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Abstract: To identify an economical, effective, and environmentally friendly free radical activator that can stimulate the oxidative
degradation of organic pollutants with persulfate (PS), nano—Fe;0,/biochar (BC) composites were prepared, characterized, and tested for
their ability to stimulate PS to oxidize tetracycline hydrochloride (TCH) in water. The results showed that the three mass ratios (1:4, 1:2
and 1:1) of the nano—Fe;0./BC composites could all stimulate PS to oxidize TCH effectively. After 4 h of degradation, the concentrations of
TCH were reduced by 80.1%, 82.5%, and 86.5% for the treatments of 1:4, 1:2 and 1:1 of nano—Fe;04/BC composites, respectively, while
the treatments of single nano—Fe;04 and single BC only reduced the TCH concentrations by 67.7% and 61.8%, respectively. The presence
of HCO3 and H,PO7; significantly inhibited the degradation of TCH, with HCO3 having a stronger inhibitory effect than that of H.POZ, but
the presence of HCO3 and H,PO3 accelerated the degradation of TCH. The results from the scavenging experiment and EPR measurement
showed that 'O, was the main active substance, followed by + OH. When reused for the third time, the removal rates of TCH by the 1:4, 1:2

and 1:1 nano—Fe;04/BC composite treatments were still higher than 70%. Therefore, nano—Fe;04/BC composite material is a potential PS

activator that can achieve rapid oxidative degradation of TCH.

Keywords : biochar; iron; persulfate; tetracycline hydrochloride; oxidative degradation; free radicals

DU PR R HErtt A Rz i
I RMPTAERMIEZ 7 HTFRXRE YLD
E NS A AT ot W L & 3 1 B2 A L3 AR
A FE R A Y B e R A AR S T R Bb AR
FR M 24 A ) R B, LR — i s T PR B N fi
PR A RUREE T DRI, 3K R B ik DU PR 3R b A=
F 7 VLS R A R ) E R 2 )

b B R ER (PS) AL AE A B B B ey AR AR
Iz TR KA BN A5G g 0, PS AR B4R
R TT A B BAE— 8 451 AT AR A A Bk Ak
PRI ERAR B 1 3£ (S05+ ), S05 - FAg — A 9I0 HL 7,
AL LA (2.6 V) IE = TRl R ER AR (S,057,2.0 V),
BRI A HIE(-0H,2.8 V), BB A LRE
1M A SO% -« X ] ik — 4 5 H,0 4 I 42 B - OH, SO; -
55+ OH AT D PR B A — S5 ML Y7o,

PS (436 AL 7 sUALFE HIE Ak L 58 A 630 A A I
BB T (Fe? \Co™ Mn? %) fE AL 210, Horpd i 45
J& B T A T A R TR (HUR AR B ok IO
L, B2 KR pH M FIR AR . BRIk, HErH
K A4 8 AL Wi AL PSSR U 4w
BRILMEALT R T AR F B AR AT RS AS R A7 5
G Iz T PSTEAL . AUOKIEERD™ (Fes04) Fe

i A O E G EAE S IG5 T [l R & R
LIt H Fe;0. %A Fe( 1) M Fe (), HF AT FE 2R HY
PRI S ARG & A 5685 . PRI, 400K Fes OB tA
P UIE | S SR DA OEZN X 3R p S

KT SEAR FesOuf M0 KL B T 2R, 2 v 0%
TEHERE , 7T 90K FesO4 5 Z2 FLERARMRL, a0 A= 9 ok

(BC) S HEAT45 A, Hil 15490 K Fe;0./BC E A M BHH T
WGBSR o AW & B0, BC AT AT 1k PS B
A LG 0 A8 BC Tl B b A HLTTE ek
o U ST o A 2 SR 2 T R o A PR 3, X P
Al RREAFTE T BC UKL N, F7 a5 L/ N B LA
HWLUBC E s AME A BT #U& PS4k S0i- Atk
R AT AILTS e BC 2R 1T 5 S0 g A (LR
I RIS B AL O Re , ol DI Fe (1)
WA Fe( 1), BEMA R K P21,

AT il £ T AR B HE A 4K Fes0/BC H A
BoRE, AR ER U ER 2 (TCH)VE R B #5159, BF 53 1%
A RRHE AL PS B TCH BIRCR: IR A R R L
52 A M RE A B B S - Rl 20 TCH B i 3 26 1 5%
M, 43 BT 40K Fe;0./BC & G b BHE 1k PS B fif TCH 1Y
BLER, IF R Sz i A AR AT 8 2 R R E .

1 #MEETE

1.1 #4K Fe;0/BC 8 &+ Bl 8 R R

4K Fes0./BC & A b BHR il 45 T 1 2 BRSO
[13]c 300 mL 25 T 7K B F 500 mL = BRI,
T A 30 min HER B AR PRI 9 g
FeCls- 6H,0 F14.6 g FeSO0,+ 7TH,0 THER 23 1Y = 152
P, ZE T R IIHUEEE 1 20 min, 43R & 1536
7.68.3.84 g BC T FRIR G, 2 N ALBRHE 3 he
LR A BRI 70 mL e 20K , 7T MEL 34 B @ 350
A B, E 50 CCoK B B AR SE AL FE S 4 b, SR
JE RN R A B AR P T, A
Wy PG AT 43 5, 43 B 0 A T 25 8 1K e I

WWW.QEs.0r9.CN




m@g 1060

URETRR Rt Y F 4155 5H

5, JoK LEVE U 3K, 16 60 CE 25 T4 9 T8
12 h, #7340 K Fes0,5 BC R L M 1:4.1:2.1: 1)
AR B AK Fes0, 38 2 1k 25 LU TE A 1 5%, 25 TR
[FIZ0K Fe;0/BC EZ A M B, Rl FE AU BC,

¥ 1 2 [F FEI Quanta 250 FEG %39 4 H, 7 5. 13
WL EE T il 25 A4 RH R RS . fF FH V-Sorb 2800P
U b 3R 1T FR S AL AR 0 B A S A i A RHEE 77 K 2%
PN R/ B £, IF38 1 BET 33153 H A
B H e T A AL S FLAR I K/ . R D2PHAS-
ER %I X 5122 175 5L (XRD , 7 [#] Bruker 2 7)) 43 871 BF
il 5 A R A il R 45 4 5 2R FH NicoletS10 7Y iy fef HL 21
S 3% AL ( 5 [ Thermo Scientific 23 & ) I 5 44 K} iy
FHEEREA . -
1.2 TCH B9 W Bt B P& R 06

W B 5 - % 150 mL % 45 TCH (¥ &£ 4 20 mg -
L) B KA WS T 250 mL = ff i, 158 %R O PS
(IIA 2 mmol - L™ il B B2 EH) BC(FMA 0.2 g- L7 BC),
K Fes0s (A 0.2 g« L7494 K Fes04) | 40 K Fes 04/
BC(1:4) (M A 025g-L" A M 1: 48998 %
Fe;0./BC R A M B 44 K Fe;0./BC(1:2) (ST A 0.30
g L JHHE N 12 FI48 K Fes0/BC &2 GHKE) (40 K
Fe;0./BC(1: 1) (A 0.40 g- L FihE N 101 A48 K
Fe;0./BCE AR EL) , 76 150 r-min™ .25 C F Ik, 7
AT 0.5.1.2.4.6 h B U (F9 5256 % B0 TCH AT LATE 6
h ik B FRP-) o BEREURE 2 mL, 33 0.22 wm JERE, 2R
FHERAM=1T DL 266 R 11 (356 nm) I %E K I H TCH
PV, 5N R EDS TCH iYW Ft g

Wik it 3% 36 R W B 38 3 SF 5 (6 h) S, AL 2
mmol - L SR EREN (1 mL) PE4 7 B A5 , 15 e b 1A 22
fE150 r-min™ .25 C TR , 435 F 15.30 min . 1.2,
3.4 h i HORE (TS 56 & B8 TCH 7E 4 h P 3k 21 B~
7)o BERBUFE 2 mL, BURERS 7 BN A 2 mL B DA YRR
KA Z R A AR R 2k AR Bt
0.22 pum MR, S 41T WLy Y T (356 nm) il
JK VW TCH Y& B2, J R AT 58 Ah =] I 43 66 i it
(510 nm) M2 % Fe (11 ) B U, HARS 7 3%
Z: WL3CHk[21].
1.3 402K Fe;0./BC A EXF TCH B P& F#R1E F

DL FE A 11 B8 K Fes0o/BC NG K4 KL, 45
150 mL %45 TCH (¥ & 4 20 mg - L) f /KR E T
250 mL =P, BEE 39K Fe;0/BC 7 (0.2.0.4
gL' A10.8 g+ L) , WL FF 6 h JG A 2 mmol - L 3 i FR M
(1 mL) PEF 7R MR, #2208 1.2 /N5 v (3 56 D)y i ik

1% WHART]

ATFRAE I KV TCH MR
1.4 FBEF3F TCH P& fE R 220

DU FE R 121 BNK Fes04/BC A IR A1 L, #7
H80.4 gL AR IIA TCH B K 20 mg - L A 7K T
H SR 43 AN A 20 mmol - L B+ €17 . HCO; . H,PO;
FINOs, I3 E AN B % e, B 6 h JS A 2
mmol - L 3 B B2 44 (1 mL) P17 B AR 56, 435 F 15,
30 min.1.2.3 .4 h RAEDE KW H TCH IR .
1.5 BRFIXF TCH P& R B 2201

AT BER B IR B iR I EE S SOs-
(3.2%10° mol ™ +s™) Al - OH (9.7x10° mol™" - s™") i i 1R
P, VRIS S, BT P - OH(3.8%10°~7.6%10°
mol ™ +s™) KL HE SO7 - (4.0x10°~9.1x10° mol -5 ) 1,
Xif + OH VR FCRCIE G721 R | A 5 fif T R st e K
SO;- Fil-OH, {#f LU T BEVEK -OH, L-HZ M FdE B
L S A (10L) W B 6 0h 5.0%107 mol ™' -s7' 2,
Il L4 2RV K 1020

DU FE M 121 BO4NK Fes04/BC ik ga 1 KL, -
Fi IR 0.4 g+ L FHE A TCH ¥ 4 20 mg - L (/K I
WP B 6 h R A3 i A AR KR R BT L L
2 R , FF 1 B AN IR IR ) B RIS AIAC 2 mmol -
L7 B B2 A (1 mL) #E 47 B g il 38, 43 51 F 15,30
min ., 1.2.3 .4 h R E K TCHHRE .
1.6 BEHEMEBHENEE

FIDMPO(100 mmol - L)#f#i3k A H13E - OH F1SO; -,
FHTEMP(10 mmol - L) i 3RE A fi 5810, i FH L )i
% 2L 4% % 3% A (EPR, E-500-9.5/12, Bruker 2\ #) ,
) R AAR Z A SRR A SRR AR AR
FIHN ] 40 s, JE 08 B 1 G, FLPRA5 K 9.83 GHz, i
BIR 20 mW , #5523 25 42 dB.

2 GRS

2.1 BCHEFHMK Fe.0. IRIE D7

B 1A R AR SEM R AEZE R . i & 1aml LU
F i, BCREZEMN, lLRMAUK . & b Al Al 41K
Fe; 04 S URLIR , K42 <100 nm , J0k; 22 8] 58 /™ &, fifi
HEFHIA/D . E e~ 1e 2 & 91K Fe;0./BC
BAME(1:4.1:2,1: 1) B SEM EAE, Al & H 3F &
BB E K Fes 0. REIE I 5 73 A #E BC K1, #843
HEin e BCZS B EL , MR DR T 40K FesO4 119 KL 141 28 1]
R, U B BC AR S 2R A B AT A 200 B K FesOu,
KIENN T ANK Fes 04 22 T2 THIFHL

HH 28 1A 1, 25 AR K Fe,0./BC 1 H 22 17 R



XA, 25 4K FeaOu/ A2 W) 15 AL IS BRR ER PR 1R

1061

B
E
=
o

g% T .

gggg

Dato 8 Nov 2021
Teme 122358

1 BC #IK Fe;0, 14K Fe:0./BC B R 53 E]
Figure 1 SEM photos of BC,nano—Fe;04, and nano-Fe;0./BC
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Table 1 Specific surface area, total pore volume and

average pore size of different materials

L iR LA EHALAE
R S i

Material Specific surface  Total pore volume/ Average pore

atena area/(m’-g ') (em’-g™") diameter/nm
BC 53.92 0.09 11.14
K Fe;04 68.59 0.06 3.15
YK Fe;0/BC(1:1) 170.40 0.48 6.54
YK Fes04/BC(1:2) 11631 0.28 7.22
4K Fe;04/BC(1:4) 89.26 0.20 8.43
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Figure 2 XRD patterns of nano—-Fe;04, BC, and nano—Fe;0./BC
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Figure 3 The FTIR spectra of nano—Fe;0., BC,
and nano—Fe;04/BC
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Figure 4 Dynamics of Fe( Il ) concentration in water treated with

different types of nano—Fe;0s materials
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