ci6H1oN3058 365.4 0.87 2,703 1.92
Naphthalene” CioHs 128.2 3.30 31 1.20
Trichloroethylene’ CHCl 1314 2.61 1,280 1.17"
" National Library of Medicine, 2025, https://pubchem.ncbi.nlm.nih.gov
" Universite du Luxembourg, 2025, https://pubchemlite.lcsb.uni.lu
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Fig. 1. (a) Differential pore volume distribution and (b) cumulative pore volume distribution of UiO-66.
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2. Sorption kinetics of Amoxicillin, Naphthalene, and Trichloroethylene on UiO-66.
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AMXo] A& Holil NAP¥ TCEE #
ARRE 0] 2he 7k YrEpiT AMXS COOH, OH
Y 8718 EREeRH TS WY, TCE= A4
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Liu et al., 2020).
A& 7HA A et

Ui0-66 (ZrsO4OH)4(CsHs04)s)> ZrsO4(OH)s
ot 6709 " ZEAT (CsH404%) BZF=7t Adtst
o TEojAtHKatz et al., 2013). A@AAA Azt
UiO-66= BET HIEWZo] 1,707 m*/g, Horvath
Kawazoe (H-K) HAlog A4t o =51+
0.644 cm?/golth. Fig. 12 UiO-662] 3= Hu] B
£ UEhich H-K A0 2 ARt 39 £20.33
~1.5 nmof BE5}H, oF 50%°] 3= Fo7t 35 &
©] 0.33~0.55 nm¢&! F7tol| EE3tet,
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Fig. 25 & ZollA Ui0-66°1 it AMX, NAP,
TCE®] &2 -3 £ & Brlolr] Slef 59s A
APt aL, A7kl W2 C/Co sk UEFH ST o
2vh= 23] §HE A9l o] BE WAE YeRdit)

AMX, NAP, TCE®] Z7|'5&=(Co)E SallE=e} B4
o] gol4d& ste] oF 15, 12, 3 ppmo2 247}
ottt AMX, NAP, TCE &2 <ls &
UiO-66+= 22+ ¢F 0.05, 0.035, 0.1ge]2ith. A%
S4A Uio-66% S2E4S 747t 40 mL 2
Flste] WHISkA, 240, 480, 720, 1440, 2880
1} o] sfFdoh= AlmE A Fste] EAst. o]
2k A7 Ao dast g8 HHE golot] ¢
Ui0-662] Y4EE o] A8 5= 2417+ 233ict,
st A A3 NAPT TCEE 8417 o o]l &2t
o] gtm g Ao Holx|gh AMX2 F2RHS ¢
Qs 27141 Alzte] " g sttt 22 27]7%
E4L2 3717 22 SHEE div] ¥y mesh=d]
W2 Aol A9 E T, g2 Al nlA] 7]go] tigh 2pg
27 (blockage effect)® & o] Z4sH T gtk
(Liu et al., 2021).
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order)®@ FAF 22} ¥H&(pseudo second order) 2
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1898; Kim et al., 2017; Wang and Guo, 2020).

In (qe—qt) — ln%_kadt ............................. (2)
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Fig. 37} Table 2= A@A}e} o2 E A4td
Kad, Qe, R*E UERATE A IS A 12} BHSS
Ao A1 wf, k,q #-& NAPO] 1.6% 107 min'2
2 TCE2 9.8x107 min™!, AMX®] 8.5%107 min™
Htt 1.6~1.89 A Yebdth q. @2 AMXO]
15,184 pg/g, NAP©] 7,259 ng/g, 12|31 TCE7} 214
ng/gS 2 AMX9| q. @l TCEY q. &t Bt <F 714)
A YeRgTh R%2 AMX©] 0.962.2 71 27 Ye}
W, NAPT TCE-=2 72} 0.787 0.67 % WFEFLTE.
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¢ 1 t
2 = 5 F e e (3)
4t k2 d. e

A7IA, ko= FAF 22 BHS S A4 (g/ g min)E
o] gtct,

Table 29} Fig. 4= &2 A8 Aot olF 44 22t
WS Rl 245 Ak Jeholct A At
£ FAF 22 eSO HEA1Z o, k, 3H-2 TCEZ}
2.0x107 g/pg-min 7F¥ 31 NAP©] 8.0x 107 g/u
g'min, AMX®] 9.9x10°® g/pg'min 2 HZ o]
TCE®] ka2 AMX©] kgt thH] oF 20288 A Vet
Wt qe 3 AMX©| 17,857 pg/gl 2 7H4 A1,
NAP+= 10,000 pg/g, 183 TCEE 341 pg/go =2
bttt AMX9] q. 32 TCEQ] q. % tH] 2F 5260
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Table 2. The first and second order rate constants of the sorption kinetics

adsorbates kaa(min™) qe(1g/e) R? ke (g/pg ‘min) qe(ug/g) R? h (zg/g min)
Amoxicillin 8.5x107 15,184 0.96 9.9x107® 17,857 0.93 31.49
Naphthalene 1.6x107 7,259 0.78 8.0x1077 10,000 0.99 79.81
Trichloroethylene 9.8x107* 214 0.67 2.0x107 341 0.98 2.33
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Fig. 3. Pseudo first order kinetics of Amoxicillin, Naphthalene, and Trichloroethylene on UiO-66.
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Fig. 4. Pseudo second order kinetics of Amoxicillin, Naphthalene, and Trichloroethylene on UiO-66.
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changes of q in an aqueous system.

3A Jetth oA o] E2RE 27 &S hp
g/g- min)= A (4)E B3l 7+ 4 Ath(Na and Park,
2011)

ARET} 27] 282 NAP7F 79.81 ug/g min
2 7V 33, AMX7} 31.49 pg/gr min, 181 TCE
7} 2.33 pug/g minl 2 7P Attt R? 7S AMX2
0.9302 FAF 12} RES-& T BEll Kot ohA W9k ot
NAP} TCES] R* #k-2 0.98 o/F .2 AL 12} ¥h-g<5
T 2d By =74 yebgth Fig. 5& Al oE
UiO-66 &%) A o S2tsl= S22 4o A3 2
I BT A IAHEAD) 2 22HAAD) B 2d A
-5 vepdtt,

W02 B A5 SLER AP0l B
o =Fele W SLEAYCR BRI Na and
Park, 2011). & 9] AMX, NAP, TCE9] UiO-66°ll

LS = R |

Freundlich 5-2524-& 285t BHrlstart.

O3 5252 A3 AV Langmuir 528247}

[
Langmuir 5284418 SAAIeH S22 Aol o]
9RAE BEHL Agctnl 4 (5)9 Zo| m@H

(Kam and Lee, 2018; Lee et al., 2022).

A7 qn 2 | S me/g), KL 2 Langmuir
A4(L/mgE 9uigitt. § S2gd4S Age=r
W5 2] (6) 2o,

q. A K L dm

o|ZHE q, K., 12 R? g AT 5 glon,
B 49 A7H= Table 301 EAISAH.

Freundlich 525242 S&A¢t 2= Ao
]_

o] thEAlE F2-L Anatel 4] (7)7F Zol 71&Hh,
1
q, = KF Ce” .................................................... (7)

714 Kr (mg/g)(L/mg)"™ )2} 1/ne %‘— 52t
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isotherm model.

Table 3. The Freundlich and Langmuir isotherm model for adsorption of Amoxicillin, Naphthalene, Trichloroethylene on

UiO-66 in water

Freundlich isotherm

Langmuir isotherm

adsorbates log K¢

(mg/g)(L/mg)l/“ 1/n R? Qmax (mg/g) K (L/mg) R?
Amoxicillin 0.900 0.332 0.69 54.139 0.034 0.85
Naphthalene 0.832 0.504 0.96 28.079 0.274 0.85
Trichloroethylene -1.143 0.410 0.90 0.108 4.725 0.73

logg, = logKr + %logCe

Fig. 62 = 42| AMX, NAP, TCE€] UiO-66°]
St 52 299 Freundlich 52824 J82s
Aol Atz A4 Ky, 1/n, 121 R?

A3H= Table 30 FAISHAT
Freundlich 5252 B4 4844+ NAP2H TCE
7t 232} 0.963 0.902.2 Langmuir 5222 =@ A
TAS= 0.85¢F 0.73 Hot =7 UelsT) sERITE AMX
9] Freundlich 52&& ¥ J8AITE 0.692A4
2 e A 4= 0.85 Bt 2ot

Langmuir 5252}
Ui0-669] &2 Freundlich 5282 29

log Ke= HIZA] AMX7}0.900 (mg/g)(L/mg)/" o2
7V =3 NAPe] 0.832 (mg/g)(L/mg"?, a1
TCE7} -1.143 (mg/g)(L/mg) /"2 & F& o]t &
2 S e 1/n 2 25 0.332~0.504 AFo]2
F&o] F o] R0l 17to| EASHHHKim et al.,
2017). Ui0-669] 22 Langmuir 5252 gl
Qmax BILA] AMX7}54.139 mg/g 2 2 713 .31 NAP
0] 28.079 mg/g, Z18]1 TCE7}0.108mg/go & HE
o] it

AMXo] UiO-66°1 gt F2=ke] 7k 2 ol
Kow 7F 7V 231, 2o digt 8sl=rt 7 A,
UiO-669t 238 thafst 24-87]15 2t 97 &
Ao 2 WA=ty NAP2 UiO-669F 283 287

S
2H =2 7170

i ro
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{c} Trichloroethylene adsorbed on LiQ-66
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Fig. 7. Fourier Transform Infrared Spectrum of (a) UiO-66 before and after adsorption of (b) Naphthalene,
(c) Trichloroethylene, and (d) Amoxicillin in water, respectively.
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