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Abstract Based on the principle of “fiber first”, cellulose nanofibrils (CNF) and metal-organic framework (MOF) are uti-
lized to prepare composite material. The CNF with high dispersibility was prepared via MgClz/succinic acid hydrolysis, so-
dium chlorite oxidation and high-pressure homogenization, then it was chemically cross-linked with 1,2,3,4-butane tetracar-
boxylic acid (BTCA) and freeze-dried in a mold for 4 h to obtain the aerogel. The aerogel was fully esterified at 170 ‘C for
2~3 min to obtain aerogel B-CNF, then Zn?*" and 2-methylimidazole were synthesized in-situ on its surface, finally,
ZIF-8@B-CNF composite aerogel was successfully prepared. After that, the composite aerogel was used for the adsorption of
methylene blue (MB), and the effects of adsorption conditions including adsorption time, MB concentration, pH values of the
solution were discussed. The ZIF-8@B-CNF composite aerogel was characterized by SEM (scanning electron microscope),
XRD (X-ray diffraction), FT-IR (Fourier transform infrared spectroscopy), XPS (X-ray photoelectron spectroscopy), BET
(Brunner-Emmet-Teller), efc., and the adsorption behavior and adsorption mechanism of MB were researched. The results
showed that the ZIF-8@B-CNF composite aerogel had the advantages of low density and high surface area. When the load-
ing capacity of ZIF-8 came up to 50%, the density of the ZIF-8@B-CNF was as low as less than 0.1 gecm >, and its surface
area were increased by 14.5 times compared with that of the CNF aerogel. The ZIF-8@B-CNF composite aerogel showed
excellent adsorption capacity for the MB, its theoretical maximum adsorption capacity was as high as 352.59 mgeg™! based
on the Langmuir adsorption model, demonstrating that the composite acrogel had excellent adsorption capacity. The adsorp-
tion process was in accordance with the quasi-second-order kinetic model, which belonged to the chemisorption. In addition,
the adsorption behavior of MB on the composite acrogel mainly depended on the effects of electrostatic interaction, m-1
stacking and hydrogen bonding.
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Figure 1 Macroscopic morphology (a~e¢) and microscopic morphology (f~j) of the B-CNF aerogel with different CNF/BTCA mass ratios
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Figure 2 The density diagram (a) and FT-IR diagram (b) of B-CNF
aerogels with different CNF/BTCA mass ratios
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Figure 3 (a) The macroscopic and microscopic images of
30%-ZIF-8@B-CNF. (b~d) Microstructures of 10%-ZIF-8@B-CNF,
30%-ZIF-8@B-CNF and 50%-ZIF-8@B-CNF
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Figure 4 (a) The density diagram of ZIF-8 composite aerogels with
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Figure 7 Effects of adsorption time (a), initial dye concentration (b) and
solution pH (c) on the adsorption properties of ZIF-8@B-CNF composite
aerogel. (d) The reusability of ZIF-8@B-CNF composite aerogel for MB
adsorption
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P 8(a) 1 1 M B 715 Bt MIB 4D 795 o 0 o 45 Ui 2
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B(R*=0.9784)7 T Freundlich 77 F& M % R F (R =
0.9183), KX MB WM FEFFA Langmuir IR P15

BRIk, ZWHATNE TR FEWRK. BT
Langmuir S5 B, 120 B 7% MB S 5 K
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AW B A R AT LB SRR 2 BT oR,
ZIF-8@B-CNF & &bt LA 15 i i W P 25
237 BMEHFER
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Figure 8 (a) Langmuir and Freundlich adsorption isotherm models for MB adsorption by ZIF-8@B-CNF composite aerogel. Quasi-first-order kinetic
fitting curve (b) and quasi-second-order kinetic fitting curve (c) for ZIF-8@B-CNF composite aerogel adsorption of MB

R 1 ZIF-8@B-CNF & &S BHR MB (1 FH AL 45

Table 1 Parameters of adsorption model for ZIF-8@B-CNF composite aerogel adsorption of MB

Langmuir model

Freundlich model

On/(mgeg™) Ki/(Lemg™") R? 1/n Ke/(mgeg™) R?
352.59 0.0118 0.9784 0.3976 28.4781 0.9183
R2 AFEAMEIT MB [F 5K &
Table 2 Comparison of the maximum adsorption capacity of different materials for the MB
Adsorption material 7/°C pH Co/(mg-L™") Oc/(mgeg ™) Reference
Magnetic activated carbon 25 10 50 169.49 [44]
Graphene oxide-chitosan composite aerogel 25 11 50 110.90 [45]
Ni-MOFs@GO composites 25 — 25 235.37 [46]
TiO,-MIL-101 nano-composite 30 — 20 20.70 [47]
MIL-53(Fe)@montmorillonite — — 200 313.70 [48]
Waste cellulose/ZIF-8 aerogel 25 — 50 10.31 [49]
ZIF-8@B-CNF composite aerogel 25 — 60 352.59 This study
#£3 ZIF-8@B-CNF &4 MB (1130 /1252 24
Table 3 Kinetic parameters of MB adsorption on ZIF-8@B-CNF composite aerogels
o Quasi-first-order kinetic Quasi-second-order kinetic
Qe.oxp(mgeg™) -1 il 2 -1 ~Tormyin~] 2
Qe ca/(Mgeg™) ky/min R Qe ca/(Mgeg™) ky/(gemg 'emin”") R
124.59 89.12 —0.0211 0.8468 139.86 0.0185 0.9956
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Figure 9 FT-IR spectra of ZIF-8@B-CNF composite acrogel before and

after adsorption of MB
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Figure 10 Adsorption mechanism of ZIF-8@B-CNF composite aerogel for the MB
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