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Adsor ption of tetracycline in wastewater by copper-based
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Abstract: Three copper-based nitrogen-carbon microspheres Cu-x/NC (x=1, 2, 3) were successfully
synthesized by a one-step hydrothermal method using water-soluble low relative molecular mass chitosan
(0.1000 g) as carbon and nitrogen sources, copper nitrate trihydrate (0.2174, 0.2899, 0.6522 g) as copper
sources, characterized by SEM, FTIR, XRD, Raman spectroscopy and BET, and then evaluated via static
adsorption experiments for their tetracycline hydrochloride (TC) adsorption performance, of which the
adsorption kinetics, adsorption isotherms and thermodynamic parameters as well as the resistance to ion
interference, pH stability and cyclic adsorption performance were further analyzed. The results showed that
Cu-x/NC exhibited a regular spherical structure with oxygen-containing and nitrogen-containing groups on
the surface and a uniform distribution of Cu elements. Cu-2/NC (5 mg) exhibited the maximum adsorption
capacity for TC (1993.42 mg/g) at 25 °C for 24 h, and followed the Langmuir isotherm model and
pseudo-second-order kinetic model, with a spontaneous and endothermic adsorption process. The presence
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of NaCl in TC solution didn't reduce the equilibrium adsorption capacity of Cu-2/NC toward TC, and TC

solution at pH=5.5 was most favorable for adsorption. In the 7-cycle adsorption tests, Cu-2/NC showed a

relatively stable removal rate to TC (95.84%~86.67%). The main driving force for TC adsorption by

Cu-2/NC was attributed to hydrogen bond, Cu cation bonding bridge, electron donor-acceptor interaction

and electrostatic interactions.

Key words:. adsorption; chitosan; nitrogen-carbon microspheres; tetracycline hydrochloride; action mechanism;

water treatment technology
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Fig. 1 FTIR spectra (a), XRD patterns (b) and Raman spectra (c)
of samples
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K2 Cu-1/NC (a), Cu-2/NC (b) Fl Cu-3/NC (c) i SEM [ ; Cu-2/NC f#) EDX-mapping & (d)
Fig. 2 SEM images of Cu-1/NC (a), Cu-2/NC (b) and Cu-3/NC (c¢); EDX mappings of Cu-2/NC (d)
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Fig. 3

M 3 ATLUE 3 FEESLTE p/po M 0.4~1.0 Z
] 77 AE LR Y H3 RIS PR, B IV B 53R 2 04
LR AAE 2~15 nm Z ], UiEIM R EZ LA FLES
FIRFE L 3 18 Cu/NC RIIMBHZE S50, Hd,
Cu-1/NC. Cu-2/NC Fi1 Cu-3/NC BY R ( Sger)
4354 9.66. 9.87 F1 9.85 m*/g, H L FHEAIIA K,

#1 Cu-1/NC. Cu-2/NC Fl Cu-3/NC &5 28

Table 1 Structural parameters of Cu-1/NC, Cu-2/NC and
Cu-3/NC
S Sger/(m?/g) LA /[em®/(g-nm)] L% /mm
Cu-1/NC 9.66 0.00989 5.236
Cu-2/NC 9.87 0.01491 6.282
Cu-3/NC 9.85 0.01153 6.075

22 WRMBREHH
B 4 HAPE 1.41 WL AT, Cu-1/NC,
Cu-2/NC 1 Cu-3/NC W [t TC F) -1 0 [t 28 2 45 5

2500

[\

S

S

S
T

1500 |

S A/ (mg/g)
=
8

W

(=3

(=]
T

Cu-1/NC Cu-3/NC

El 4 Cu-1/NC. Cu-2/NC Fl Cu-3/NC W[t TC B
B it
Fig. 4 Equilibrium adsorption capacity of Cu-1/NC, Cu-2/
NC and Cu-3/NC to TC

Cu-2/NC

ME 4TI B A G 2 T Cu(NOs),*3H,0
INAE RGN, Cu/NC W TC -1 I B 75 1 5t
PTG FEAR A, Cu(NO;),3H,0 AR A
0.2899 g il Cu-2/NC W} TC il V-7 Wit Jf 75
K, k% 2397.44 mg/g. Wi, JE£ELL Cu-2/NC
ST FARPR ST L B g

2 2 Cu-2/NC 5 T 8 W B 550 e B 14 5 1
PONEAS

F 2 Cu-2/NC 5 IE W B 57 I8 RS FE 114 X L
Table 2 Comparison of adsorption properties of Cu-2/NC and reported adsorbents

W R 57 TC i & J¥ /(mg/L) W 550 P A W B 45 R/ (mg/g) il ik EE BTN
BN-P 200 5mg 386 ik (900 °C) (4]
Fe;0,@MOF-525 50 5mg 200 A [35]
MMS 100 0.03 g 276.74 EERRPN [36]
PC-CA-800 400 0.1g 206.80 ik (800 °C) [37]
SA/GO/ZIF-8 50 30 mg 125.37 Rk [38]
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W i 551 TC 5t & ¢ B /(mg/L) W 550 FH ST W B 25 5 /(mg/ g) il #& ik Z:7% R
MB 600 0.1g 169.7 Kk (200 °C) [39]
Rec600 50 0.025 ¢ 143.25 Wik (600 °C) [40]
K-SC 50 10 mg 15.9 Mk (800 °C) [41]
KBC 250 0.5 g/L 350.30 i (900 °C) [42]
Cu-2/NC 700 5mg 2397.44 KL (120 °C) A

0 XTS5 TC; BN-P R IE A B 0 A S 80 7S O Z AL B4 K B 5 FesO.@MOF-525 S T BB 1LY MOF-525; MMS
HREEAFL AR RE 5 PC-CA-800 | I R ES A5 Al F 25 2L BHE 800 °C A LI 2 FLEk AT &L ; SA/GO/ZIF-8 Jy ZIF-8 £t 45167 35 1R
A B0 s MB ONREYERZTE 15 Rec600 2 600 °C N gFER RIT A ; K-SC Al 4 KOH 1 fLif ik ; KBC A tE LY 5,

MNFE 2 iTLEH, S&RAILESR . AL
FHA Z FLAR S5 O T & B RIAH L, Cu-2/NC 1
B TC FBUH fie s A B 25 5, 1B Cu-2/NC
FE IR K BT A 28 0 I B 2 8 T LA — e e
2.3 WMizh =

PR 1.4.2 5CH 554, H% T Cu-2/NC X TC
W2 5f 7 e B RS ) A AR Ak, 2551 ULIA Sa.

M Sa T LLAE H, TC W25 it B A s [ i) 34
SRS A, AE 13 h BEEASE B A, 25
W o 25 e AN P I AR Ak
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13}¢
— 10}t
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E/ 0.7 r
E
S04
ol L R=0.9984
T y=0.033+7.85x10"

0 400 800 1200 1600
B[] /min

1400

d
1200 - T
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=
E
< 800 f
600 |-
R2=0.9533
40| « y=52.38+170.95x
15 3.0 45 6.0 7.5
In#/min
€
1300 |
—a— =18
1100 |
®
= 900 |
E
S 700 | R=0.9913
R3=0.1312
500 | $=346.82+38.73x,
K ;=1235.99-0.083x,
0 10 20 30 40

#2/min'?
Pl 5 Cu-2/NC R TC %05 B 25 ik il A 1] 139 725 Al il 2
(a); Cu-2/NC W TC BIME—Z(b) i —H(c).
Elovich (d) UK. F Y HL (e) B Sy A
Fig. 5 Change curve of adsorption capacity of TC adsorbed
by Cu-2/NC with time (a); Pseudo-first-order (b),

Pseudo-second-order (c), Elovich (d) and intra-
particle diffusion (e) kinetic models

FER DR, TEWMRINE, Cu-2/NC A K
TR YR B W RRAL S, TC 4015 W B 5 A 8K
TR A, PRIy W B i PR T vy, Ak TRk
Wi BB BT

Wi 5 B[] £ 20 282 8, Rk ) TR A7 8
Bl A, DRI B R A, 3 3k ) R
A o

XT & 5a PR TIE— 9 ah 2 e gEh I
INT- Y B S MR 4e 25 3 S R A
PIE LR ANE Sb~e FR, MG SELE 3,

I Sb, ¢ fig 3 ATLLE, SilE—%sh 2
FERL (MRS (R?) A 0.8867 ) Mk, #E 43
JIFRER RP=0.9984 T K, HfE 25 g ml i
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A FIR WA (ge =1274.11 mg/g) 55K
8 (ge exp=1235.27 mg/g ) B2, BB Cu-2/NC X}
TC AW B 3t 72 O 4% & v g sh fy s iR, R
Cu-2/NC W[ TC B8R F1 k21T, il
1t Elovich B I %} TC 7F Cu-2/NC | faE 4 [Fl 1Ak %
T W B AT A R AT T 5T, HAM RIS 28 (R
(0.9533) /NFHE sl J12: 1 R* (0.9984 ), iFHA
Cu-2/NC X TC B AFFAAEHAY B . 45
TN 1 Eh T 2 A Sy W 3 AR e R s A R4
BT 28R . NIE Se ITLLEH, S48 LRz
DA, AP AR B st R O 1 o 4 rh UKL P9 9 I R

el

F 3 Cu-2/NC W TC #3125 S 5L
Table 3 Fitting parameters of kinetic models of Cu-2/NC
adsorption of TC
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Fig. 6 Effect of initial mass concentration of TC on
equilibrium adsorption capacity (a); Fitting curves
Langmuir (b) and Freundlich (c¢) model isotherms
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Table 4 Isotherm constants for TC adsorption on Cu-2/NC

e . Cu-2/NC Hi/mg

Sl LA 1Y 24
5 7

Langmuir f5 %! Gcal max/(ME/L) 2019.35 1791.06
K /(L/mg) 0.1251 0.1718

R 0.9984 0.9987

Freundlich f%  K¢/[(mg/g)(L/mg)'"]  794.66 623.10
1/n 0.1596 0.1967

R 0.3354 0.4022

MIE 6b. ¢ F1F 4 ATLIEH, Cu-2/NC Hi N
5. 7mg i, Langmuir BEAIZMEMISE R EL (RY)
43514 0.9984 . 0.9987, B = T Freundlich 15 7!
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Table 5 Thermodynamic parameters of TC adsorbed by
Cu-2/NC
T/K  AGKKkI/mol)  AH/(kJ/mol) AS/[I/(K-mol)]
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303 -5.2165 55.0250 198.8168
308 -6.2106
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Fig. 8 UV absorption spectra of TC solutions containing
different concentrations of NaCl (a) and effect of
NacCl concentration on ¢, (b)
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