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SERZL, IR A AR (>99.999%) #HATI & . R
FHLTHMEREIL (Nicolet 5700, 35 ) SR A [RIFE 5 4
AR LTSRS (FTIR), HA R Ky d4em™, 3
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200nm

EHT=5.00 kV  Signal=SE2 Date: 16 Jun 2022 [
WD=7.9 mm ___ Mag=30.00 KX Time: 10:17:26

100nm

EHT=5.00 kV Signal A=SE2  Data: 16 Jun 2022 [
WD=7.9 mm __ Mag=50.00 KX Time: 10:14:56

Ell TpTU@CS ) SEM Elf%: (a) 200nm RIEIESL; (b) 100nm RJEIEH
Fig. 1 SEM images of TpTU@CS: (a) 200nm morphology; (b) 100nm morphology.
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B2 (a) TpTU il TpTU@CS MHEERM-ZEHLLAMERS; (b) TpTU Fl TpTU@CS M X SFERATHH 5 Hish 51
Fig.2 (a) Fourier transform infrared spectra of TpTU and TpTU@CS; (b) X-ray diffraction spectra of TpTU and TpTU@CS.
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AT RHEA N FLEEK) . TpTU@CS 1% BET R mif
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JOT TSI TR B 7 A ) B S e, (A RHE T
W B 25 o B 4 S I, B8 T bR i o6 e 3 0 HAT ik
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E3  (a) TPTU@CS W N, BB s itk (b) TpTU@CS IFLIE S A1
Fig. 3 (a) N, adsorption-desorption analysis curves of TpTU@CS; (b) Aperture distribution of TpTU@CS.
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Fig. 4 (a) Fitting results of Langmuir model and Freundlich model; (b) Fitting results of pseudo-first-order kinetics model and pseudo-

second-order kinetics model.
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2 O, F/R TpTU FEMF ] ¢ b Hg((T1) (5% Bff 2%
i (mg/g); O, Fn TpTU FEIZIR T 1 F- i I ff 75
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F 1 TpTU@CS X Hg(II) MM IR EAz 1 Al a 85 R (25°C)
Table 1 ~ Adsorption isotherms and kinetic fitting results of TpTU@CS adsorption on Hg(1I) at 25°C.
Freundlich M JfA5i 5 Langmuir % ffpA5 751
W2 45 2k n Ki(mg/g) R O, (mg/g) K; (L/mg) R
3.704 249.21 0.9659 227.52 0.79 0.9033
P —G gl Iy 2R =G gl 2
W 3l 1 ki (min”") 0. (mg/g) IS k [¢/(mg-min)] 0.(mg/g) IS
0.39 189.72 0.9938 0.003 202.53 0.9868
2.4 TpTU@CS X Hg(I1) W B 14 =6 & £ Jl P fn 50+ B
ﬁ**ﬂf 40 +
{67 FH R R R Ak B9 B IR W, 5 %8 T TpTU@CS <
HUICERCR R e ¢ o AL R el S L ) g 0T
He( 1) BB HEREAE 90% LA I, 1 W bt iod P2 X o0 |
ARy, HOFT A B AORERA R G AR E T n]
10 +
SAEAYE . I, TpTU@CS 2 —Ff ] (A R 56 4 e
FIRUREFR . [, ZERIIRHIE N 10mg/LE Mg(1D). o 15 I e [ o o 0
Cr(I), Mn(T). Co(Tl). Ni(Il). Cu(Tl). Zn(II). SEESES SO SE
Cd(TT). Pb(IT) Fil He(IT) ke, BF9C T TpTU e
i u . 7N N ‘lilﬁ % o 7N ’ Ny,
X Hg( ) Wz B 2 B i o B6 0 o &1 5 R Hls TpTU-CS IMRHHEFEE

TpTU@CS *F Hg(11) ft W B i 22 B ik ey T oAt 25
T, Bl FIAEE T AL, 5 He(T) 7= A sa 4 I b,
PRI G BRI A i T e
2.5 TpTU@CS EBESEZRR/KEEH Hg(I1) ZBRECR
¥ TpTU@CS i T 4k B S BR K KR . % & %
Hg(T) AIREAEAE T HAR BRI AR, HOAS[RIZK A4
[ HEEFARER A T ANE . B IL, i T B AR KA
T B T N T SRAG ML o 0 B % 2 75 A7 7 S
A3 HIRAE TEK . K B K =Rk Sl o PR AE
(AR S 20 3 A5 — B WA VR FE Y Hg (1), X R 1 vk J3E
39K 0.6, 6.6 Al 9.6ug/L, 7E1Z/KFFHA F, Hin
15 9T DA AT 2o 2 Bk B A BRI E] 100%. [F]
BF, R T 20 B UE T R TR B VS AR L AR R
FHBSCR, FEARRAE S EAT T AST) o B X s 52 5 .
2L, KT 1, 2, Smg/L #Y He(I) 15 ekt

2 TpTU@CS AEBRIRRAR R He(1D) BIMRIRSCR

Fig. 5 Adsorption selectivity of TpTU-CS.

i, He( 1) EBRRATRAFAE 77.0% ~ 83.7% 2 [a], IE
ST i & TpTU@CS B A M SEBR K BE 25
Hg( 1) AEHE ST .

5 H AR AR L, TpTU@CS X5 T Hg( 1) AL
BE 25 (249.21mg/g) &b T Hp b /K, s B kA AL
A S-CXAP (19 W 25 5y 278mg/g 3, B A
1& i 19 53 MOF (Zr-DMBD) 1 W [ %5 &
171.5mg/g 27, WUR I HEAT B AL D RE AL P 55 b1 6
I B 5 255mg/g 107

3 iig
3.1 TpTU@CS * Hg(IT) WIS ERHLEL i
J T 85 TpTU@CS 5 Hg(11) =22 f&] Af

Table 2 Adsorption effect of Hg(II) in real water samples pretreated by TpTU@CS.

Hg(I1) bk Hg( 1) it B Hg( 1) finbrik g
Skt Hg(1I) e Hg(T) Z:B% (1mg/L) (2mg/L) (5mg/L)
(ug/L) (%) PGS RSD PGS RSD PRGN RSD
(%) (n=3) (%) (n=3) (%) (n=3)
K 0.64 100.0 83.4 0.51 83.7 1.56 78.7 1.19
WK 6.61 100.0 77.4 0.83 81.5 1.18 77.0 1.33
K 9.72 100.0 78.6 1.19 79.8 1.29 78.9 0.62
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HRLLE, 55 ZALALRGY/ TR SR H] 8 BT He(11) W HMHERERSE

543 4%

RE Y W B LI, T ZE T TpTU@CS W BT 14185 43
iR XPS 1%, N 6 A 7 s . ARAE BT T
MR R 5341, Hg(11) e Al Beg TpTU@CS H i)
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Table 3 Comparison of removal effects of Hg(II) pretreated with different adsorbents.

X Hg( 1) W fi 4 12

W 55 T 24 1) W R A2 ik 225 3k
(mg/g)
etk AL AC 909 1371
CAC 167 [37]
IK BRI SeCA-GH 168 [38]
SR Fe;0,@Si0,@HKUST-1/Bi-I 264 [39]
Zr-MOF 282 [15]
, MSCTEF-1 221 [24]
RO Fe;0,/M-COFs 101.2 [40]
HAERE TpTU@CS 249.2 AT AE
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Facile Synthesis of Porous Organic Polymer/Chitosan Composites and the
Removal Effect of Hg(1I)

SHEN Rujia'*, XU Naicen'?*, SHI Lei'?, HUANG Haibo'*, CHEN Haiying'?, ZHANG Jing'?,
SHEN Jialin'**, LI Hualing'*", CHEN Yali**
(1. Nanjing Center, China Geological Survey; East China Geological Science and Technology Innovation Center,
Nanjing 210016, China;
2. Huaihe River Basin Joint Laboratory of Natural Resources and Ecological Environment Science, Nanjing
210016, China;

3. Huaihe Valley Ecology and Environment Administration, Ministry of Ecology and Environment, Benbu 233060,
China)

HIGHLIGHTS

(1) Based on the Schiff base reaction, element-doped porous organic polymers can be synthesized quickly and easily
by the mechanical grinding method.

(2) For TpTU@CS, the main mechanism of capturing Hg(II') is the bonding between S and Hg in C=S and the
coordination interaction between C—N and Hg( Il ).

(3) In the range of pH=2-7, the adsorption properties of Hg( Il ) are less affected by pH, and the three forms of
Hg( 1) including Hg*", Hg(OH)" and Hg(OH), are favorable for adsorption.
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ABSTRACT: Specific porous structures and heteroatom-doped adsorbents have great importance in improving the
adsorption performance of heavy metal ions. Traditional porous organic polymer materials are mostly synthesized in
solvents in the form of powder, so it is significant to develop a highly efficient adsorption material and apply it to
the adsorption and removal of Hg(Il). In the research, S-doped porous organic polymer (TpTU) and chitosan (CS)
composites TpTU@CS were prepared by using 1,3,5-trialaldehyde phloroglucinol (Tp) and thiourea (TU) by a
simple and rapid mechanical grinding method. The TpTU@CS composites were characterized by X-ray diffraction
spectroscopy, N, adsorption-desorption, scanning electron microscope and Fourier transform infrared spectroscopy.
Due to the introduction of the —C=S— group into the molecular network, the synthesized TpTU@CS has high
adsorption selectivity and affinity for Hg(II) in aqueous solution, with high adsorption capacity (249.21mg/g) and
fast adsorption kinetics (10min). Through the characterization analysis, it is concluded that the main mechanism of
trapping Hg(II) by TpTU@CS is the bonding between S and Hg in C=S and the coordination interaction between
C—N and Hg( I ). Meanwhile, the composite TpTU@CS has a high removal capacity (77.0%—100.0%) of Hg(1I)
for both the actual samples and the marked samples. The BRIEF REPORT is available for this paper
athttp://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykes.202211170219.

KEY WORDS: porous organic polymer; composite microsphere; mercury; structural characterization; adsorption

property; X-ray photoelectron spectroscopy

BRIEF REPORT

Significance: Heavy metal pollution has caused great losses to national health and economic development.
Mercury(Hg) is one of the most toxic heavy metal pollutants!'’. It easily accumulates in the human body and can
cause birth defects, brain damage and other diseases in humans and animals. Adsorption method is one of the more
convenient and low-cost methods for Hg( I ) removal, but the adsorption capacity of traditional adsorbent materials
is low, and ineffective in practical application. Therefore, it is crucial to develop new materials with high affinity
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and adsorption properties for Hg( Il ). Porous organic polymers (POPs) are emerging materials. In recent years,
POPs based adsorbents have been increasingly used to remove harmful substances™™™. The inclusion of functional
groups (e.g. “NH,, —SH) in the synthesis of POPs adsorbents can enhance their affinity and selectivity for metal
ions!*?!. However, POPs commonly direct synthesis by a bottom-up method using monomers containing hybrid
elements, which has the disadvantage that functional groups can be damaged during the reaction process. In the
research, based on the Schiff base reaction theory of tautomerism of enol-ketone, a novel C=S functionalized POPs
material was developed by a green preparation method of mechanical grinding, which was then integrated into a
microsphere with chitosan. The rich free -NH, and —OH functional groups in chitosan interacts with various organic
groups to form a three-dimensional network with good stability. In addition, the highly ordered
microporous/mesoporous structure of the novel materials is conducive to the diffusion of adsorbed substances and
exposure of active sites, thus improving the mass transfer efficiency.

Methods: A S-doped porous organic polymer and chitosan composite material TpTU@CS was prepared by
adopting green strategy. 34.2mg thiourea and 530.3mg p-toluenesulfonic acid were ground in agate mortar for Smin.
After grinding evenly, 63.1mg 1,3,5-trialdehyde-resorcinol was added and grinding continued for 5—8min until even
again. A small amount of water was added during grinding to give it a certain fluidity. The mixture was then
transferred to the Teflon lining of the reactor and reacted at 140°C for 12h. After the reaction, it was cleaned three
times in turn with hot water, N,N-dimethylacetamide, hot water and acetone, and dried in vacuum for subsequent
use, and the obtained material was named TpTU. The TpTU material 0.5g and chitosan 2.5g were added to 20mL
1% (V/V) acetic acid solution. After stirring for 3h, it was dropped into 1.0g/L NaOH solution, the obtained
microspheres were washed with ultra-pure water until the pH becomes neutral, and then 10mL 25% glutaraldehyde
solution was added. After storing for 3h, the microspheres were collected and washed with ultra-pure water several
times. TpTU@CS is obtained by freeze-drying.

The specific surface area and pore size distribution were calculated using the nitrogen adsorption-desorption

system based on Bruner-Emmett-Teller and Barrett-Joyner-Halenda methods. The nitrogen adsorption-desorption
isotherm was collected at 77K and high purity nitrogen (>99.999%) was measured. Fourier transform infrared
(FTIR) spectra of different samples were collected by infrared spectrometer with a resolution of 4cm™ and a range of
400—-4000cm™'. The crystal structure of the sample was analyzed by X-ray diffractometer. The surface morphology
and elemental content of the samples were recorded by Merlin scanning electron microscopy and its energy
dispersive fluorescence X-ray system (EDS). The composition and chemical state of the surface elements were
studied by X-ray photoelectron spectroscopy (Al Ka radiation), with emphasis on the fine spectrum analysis of O,
N, S and Hg.
Data and Results: The SEM shows that the synthetic material is a cluster of spheroidal particles with a rough
surface (Fig.1). In the infrared spectra (Fig.2a), after the reaction of TU and Tp, the —NH, tensile vibration peak
(1414cm™) of the original TU molecule almost disappears, and a new C—N bond peak is formed at 1286cm™,
indicating that Tp and TU are successfully polymerized. The BET specific surface area of TpTU@CS is 82.138m?/g,
and the porous structure of TpTU@CS is conducive to improving the mass transfer rate. A large specific surface
area can increase the number of adsorption sites.

The adsorption experiments show that the adsorption pattern of Hg(II') on TpTU@CS is more consistent with
the Freundlich model, indicating that Hg( 1) is more consistent with non-uniform adsorption on TpTU@CS. The
adsorption of Hg(I) is more consistent with pseudo-first-order kinetics, which indicates that the diffusion step
controls the adsorption. The synthesized TpTU@CS has higher adsorption selectivity and affinity for Hg(I) in
aqueous solution, with high adsorption capacity (249.21mg/g) and fast adsorption kinetics (10min). As shown in
Table 2, this composite material TpTU@CS is successfully used to remove Hg(1l) from water, showing high
removal capacity (77.0%—100.0%) for both actual water samples contaminated with low concentration of Hg(1I)
and high concentration marked water samples. TpTU@CS material can achieve 100% removal rate of Hg(1l)
aqueous solution within 10min, which can be attributed to its regular pore structure (13nm).

Through XPS characterization in Fig.5 and Fig.6, it is found that the chemical mechanism is mainly the
bonding effect between S and Hg. The formation of a covalent bond ensures the excellent adsorption capacity of
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TpTU@CS for Hg( ). The strong coordination of —S—Hg— is also confirmed by exploring the influence of pH on
adsorption. Under the test conditions [Smg TpTU@CS in 5SmL 10mg/L Hg( Il ) at different pH values], and among
all the pH values tested, TpTU@CS achieves 100% removal rate of Hg( Il ), which proves that the three forms of
Hg( 1) including Hg”", Hg(OH)" and Hg(OH), are favorable for adsorption.
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