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ARTICLE INFO ABSTRACT

Kepwords A novel composite adsorbent, synthesized by Vo661
Uos6Nt AN with G-mino-4-hydroxy-2 mercaptopyrimidine based on the Schiffbase reaction and appled to remove Hg?"
g™ removal from agueous solution. The Uio-66-NHa/AHMP was characterized by Field emission scanning electron micro-

Adsorpiion performance
Chelation
Aqueous slution

scopy (FE:SEM), Xray diffractometer (XRD), Fourier transform nfrared (FTR), Xeray photoelectron spectros-
copy (XPS) and Brunner Emmet Teller (BET). The I
5 i were mecemtuly aradaced go the-srcclien esed MOF, e that he pore euched of
Uio-66-NH,/AHMP mainly contains mesopores. Subsequently, the adsorption and regencration performance of
composite Uio:66-NH AHMP were invesigated by batch experiment, the ffect of soluton pi,sorbent dos,
reaction time, inital Hg?” concentration, and coexisting metal ions on the removal performance of Hg?* were
evaluated. The pH the form of
Hg? in aqueous solution based on experimental results and zeta potential analysis. The obtained equilibrium
time and maximum adsorption capacity were 60 min and 2325 mg/g at pH 6, 298 K, respectively. The
adsorption process of Hgt* was consistent with the pscudo-second-order kinetic and the Langmuir modl. The
feslts of regeneration studies shown that the removal eficiency of 79.2 % could be obtained after four
ion cycles. Besides, cibited excellent adsorpion slectiviy for Hy'"-
ot th gt
oxygen-containing groups. This work indicaes tht the io-66-NH/AHMP has a so0d applcaton prospect in
the removal of Hy?" from aqueous soluti

1. Introduction

a great threat to public health due to their high toxicity. Toxic heavy
‘metals mainly come from volcanic eruptions, fossil fuel combustion,
chemical manufacturing, and mining [1-3]. The biological toxicity of
‘mercury has been considered to be the highest of all heavy metal ions
with non-biodegradable. According to the World Health Organization
(WHO) and the European Union (EU), the concentration of mercury in
pure water should be less than 1 ppb (4] and 1 g/L. 5], respectively.
However, global mercury emissions to aquatic systems are estimated at

adsorpton (11-13] have been usd to ackle mercury polluion. Among
them, the ads ‘method i with high
removal efficiency, uwuunmcmnlly kmnd.ly‘ and inexpensive (14].
Common adsorbents (activated carbon and resin, etc.) are limited by
stability and adsorption performance. Thus, itis of great significance to
syntesize adsorbents with large adsorption capacity and high stability.

Metal-Organic Frameworks (MOFs), a new type of adsorbent, have
aroused intensive attention due to a series of advantages such as large
sp«lﬁc surface area, high water stability, and adjustable structure
[15-17. MOFs is widely used in gas separation [15-20], sensing
1, drug loading (25,261, and heavy metal ions
9] The irconium-based MOF suc(csslully synthesized

137 t0 260 tons every year, it is urgent to treat mercury-con

wastewater. Currently, chemical precipitation (0], ion exchange (7], by Lilerud et al. sh potential for heavy metal
181, evaporation (9] [10],and  because of the excellent water stabilty (30 Uo-66- NH; composed of
"+ Comesponding o
Email addresses: 6210261 . cn (H. Wa), 62055 njs. et co, vanghongmin@ s s cn (H, Yang).
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Fabrication of Uio-66-NH; with 4,6-Diamino-2-mercaptopyrimidine k=t
facilitate the removal of Pb®* in aqueous medium: Nitrogen and sulfur act

as the main adsorption sites

Wei Ruan, Haoyun Liu, Hao Wu ", Yuan Qi, Mengchang Zhou, Changsong Zhou, Zhen Zhang,,

Hongmin Yang

School of Enrty and Mechanicl Enincering, Noing Nonal Univerisy, Noning 210042, PR China

ARTICLE INFO ABSTRACT

Kepworde Tnthis work, the

P emoal novlsdoen: (1o DMP) wa syt ot the bl af P+ I s e, Th morgh:

Aweoul eadive logcal nd strctal charaisics of UloDMP were aacirtzd by Xy diffaciomeer (G0), ot

Nierpio e et Telr GED,
s 0xs). its showed

and
pristine erystal structure and the sulfhydryl group was introduced to Zr-based MOF after chemical functionali-

ation. The adsorpion behvior of UioDMP for Pb** was investigated in diffrent conitions (sluton pi,

sorbent dose, Pb"

dsorption time,

A s , i aMGEelocgeEly vl 2068 s, I g ol el e

b m«arpum nqulhl:r(lw could be achieved ot 30 min and the ndsurpum process was consstent withthe

fate of

TLOW was mn(nl.nlmxl gty g lmnmuundnmq:lnn upmnum.\ ikl o

@ potential

m
Pb* in aqueous medium and the mmwmlmmun of adsorbents.

1. Introduction

As a major pollution source to the aquatic system, heavy metals pose
numerous threats to human lfe and health. Among all heavy metals,
trace metal lead

urgent task.
1 the pronc utle; sl i of eclogles and kot have

been applied to

exchange, clecrocogulation,chenical precpitdon, mcmbr'lnc xcpa
o

the form of Pb* [1,2]. Pb has been identified as the most harmful heavy
metal with non-biodegradable and can be accumulated continuously
through the food chain [3,1]. It i estimated that about 0.8 million tons
of

the past several years, mainly from lead-acid batteries, mining, and
metal smelting (5-7]. However, standards set by the World Health Or-
ganization (WHO) and the United States Environmental Protection
Agency (USEPA) clearly state that the maximum quantity of Pb in
drinking water is 0.01 mg/L [5] and 0.015 mg/L [9], respectively.
‘Therefore, minimizing the concentration of Pb in aqueous medium is an

* Coresponding authors.

ration, [10-15]. Among them, adsorption is regarded as
a lnn:)blc wastewater treatment method with simple operation, effi-
cient, economic, and environmental protection [19]. Traditional
adsorption materials such as activated carbon [20], zcolite [21], and
hydrogel [22] have been already widely used in the removal of heavy
metals. However, these adsorbents usually have the shortcomings of
small adsorption capacity, poor stability, and difficulty in regeneration
[23,24]. Therefore, the design or synthesis of adsorbents with excellent
adsorption performance and high stability is of |mpnmml significance
for binding heavy metals from industrial wastey

In recent years, metal-organic ramework mateias (MOFs) are

Email addresses: 62102@nju. e (H. Wa), yanghongmin@njou.edu.ca (H. Yang).
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Abstract

The remediation of heavy metal deserves to be on the agenda, with the adsorbent design bearing the brunt of it. In this study,
the molecule (4, 6-diamino-2-mercaptopy rimidine, DMP) containing thiol (-SH) and amino (-NH,) functional groups was
grafted onto Uio-66-NH,, and a composite metal-organic framework nanomaterial (Zr(NH,)-DMP) was synthesized via a
facile post-modification scheme. The morphological characteristics and structural features of the modified adsorbent were
characterized by XRD, FT-IR, FE-SEM, EDS, BET, and XPS. The characterization results verified that the post-modification
scheme was successfully achieved. The adsorption experiments were carried out to investigate the removal performance of the
Zr(NH,)-DMP towards Hg_2+ under different influencing parameters. The maximum adsorption capacity of 389.4 mg/g was
obtained, and the adsorption equilibrium was achieved within 30 min at pH 6 at room temperature. Adsorption thermodynamic
study indicated that the adsorption process was exothermic and spontaneous. The Zr(NH,)-DMP exhibited excellent selectivity
for HgH, and also has the potential to remove Cu1+, Fe”, and Zn*" ions. The introduction of C1™ inhibited the removal of
Hg* due to the formation of mercuric chlorides (removal efficiency reduced from 97.8 to 95.6%). The removal efficiency of
up to 86.7% was obtained after four cycles. The Langmuir isotherm and Pseudo-second kinetic were more suitable for fitting

tha adenrntinn nracece nl‘l—l.!1+ hy ZeiWNH W TIMP Tha main ramaval meachaniem conld he attvihintad tn tha chalatinn [RTTICTeTey

the adsorption process of Hg™" by Zr(NH,}-DMP, The main removal mechanism could be attributed to the chelation between
1 - . . - - . . . o . . "

Hg‘+ (soft acid) and nitrogen/sulfur (soft base) elements. These findings convinced that the successful synthesis of Zr(NH,)-

. + - 2 -
DMP provides an option for Hg=" removal from wastewater.

Keywords Post-modification - Nanomaterial - Hg** - Removal performance - Wastewater

Introduction

Mercury (Hg) has been considered as a highly toxic heavy
metal, which generates a series of risks to biological organs
such as the liver, skin, and kidney even at trace levels
(Bao et al. 2021). More than 2000 tons of metallic Hg are
consumed worldwide every year, which is accompanied by a
large amount of Hg emissions from coal-fired power plants,
pharmaceutical synthesis, and other industrial processes
(Liu et al. 2022; Yang et al. 2019). The fundamental form
of Hg includes particle-bound mercury (HgP), elemental

Responsible Editor: Tito Roberto Cadaval Ir

=1 Hao Wu
62 102@njnu.edu.cn

School of Energy and Mechanical Engineering,

Nanjing Normal University, Nanjing 210042,
People’s Republic of China

Published online: 28 September 2022

mercury (Hg"), and divalent mercury (I-{g1+) (Chen et al.
2021). Meanwhile, Hg1+ 1s the main form in wastewater.
Metallic Hg will enter the atmosphere and aquatic systems
through conversion and migration, such as the Hg1+ can
be reduced into Hg" and escape from wastewater, causing
environmental pollution and health problems (Waggoner
et al. 1999), Taking into account the hazard of I-Ig_zJr n
industrial wastewater, developing effective methods and
technologies to remediation Hg”" is imperative.

In previous studies, convenient techniques and
approaches (membrane separation (Chen et al. 2021),
ion exchange (Zeng et al. 202 1a), interfacial evaporation,
(Yu et al. 2020), and adsorption (Peng et al. 2020)) have
been employed to address metal pollution in wastewater.
Owing to the superiorities of the low cost of investment,
easy control, and no secondary pollution, the adsorption
method earns special consideration for removing Hg>*-
containing contaminants (Awual 2017; Kokkinos et al.
2017). However, traditional adsorption materials have

@ Springer
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