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Fe-doped boron nitride for adsorption of oxytetracycline in
pharmaceutical wastewater

WANG Yong', WU Haofeng’, JIN Yan', LUO Guiling', CHAO Yanhong" *, ZHU Wenshuai> *

(1. School of Pharmacy, Jiangsu University, Zhenjiang 212013, China;
2. State Key Laboratory of Heavy Oil, China University of Petroleum—Beijing, Beijing 102249, China)
Abstract: To reduce the environmental pollution of oxytetracycline ( OTC ) in pharmaceutical
wastewater, Fe—doped boron nitride nanosheets (Fe—=BN) were synthesized in one step with a green
and rapid ball milling process, and the adsorption performance of oxytetracycline on them was investi-
gated. The shear stress provided by the mill balls completed thinning and Fe doping of BN at the same
time. The properties of the adsorbent were analyzed by XRD, FTIR, XPS, TEM and nitrogen adsorp-
tion. Fe(5% ) —BN with the best performance was selected for comprehensive adsorption performance
and mechanism research, and the results showed that the specific surface area of it was enhanced more
than 3 times after 45 minutes of ball milling. Fe element was mainly doped in the BN lamellar structure
in the form of Fe,0,. Compared with commercial boron nitride, the adsorption capacity of OTC on Fe
(5% ) —BN increased by 7.7 times. The adsorption conforms to the quasi—second—-order kinetic model
and Freundlich isotherm model and the adsorption process is spontaneous endothermic. The adsorption
is mainly through cation bridge, electrostatic interaction and - interaction. After four adsorption—de-
sorption cycles, the removal efficiency of OTC was still higher than 94% , indicating the good cyclic
stability of Fe(5% )—-BN.
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Fig. 1 XRD patterns and FTIR spectra of commercial BN and Fe-BN
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B 2(a) 45 T Fe(5%) -BN ) XPS 411K
7% A W Fe(5%)-BN £% i B .C N0 il Fe
FRICEMAL, K 2(b) N Fe 2p M7 HEEIA,
LT 711.8 eV H1 725.6 eV MMERAEIE S35 K Fe
2p3/2 Fl Fe 2p1/2 BRZBEHR ™ s 2(c) M O 1s
F 5 2 WG 1], 5d 3 Avantage 3023 BTG 2] 4 A4

f1 T 530.3 .531.5.532.5 .533.3 eV &L BYERFIE | 43
SHJE T 0—Fe §#  fb 2= W B %0 . O—B ## DA &
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Fig. 2 XPS survey spectra of Fe(5%)-BN
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Fig. 3 N, adsorption—desorption isotherms
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1 Fe(5%)-BN FA@ & BN B9 Lb RERFAFLEER

Table 1 The surface area and pore volume of Fe(5%)-BN

and commercial BN

FE & R/ (m? - ¢! fUAER/ (em® - g7!)
Fifh BN 23 0.11

Fe(5%)-BN 93 0.25
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B4 7 & BN K Fe(5%)-BN HEE
Fig. 4 Electron microscopic diagram of commodity BN and Fe(5%) -BN
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Fig. 5 Adsorption properties of commercial
BN and Fe-BN for OTC
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mg/L) %4 F Fe (5% ) —-BN XF OTC 1) W% Fff 28 i
SEILANIE 7 P Bl R B R S 0 BEAIG, TR
Z5E B WA 24 OTC BRIURYEEE i 100 mg/L %
WG INE] 300 me/L, W78 AW, B R
467.59 mg/g., 52 HIHRIE MR (£ 3) HH L,
Fe(5%)-BN F3H L5 1M fFHERE
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E 6

W Bt 3 1 5
Fig. 6 Adsorption Kinetics
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Table 2 Kinetic parameters

We—Rsh 12 WE—sh )12
9o exp”
O a1 Qerca’’ K,/ Ge,ca’ 1 h/
(mg-g™h) K,/h o P L o t,,/h (e met D)
(mg-g™) (g-mg™ -h™) (mg-g™) g+ mg
92.54 0.139 41.03 <0.001 0.012 94.16 0.86 109.53 <0.001

x3 FEEMFII OTC HRHEE
Table 3 Adsorption capacities of different adsorbents for OTC

TEWG i B b, s W R Y OTC $2 41 1 5 5
(¥ 4% J5 5 3 A LA 5 AR 11 9 22 T i % S BEL T 7

o A VIR, AR PRI * Langmuir 1 Freundlich % 8 £ &5 BU ) 3 Ff
75‘ T Z ; 4 Al A . e — U J
(mg-L71)  (mg-g™) BT B A 1 W B 1 A A AT G o i, 42
1 ZVI@ biochar 500 52.70 [27] BB FE 4, SR FEW, Fe(5%) -BN I [ff
2 Bo@BC 500 85.64 [28] OTC ¥ £ 4 Freundlich 2R 1A H 1/n {8
3 Co-ZIF-67 10 122.90 [29] N
/NT 1 BH Fe(5%)-BN X} OTC H. :
4 Al-MOF/GO 60 224.60 [30] N1 B Fe ( OL o A7 R
g =3 = AY p) S
6 Fe-BN 300 467.59 A5 B AR 2
ST A WA A = 0.2.0.6.,1.0 g/, T=298 K, C,=100~300 mg/L
E7 EMERS
Fig. 7 Adsorption isotherms
F4 WMERZSH
Table 4 Adsorption isotherm parameters
187 j 500 FH 2/ Freundlich Langmuir
(g-LY) Kp 1/n R? APE/ % P g,/ (mg g K, /(L-mg™) R? APE/ % P
1.0 81.99 02959  0.994 4 2.34 <0.001 260.81 0.23 0.938 7 12.62  <0.001
0.6 92.08 02865  0.9778 3.66 <0.001 350.08 0.11 0.862 6 17.88  <0.001
0.2 12556 02449  0.950 7 2.76 <0.001 510.45 0.04 0.877 3 4.54 <0.001
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Fe(5%)—-BN X} OTC AW B iz P 02 1 2 1 e i 44
1 FE, H OTC ASJE A 7 s A 77 W B, T 2 JE 7
BEHLIYTE Fe (5% ) -BN Feifi b4 70 fi
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Table 5 Thermodynamic parameters

AG/ (k] » mol™") AS AH
313K 303K 293K (Jemol™ +K™") (kI:mol™)

2

-6.10 -3.71 -2.56 175.82

3.5 pH FNESF 5 B X R B 14 BE Y 32 i

Sy IFEAS TR pH LA K S JIAS [ ¥ BE 1) Na® |
Ca” VW HEA T IR B 25 28 25 R 181 9 s, F K]
O T LLFE Y, BRAE Z5 AT B ) T I B S o 1 2

49.15 0.953 1




ST ST W HE R R = 1.0 ¢/L, Co=150 mg/L
B8 R IRH AR
Fig. 8 Effects of temperature on adsorption
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AR =BT TS558 OTC 47 A4S 7 L g Y L
T FVER, BEE W pH 1T+, OTC A £

SRR BRI A = 1.0 /L, T=298 K, C; =100 mg/L
9  pH FNEFF58 FE X WR Bt B 5% i
Fig. 9 Effects of pH and ionic strength on adsorption
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Xof R 95 A B Sk R
3.6 Fe-BN HIfEINTEEMSEMAR

it FHIC 7K T 0 I I 2 W o Js W B 75 v
OTC, ELE WML F ARt OTC, FFHE+ P4
JE TR R E DR 5E . & 10 JB/R T 7 4 IR
WIS , WX OTC B 2B B 43 RAE 94% LI
I B R IE A Rt

ST A W R = 1.0 /1L, T=298 K, C,=20 mg/L
B 10 WRFH{EIEEE
Fig. 10 Adsorption cycle performance
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11 WRBHHI/EAT FTIR & E
Fig. 11 FTIR spectra before and after adsorption
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bR A, B2 = 4 OTC A W B 14 B, i o 22 T
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(2) Fe—BN Wt OTC 54 — 98 1 24
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Gb BRIE A T W B, e AE Na® 0 iz B 3 A7 IR
TR,
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