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Preparation and Adsorption Properties of Lithium Chloride
Intercalation Carbon Nitride

Wei, Yaru Ma, Jing* Yuan, Tingting Jiang, Jiawei Duan, Yinli* Xue, Juangin
(School of Chemistry and Chemical Engineering, Xi'an University of Architecture and Technology, Xi'an 710055)

Abstract In recent years, the pollution of organic wastewater to the environment has attracted extensive attention. The ad-
sorption method is simple and has been used for the adsorption of organic dyes in wastewater. In this study, lithium chloride
(LiCl) was intercalated on graphite like carbon nitride (g-C5N,), a series of Li intercalated g-C;N,4 adsorbents (Li/GCN-x)
were synthesized. And use X-ray diffraction (XRD), field emission scanning electron microscopy (SEM), N, adsorp-
tion-desorption and other methods to comprehensively test and characterize the phase structure, morphology, and surface area
of the prepared samples. At the same time, the influence of the amount of LiCl added on the adsorption of methylene blue
(MB) on the intercalation material at room temperature was investigated. The optimal Li content in the intercalation g-C3;Ny
was determined. The research results show that compared with pure g-C;Ny, the prepared Li/GCN-5 can form fibers with
uniform diameters between the layers, XRD results show that the addition of LiCl makes the lattice of g-C5N, expand and the
layer spacing expand, indicating the successful intercalation of LiCl. The pH and the binding time between the adsorbent and
MB were studied. The new functional groups of the adsorbent can form hydrogen bonds with MB molecules and interact
through m-7 bonds. When only 50 mg of the adsorbent is added, the maximum adsorption capacity can reach 704 mgeg ™" in 5
min. In addition, adsorption kinetics simulations have been carried out. The results show that the intercalation adsorbent can
adsorb MB. The model conforms to the quasi-second-order kinetic equation. The Weber-Morris model was further used to
explore the adsorption control process. The results showed that the adsorption of MB was caused by the combined action of
surface diffusion and intrapore diffusion, in which surface diffusion was dominant, and the newly added functional groups
could form hydrogen bonds with MB molecules, and the interaction enhances the adsorption capacity through n-m bonds. The
as-prepared materials in this study are stable, uniform and have large specific surface area, which can simply and quickly
realize the adsorption of MB. It provides a simple, low-cost, and efficient method for the adsorption and removal of organic
pollutants, which overcomes the shortcomings of slow kinetics of commonly used adsorbents.
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Figure 1 XRD patterns of synthesized g-C;N, and Li/GCN-x
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Figure 3 N, adsorption-desorption and pore size distribution of g-CsNy4
and Li/GCN-5: (a) g-C3Ny; (b) L/GCN-5
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Table 1 Surface area, pore volume, and average pore diameter data of
2-C;Ny4 and Li/GCN-5

Surface area/ Pore volume/  Pore diameter/

1
Sample (g ) (cg ) nm
g-C3Ny 8.30 0.07 33.52
Li/GCN-5 119.3 0.21 7.02

2.4 HESHIHEEFRMIR(SEM) D
H 5 & 55 43 6 W 7 B 3B (SEM) X g-C3Ny Al
Li/GCN-5 IO St EAT 1 RAE /3 Hr, 455 nEl 4 fr
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Figure 6 Adsorption curves of different adsorbents at different concentrations: (a) 20 mgeL™'; (b) 30 mgsL"; (c) 40 mgsL ™"
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Table 2 Comparison of the adsorption performance of various carbon nitride adsorbents on MB
Adsorbent Adsorbate Surface area/(m’sg ") gn/(mgeg ") Reference
Lips-CN RhB 10.1 — [57]
50-CN MB 1.0 360 [58]
NCG-2 MB 432.0 348.2 [48]
LiCI-CN-4h Pb(1I) 36.54 172.41 [17]
2-C3Ny Pb(1I) 11.0 281.79 [6]
g-C5N, cd** 52.0 94.4 [3]
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Table 3 The best fitting model and kinetic parameters of Li/GCN-5 adsorption of MB at different concentrations

50 60

- T T %
MB/(mg:L ) o -1 2 1, 1 -1 2
ky/(min ) q./(mgeg ) R ky/(g'mg emin ) q/(mgeg ) R
20 0.08328 85.26 0.87551 0.00732 383.14 0.99984
30 0.06911 30.28 0.56804 0.00351 598.80 0.99999
40 0.15555 169.02 0.79305 0.00526 704.23 0.99983
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Figure 9 Intra-particle diffusion model of Li/GCN-5 adsorbing MB solutions with different concentrations: (a) 20 mgeL '; (b) 30 mgeL '

B ZIREEM, 15 LiCl /62 Mg i e hA K.
LiCl BIMAfETF g-CiN, fmt& K, ZEEY K, £H
LiCl i Ih4E 2. )2 )5 Li/GCN [ b 2% i A i KT
g-C3Ny, §" KM RTFLL RIE R o L8k KRGS
Li/GCN 7E Wt 77 T B A R B 71, iYW 30 /)%
LA S5 R A1 Li/GCN-5 % MB [ B 5 & — e a8l 1%
R H R B R ZR L B R In 50
mg Li/GCN-5 [}, 5 min 2 IR FRHE4 704 mgeg ' BEAR,
WL T pH AT PERE RS2, 7EATE pH R, Wb
Z [ H R OH ™ ¥5%F BH 851 4kt MB (14 it & 52 2 2.
16 pH=1~6 Ju[E N, BEFE pH E I, TR RCR & T
o, SRS T i pH B, IR SRS, A R
BAEPH N 6. RMH 2, KM R —BBReks % T
Li/GCN, EAFEMA S 3. LRMEABUR, nJLLfE $
P SLIT MB IR B, e ik 1 E B 730 )2 5%
TS HE s, BA B 5 A2 s 0 E.

500  http://sioc-journal.cn

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

B 10 Li/GCN-5 X MB (¥ f L &

Figure 10 Li/GCN-5 adsorption mechanism diagram for MB
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