32
ﬁé‘b ;’; %H @t&J T b (D

/IR JNMENTSCIENCE
PAik: http://www.aes.org.cn

B B R R AR B B IR R 4
RBREN, ki, EEIR, BN, WG, BRI BE, EF

FIHASL:
RGN, 7K, 70, 55, SR A R A AR B B A IR BRSNS A0, Al FREE R 4R, 2022, 41(2): 346-356.

TEZL R View online: https:/doi.org/10.11654/jaes.2021-0703

AT RGBS B

Articles you may be interested in

A R FERR IR ER 0 JE A (SRB) R Cr(VI R W2 BR800 B2 AR AL

RIRIE, 255, s 54, EZ00, M/NE, Wi
LNy FREERLF24]. 2021, 40(4): 866-875  hitps://doi.org/10.11654/jaes.2020-1156

KR PRV A W X Ca ™ PR BRI
W F i, 1REL A
LV FRBE R3] . 2021, 40(4): 876-883  hitps://doi.org/10.11654/jaes.2020~1123

AN T 3 ) B A AR R AR A R X6 G 2+ IR B e S5 L
XS4, HRALRH, e ion, FLARRE, 5% B4, BREESE, 31K
LV IETRL 24 4] . 2018, 37(2): 340-349  hitps://doi.org/10.11654/jaes.2017-1066

SNt - —F7e i E A R P T )W T
WE, B3030, TR, BRIE, Fhe S
LV FREE B4R 2018, 37(11): 2578-2585  hitps://doi.org/10.11654/jaes.2018-0886

SRR LT 20 1 0 5 ) 1 e W P> RO B RE 237

WmEEH, R, ki, 2%
My FREERLE 24 2021, 40(5): 1088-1096  https://doi.org/10.11654/jaes.2020-1252

KIEMFAAT, PAFEZFEEE


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2021-0703
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1156
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1123
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1123
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-1066
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-1066
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0886
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1252
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1252

2022,41(2): 346-356 xR W F OB R F F R 20224F2 H

® Journal of Agro-Environment Science @&

RIGEN, SRS, 25, A5 . SO 1 R e S B AR R D L R B O, A BT 0. ARl FREERL 27274, 2022, 41(2) : 346-356.
ZHU X L, ZHANG T, WANG ] Q, et al. Adsorption effects of enrofloxacin by modified spent bleaching earth carbon composites[J].
Journal of Agro—Environment Science, 2022, 41(2) : 346-356.

B B T E & W R Bigib 2 a9 IR B U 43 4
KUE KA, EER, AR, dE R, R, BT, E 4

(LG R S8 240, P4 710127; 2. V94 & s A SR A RA AL, V5% 7100655 3. 30 H T B AT RE IR TR, , B
75 A 724200)

WOE DA ER, 23 BIHE 300,500 CHTT700 CAAE T B A HUE B 45 % 11 1 265 MR A&C300 ., A&C500 ., A&C700, 2%
H:POL 3% A6 12 % 52 4 AR BEA 7 0 ) 45 HA&C300 , HA&CS00 il HA&C700, 43 M7 ik M B J 42 & b4 ) o BB 70 2L (EINR) 11 187 B 2
IO, G5 1 4 5 B 55 S AR R bRk 5 >R FH L 3R T RO A 45 P B BB 3 AT B B LB XU O T RB IS A 9 HL 2T M RS
of 05 3 H1 PR B R A T 2 AR RAE 5 B ST S0P B 5 R R BT ENR 9 52 0 TR 3 (ENR MR BE 525 BRI 2 RN pHD) |, FF285 45 W B
Bl )5 S IR RS R AR B AT 2 R SR I ENR AR B FAAILIG . 25 3B  RWCME R 2 11 LR & G ARG ENR IR B3R 4
2, 2R FH HaPOL 2l J5 B 5 A MR ENR W BESCR 26 T8 71, Hor HA&C300 W FHAICR B A 5 5 A&C300 41 Fb , HA&C300 1Ml
EREA E B A AT RS ORI N Bk SR | LR R RURLE LA B R 45.72 mP ¢ F0.10 em®- g7, A0 HIJE A&C300 119 1.54
AN 1.59 15 5 24 ENRWILA U4 10 mg- L7 B, HA&C300 Xt ENR IR B () e A S EO Ik 5 0.5 ¢ 17! . pH 6, B 25 B R d5e vy 15 5]
92.34% , & A&C300 BRI 21475 , F R 1% 66.79 mg- g . HA&C300 % ENR B9 Fit i #2450 &40 — 2 3h 112 07 F2 Ml Freundlich
AR W 3l T Bz s AR, oA E R RS ], WAL LG U - EDA BKAE RIS R .

REIR RV R O B A R R A AR s W E AL

PESES TQ424;X703  XEAFREA:A  XEHS:1672-2043(2022)02-0346-11  doi:10.11654/jaes.2021-0703

Adsorption effects of enrofloxacin by modified spent bleaching earth carbon composites

ZHU Xiaoli', ZHANG Ting', WANG Junqiang"?, ZHAO Hanhong’, SHANG Xiaoqing"?, SHEN Baoshou', CHEN Chao’, WANG Jing'

(1. School of City and Environment, Northwestern University, Xi’an 710127, China; 2. Xi' an Jinborui Ecological Technology Co., Ltd., Xi” an
710065, China; 3. Mianxian Rural Energy Station, Hanzhong 724200, China)

Abstract: A&C300, A&C500, and A&C700 were prepared by pyrolyzing spent bleaching earth at 300, 500 °C, and 700 °C, respectively,
under limited oxygen and then modified by H;PO, activation to prepare HA&C300, HA&C500, and HA&C700. Subsequently, the
adsorption effects of enrofloxacin (ENR) by unmodified and modified spent bleaching earth carbon composites were compared, and the
material with the highest adsorption ability was selected. The selected material was characterized using a surface area analyzer (BET),
scanning electron microscopy—energy spectroscopy (SEM-EDS), transmission electron microscopy (TEM), X-ray photoelectron
spectroscopy (XPS), and Fourier transform infrared spectroscopy (FTIR). The determining factors (the initial concentration of ENR, the
concentration of the adsorbent, and the pH) on the adsorption effects were investigated. The adsorption mechanisms of ENR by modified

spent bleaching earth carbon composites were discussed based on adsorption kinetics, isothermal adsorption model, and adsorption
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thermodynamics. The data showed that the adsorption of ENR by unmodified spent bleaching earth carbon composites was poor while

H3PO4 modified composites showed better adsorption effects, among which HA&C300 had the highest adsorption ability. When compared
with A&C300, HA&C300 had more functional groups containing oxygen and a stronger hydrophobicity. The surface area and total pore
volume were 45.72 m*+ ¢ and 0.10 cm’+ ¢, respectively, which were approximately 1.54 times and 1.59 times as large as that of A&C300.
When the initial concentration of ENR was 10 mg+ L™ and the concentration of HA&C300 was 0.5 g+ L™, and pH=6(i.e., optimal adsorption
conditions) the rate of adsorption of ENR by HA&C300 was 92.34%, which was approximately double that of A&C300. Adsorption models
and thermodynamic analysis indicated that the pseudo—second-order kinetic model and Freundlich model could describe the adsorption
process of ENR onto HA&C300 better, and its maximum adsorption capacity was 66.79 mg-g™'. The adsorption process was mainly affected

by chemical adsorption and was spontaneously endothermic and multi-molecular layer adsorption. The adsorption mechanisms mainly

included hydrogen bonds, m—1 EDA, hydrophobic interactions, and pore filling.

Keywords: enrofloxacin; modified spent bleaching earth; spent bleaching earth carbon composite material; adsorption mechanism
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Table 2 Fitting parameters of pseudo—first—order kinetics and pseudo—second—order kinetics model

W f30) b U— 5 1% PF-order =5 J1% PS—order
Adsorbent Antibiotic 0/(mg-g™) /b R 0/(mg-g™) ko (gomg™+h™") R h/(mg-g'+h™)
HA&C300 ENR 17.90 1.49 0.977 18.99 0.12 0.981 43.27

R3 MAAY HERBXIESH

Table 3 Fitting parameters of intra—particle diffusion model

5 —Br B First stage

55 B B Second stage

25 = BX Third stage

K,,l/(mg'g_l'h_ﬂ's) (o R? K,a/(mg'g_"h_o's)

G, Ry K,,s/(mg'g'l -h™*) Cs Ry

12.11 0.837 0.998 0.835

15.73 0.763 0.469 16.17 0.963

F4 AERE T HA&C300 %t ENR B Langmuir F Freundlich IR B 258 £l & S 44

Table 4 Fitting parameters of Langmuir and Freundlich adsorption isotherms at different temperatures

R Langmuir Freundlich

Temperature/K Q./(mg-g™) K/(L-mg™) R R Ki/[mg-g™"+ (L-mg™)" 1/n R
288 52.345 0.159 0.030 5~0.386 1 0.767 12.959 0.287 0.958
298 54.696 0.428 0.011 6~0.188 7 0.766 19.201 0.227 0.952
308 57.714 0.991 0.005 0~0.091 7 0.757 26.325 0.177 0.895
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Table 5 Adsorption thermodynamic parameters of ENR by
HA&C300 at different temperatures

it AG/ AH/ As/
Temperature/K (kJ-mol™) (kJ-mol™) (kJ *mol™-K™)

288 -6.697 30.642 0.129

298 -7.187

308 -9.690
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