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Study on the preparation of modified nanocellulose microspheres and
their adsorption properties for tetracycline removal from water

LIU Yuheng' , TENG Jiang®,SUN Yu*"

(1.School of Materials Science & Engineering, Shandong University, Jinan 250061, China;
2.College of Veterinary Medicine, Northwest A&F University, Yangling 712100, China)

Abstract ; [ Objectives ] This study aimed to prepare a cellulose-based absorbent material capable of effectively removing the
contamination of tetrcycline antibiotics in water bodies. [ Methods ] The modified nanocellulose microspheres were fabricated using
bacterial cellulose as the raw material. Firstly,the structural properties of the microspheres were comprehensively characterized using
scanning electron microscopy ( SEM ) , infrared spectroscopy (IR ) , X-ray diffraction ( XRD) , thermogravimetric ( TG ) analysis and
brunauer-emmett-teller ( BET ) specific surface area and porosity analysis. Subsequently, the effects of initial tetracycline
concentration, pH values, adsorption time,and temperature on adsorption performance were systematically investigated. Furthermore,
the adsorption kinetics and isotherms were determined. [ Results ] SEM images revealed that the modified nanocellulose microspheres
were uniform in size,with an average diameters of approximately 300 wm. Fourier transform infrared ( FT-IR) spectra confirmed the
successful grafting of 3-aminophenylboronic acid onto the nanocellulose surface. XRD pattern indicated an alteration in the crystalline
structure of cellulose following modification. TG analysis demonstrated enhanced thermal stability of the modified nanocellulose
microspheres. BET analysis determined that the specific surface area,average pore diameter,and pore volume were 36.858 m*+g™'
13.394 nm, and 0.128 cm’ - g™', respectively. Optimal adsorption performance was achieved under the following conditions
tetracycline concentration of 300 mg-L™" , temperature of 35 °C , and pH3. The presence of Na* and K" had a negligible impact on
adsorption ( P>0.05) ,whereas high concentrations of Ca® and Mg”* significantly reduced the adsorption capacity( P<0.01). Under
these optimized conditions , the maximum adsorption capacity of the modified cellulose microspheres for tetracycline hydrochloride
reached 77.81 mg-g™'. The adsorption process was better described by the pseudo-second-order kinetic model , and the equilibrium
data are better fitted by the Freundlich model. [ Conclusions]The synthesized modified nanocellulose microspheres exhibit potential
for removing tetracycline antibiotics from wastewater, offering advantages such as straightforward preparation and cost-effectiveness,
thus positioning them as a promising candidate for practical application.
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MR AE A PR AR FRE W A A 5B AE MR A IR A R 7K G SR BE 1 24548 k27100 A R
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1.3.2  LI5MEE(FT-IR) S04 K WiSEELZS T4 12 h ARG BIFEE , 3 0.075 mm 745 FH . 7EFsk rhdk 2:98
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JEXTIAER T A 2 e, 2) W pH {EDGT IR A2 i), e ikl pH 205000 1.3.5.7.9. 11 ISR DU A R IA W,
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Fig.1 Scanning electron microscopy images of modified nanocellulose( A)

and modified nanocellulose microspheres(B)
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Fig.2 The results of FT-IR,XRD and thermogravimetric( TG ) analysis of modified nanocellulose microspheres
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D. Thermogravimetric (TG ) and derivativ thermogravimetric ( DTG ) analysis.
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Fig. 3 Brunauer-emmett-teller ( BET ) results of modified nanocellulose microspheres
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A. N, absorption-desorption isotherm linear; B. BJH pore size distribution curve.

2.2 BUMEGAK ST 4E ROk A IR B BE
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Fig. 4 Effects of different conditions on adsorption performance of modified nanocellulose microspheres
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A, B:Effect of concentrations of etracycline on the adsorption capacity of modified nanocellulose microsphers;C,D. Effect of pH values

and concentrations of ions on the adsorption capacity of modified nanocellulose microsphers.
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I, B 4-D &os,Na® K Ca™ Mg™ ¥R 438 50,100 F1 200 wmol - L™ A, Xk 107 () el M 40 K 21 4k %
TRCER A W2 BfE 25 43 N 96.97% . 91.20% . 91.19% , 98.87% . 84.53% . 83.12% , 74.36% . 55.77% . 32.53%
79.01% .56.70% .32.53% ., Na' K XF 0B MR AN, Ca® Mg™ 7 2 Vi B I 25 Bl 25 50 1) o5 P 490 DK 2T 4
R BRI W FHERE

222 HEKMIWBEN AE  RE S-A MR FRA R 1 IR - UM GIOK EF 4 2 R B O 2 2R Gk 2
69.0 mg- g, AME—G 8l )12 AR Ty R UL G o), (0K 1 Je R W Bt 4k 66.29 mg- g™ SLAAH K REL(R) Ny
0.978 1, M 28l J1 2 AR Ty AR AU A i e R iR 77.81 mg-g¢™' ,R*=0.986 0, AHI T UE—K 3l J12#
B ME S T A R R A R T AT 100 I A2 ot e 32 b 2 MR o il
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5 TABRUR B R 1 A0 IR B SR B SR B A
Fig. 5 Fitting of adsorption dynamics curve and isothermal curve
A FIIFEA AR (a/b G/ MET ) ;B Langmuir BT REALG4528 5 C. Freundlich #EEL BRILG 4528
A. Result of dynamics fitting(a/b : first/secondary dynamics model) ; B. Result of Langmuir model equation fitting; C. Result of Freundlich
model equation fitting.
x1 WM NFRBEMESHEISH

Table 1 Parameters of the fitting of dynamics model

PRI BHL Parameters WE—2%8) J1 25 First order dynamic model W 8l 1A R Secondary dynamics model
q (EP)/(mg-g™") 69.00 69.00
q. (5 /(mgeg™") 66.29 77.81

K 0.026 3 3.81x107*

R 0.978 1 0.986 0

X BRIEA T AN R W B A9 Langmuir PRI FE AN Freundlich #AU R 4LA . A4S £k nE 5-B.
5-C,HXRERSHILE 2,
*®2 AERMEE TH Langmuir 71 Freundlich A A2 S5 HXS#
Table 2 The relevant parameters of the Langmuir and Freundlich model fitting results

at different adsorption temperatures

AR S % BRHELRE /°C Adsorption temperature
Models Parameters 5 15 25 35
G 122.50 80.83 77.15 66.66
Langmuir K, 0.001 7 0.003 5 0.003 9 0.006 3
R? 0.903 7 0.908 2 0.900 2 0.901 3
Ky 0.62 1.31 1.54 2.92
Freundlich 1/n 0.73 0.60 0.57 0.47
R? 0.886 6 0.867 0 0.871 4 0.900 1

Langmuir £ 77 FE38 H T 550 2 W B, 5L o] LR m B 5510 fe e B 4 (q,,) Lo B T B ISR A
BN, SR W R AECR AR A , BTSRRI SERRI B R (H2: R (B8 0.90, SUARER AL, Freundlich
AR )y R i A R O 1) 2 T A S T B 57 5, % W B A F1hy 2z A A 7T L a3 0 R o 50 A 1160
N, — R 1/ (ETERE 0~ 1,1/n>2 B T07R B AT SOR AN, 3% 2 TR g R B, Rk R 4 0.86 ~
0.90 , W PSR R, A a0 14 S5 TR 6 4005 435 SR UE S U B 3 P2 B 4230 Freundlich A7 | 150 BH I B 7] 2 g 2
A AN [ W T B

3 i Es®R
A, LESMETEIR S AR LT A 3R 28 — SRR RO B, P o 8 B ROk 27 24 3R IR R/ N 2
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AR 2 R AR TR ARSI Lei S5 1%V F) FH R 50000 5 1 4 17 D6 350 1 0 06 T 1) 2 4 32 R, SR K e T g 1)
W R 25 i ik 110.5 mg- g™, BFFE R IR INRR A6 o] 5 BAT R Z5 R I B 4, T8 B = AR TE i 2R T e T
DU T A A R R , KBRS PR, = A B SR B R 15 T LA 55 DU 1 A A S IR R AR EL AR AR DU R
AN ZFER Y T, R ER RS Z B ES & W O R 4 25, o] DI o 2F 2 2R ik i e
MHEE ST, BEAb, SRR G , 76 7800 B ARG KA R BE I RIS, W A e DA RS, HL28 5 X 38 — ks s
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