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Abstract

In order to explore the influence of the factors on antibiotic removal when using the S-Fe biochar
activated the persulfate (PS). Sulfur modified iron oxide was loaded on peanut shell biochar by
limited oxygen pyrolysis and chemical precipitation. Characterization by XRD and SEM proved the
successful loading of pyrite compounds. It can be concluded that the removal efficiency of
sulfamethoxazole is the best with 400°C, through the effect of biochar pyrolysis temperature on
persulfate (PS) activation. With the increase of the pyrite biochar dosage and PS addition, the re-
moval efficiency of sulfamethoxazole increased and PS addition played the most significance.
When the dosage of pyrite biochar was 1.5 mg-mL-1, the dosage of PS was 0.97 mg-mL-! and the pH
value was 5, the removal efficiency could obtain the maximum value. Therefore, the response sur-
face method can be successfully applied to optimize the optimal conditions of sulffonamide antibi-
otic solution removal.
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Tl b AR 3R — R B X R IR R i S5 M IR 2P AR, R R TSR 25 2 0 BRI N A fgk i
PEAEKENETER (L], Bk, PUERAEIATEERE, SREASHI AR A FEER L.

VRN — TR ISR DR kL, TE7K 38875 YL IMe & 07 T R 35 B BRI [2] [3] [4] [5]- B4
IRAAL AT DM # A, Faog gk BiRE, $E@i BH BTN A, B Res IS A sl B iR £6 77 A B e 2k,
By (6] [7] [8]. LK, VABRERAR NEAHM M T 2EPUAE RN LB AR 7T,
P 914 NBEAT T AR R TR 9K Z N 2B (BC@NZVI/NI) I 1k it 1 182 £k (PS) B it & /K h v b 22
(NOR)HIHF 7%, 45 KB, {EAI M B 214~ BC@nZVI/NI/PS 14 £ Lk PS. BC. BC@nZVI/Ni. BC-PS.
NZVI/Ni-PS 5% NOR HJ 2 BRRCRAT . ZHiAE[10]55 N\ LB B9 A& 81 B B0 70 3EAT AR R 1) N-15
FAF2)3ELFI(SDBC), FXF HEREA(PDS) AT IEA, SR TG KB, SDBC/PDS 4 2% K4 /K A4l
TSR B BAFR AR, S AR 20~45 min P AT L SE 4 2o, DRI, A ST i R DA
NHEFRGRY, UAeA 7 AV RRRL, IR ot AL Bk (S-Fe) B B A W (kAR k), T AR
A BT I T R A o i A P A g 2 R 9T
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LC-2030 7 = R At e A (HPLC) %% SXL-1216 T fdp. HEkssh - #4021 AL104 H 7 K°F-. 85-2
RUNER G 1R 2% . THZ-82 fHIRIR % 2%, 400Y H¥¥EHL. DHG-9075A 1 i s M T 148 .

2.2. TREEMIRIBIF

2.2.1. EH¥IREHIE

AR A TINARIERY . A TR BRK gKPed, W EE T 60°CHET, Fk
FUBRE, £ 100 HimMakif, s T i Et s, ier Sk, 4507 300, 400, 500°C
TRRAAE, AR R, XM FRiCY B300. B400. B500.

2.2.2. EEMRIFIE

1) BRI 4 0.02 mol Y] CoH,04-2H,0 ¥FAE 50 mL B4k, fEMEIHE T, A 1g 4D
"R, THEE).

2) WAVEW: ¥ 0.02 mol f] FeSO4-7H,0 F1 0.01 mol ] Na,S,03-5H,0 WAk 3 I & 7 50 mL 4tk
o

3) TESRMATHFE T, FWEIEBOE TR I IR R ER S, R B PTE S, XTI,
W BRI IR, SRAFMUTIETE 70°C LA gk

4) BT ARE T LI E, EEIEE N 300°C, Bkl h, A0 e A Y d 48 A,
3 AlbRic S-Fe/B300. S-Fe/B400. S-Fe/B500.

2.3. TREEMFRTEWN PS KPRt pR EAERE

FREL 20 mg HIZE YD Bk AE W%, 10 mg 81 PS, ARV 10 mL &4 0.02 mol-L ™Y, pH{E A 7
FRYRE e ORI R o IR TR E TR IR o8 AR Y, 72 NINFR] 4 5. 15, 30, 60, 90. 120 min HUAF,
P 0.22 um RIUG IR IENEIL I, SR HPLC 43 M i Hh IRk e FRERE , T S e FR e 1) 25 Bk
Ho RN AP R IBRAER AL R 5% PS I RAE R =S X E.

2.4, EEHEEMS SN

K H HPLC 4:Hrfishfid FHEE [ 5, fai 444 Ultimate® AQ-C18 F:(4.6 mm x 150 mm, 5 pum), i3}
MA K = 60140, N 1 mL-min™, KK A 264 nm, FREEN 35C, HEFAARN 10 pL,
KARTE BB Ve AR Py, i FRE A () O B I 18] 24 3.7 miin.

3. &R51tie
3.1. HRBEMIRAFRIE

K1 AR R SEM B . 18] 1(a) NIESE 400°C THI& A Mm, AWm EE 2R, H
KEDGH, AOEMAL. T S-Fe fiE)5, EREME2.5 KT, AR LRGP EERER, H
FIEHRE(E 1(b)), EERMEECT, AR 2RV 5 0387 AR VR & i s A #8514 1(c)), R HH EDS #—
BTSRRI TR ARG, 155 Fe S HIE BTN 27.9% 3.2%, O & M 25.26%3 1
& 44.72%, EEEMEYNER STy, HEZEH Fe, S, O M1 C A ik,

AR S-Fe AL A4k —5 K FH XRD #EATHRAE (1 2). BIFAT S, 20~30° 76 58 Y 5e e A= 4 e f e
[11]. 2T 17.2°, 22.6° 37.5 HIRBE AT IEIE AE W)k COt: Je IR Bn e, IX 2 i T8N T S-Fe & [12].
K, SEM il XRD FRALLE FALFNE T S-Fe st A= 1) S h & i o
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Figure 1. SEM images of biochar and S-Fe/B400
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Figure 2. XRD spectrum of S-Fe/B400
2. HREREMIRAY XRD 1EE

3.2. WREKHE IR GBI T TR EL L P A E ik R e
K 3 BB A IR TS PS PR gttt i FHEME ) L BR2R . (AT 50, FR— PS Xffififi FHEME B 25.1%
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Figure 3. Degradation of sulfamethoxazole by S-Fe/B activated

PS
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A ) 6 PEE AN (R 2 o S VR RE[13], DR, i3k — S 0 1 o) 48 U P ot Vi A i e R A ) 2 )
(& 4). MEhaT%n, RS E (20 min)Py, S-Fe/B300 1 S-Fe/B500 NN, fifffii F ISR () 25 B m] ik 51
60~70%, TfiJEiB G0, B SOSI EBGI0, EERES-TAR. BEE R RS, YR 2 ALE5
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Figure 4. Effect of biochar pyrolysis temperature on activation
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3.3. MM EREER

I I B DR 2R 6 O S S e PR A R R ) 2 I 2 RN A AR K P YE R, R A e R T AR
Box-Behnken Designs (BBD)¥ it k&£ AEYR)INE. PSHMERM pHE 3 MAZE, Wit=K%K
SACERES, IR P KPR 1 PR &R 1.3 (SRieo bR, L i PR A AR FE Dy 0.02
mol-L™", 4&# 20 mL.

Table 1. Factors and levels of response surface methodology
= 1 mEEREERESKFE

KF
-1 0 1
& Xy/(mg-mLY) 0.25 1.25 2.25
PS ¥ Xo/(mg-mL ™) 0.25 0.625 1
pH-X3 5 7 9

HR4E BBD iRI BT %, R E ORI IR R S-Fe/B400 FH T & ML Iy s A1 2 B 1 v
FEAFF T RN E . PS WINEF pH XA R RERL ) BRI, HSiRg Rk 2 fiok. RA
Design-Expert 8.0.6 {4 xf S5 45 FdkA7 04, &2 70 IR EVA T FERN

Y =119.47+10.94X, +146.55X, —31.40X, -4.87X, X,

+0.66X, X, —2.53X,X; —3.13X7 —64.77X 7 +2.20X} (1)
SR
Y AT 2
X1 yg&ﬁﬂ%,
Xa N PS NI
X3 N pH.

Table 2. Experimental results of response surface analysis

2. WNE TSR ER

Sl H# X % X, FI# Xs S Y

No. B (mg-mL™) PS #s AT /(mg-mL™Y) pH FRFRI%
1 1 0 -1 83.8
2 1 1 0 84.3
3 0 0 0 75.4
4 -1 0 1 71.6
5 0 1 1 81.8
6 0 1 -1 90.1
7 0 -1 1 59.8
8 0 -1 -1 60.5
9 -1 0 -1 80.8
10 0 0 0 78.5
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Continued
11 1 0 1 79.9
12 1 -1 0 51.1
13 -1 1 0 74.8
14 0 0 0 66.2
15 -1 -1 0 34.3

SO A B AR BEAT 7 25 50 AT B[Rl VA R B (B3 MR, &5 SR L3 3. #8578 P {0 0.0120, /T 0.05,
BRI R 2, RIUIANE (P = 0.6172 > 0.05), iiWIFk =2 HBENLIRZESHEN; thsh, BRAH
K ZHR® )9 0.9439, FZIE e ZE(Adjusted R?)y 0.8429, i BB X IS0 A FE B B 07, RS L St
e -5 M R 25 5 00 SN2 E) (0 56 2R, RIS AT AR 2% 7 Rt s A b i i P F 2 ok 250 4T 20 A0 00
[14]. HERLrf PS 3 1016 %5 WE 7 A PRS00 5535 (P < 0.05), Tt B PS VA 1T 42 5 ML Tl FP MR =5 o o 1) T B
IR 3 AN DR ZoT i e e 2% B e R 2 K/ MRV PS TR > #oni: > pH.

F Design Expert 3 FFIAEAGIHOT — k7 FEBAT AR 4T . TT LA B AR ARl i FR E I 25 B A )
IBRER AL IS AL PS (£ 24 1F, BI4INE 1.5 mg-mL™. PS ¥ 0.97 mg-mL™ 1 pH {5 5 I, Tl
iz FRIE IR ) 25 B e K, 4 93.6%.

Table 3. Analysis of variance

F=3 HESW
AR 5 RIS <Vl H HE 5 F 4 P4
Y 2912.19 9 323.58 9.35 0.0120
Y 2912.19 9 323.58 9.35 0.0120
Xo-$e & 176.72 1 176.72 5.10 0.0734
Xo-PS TN 1962.51 1 1962.51 56.68 0.0007
Xa-pH 61.05 1 61.05 1.76 0.2416
X1Xo 13.32 1 13.32 0.38 0.5622
X1Xs 7.02 1 7.02 0.20 0.6713
XoXs 14.44 1 14.44 0.42 0.5469
Xi? 36.25 1 36.25 1.05 0.3531
X5 306.32 1 306.32 8.85 0.0310
Xa 285.39 1 285.39 8.24 0.0350
BR7E 173.12 5 34.62
JAY I 91.28 3 30.43 0.74 0.6172
Rz 81.85 2 40.92
R? 0.9439
Adjusted R? 0.8429
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3.4. XE{ERAYHT

T U R B i FR R L B e 1A HAE L, SR FH Design expert FAFFA g T 52 0 D] 25 0] i fi HH
WEE A = o 23 g i 17 T PRI (P 5) 0 1] 5(a) R A2 24 pH A 7 B, BN PS ¥ lin 20 s e FR Mg e 2 e o0
sEm . BN S PS W IN&EL o ma RIS RN, AR AR, HEmLEITRERIR, SHHHZ
HAEHN RBRFEMAK, XE5K 3 I P H—F[15]. i FRERe 23 bR 0 #0022 F50n 48 i i 386 in
(17, M\ 34.3%753 AIHE NN ZE 51.1%, Tt B B 2k A5 47 ¢ A5 M0 0 10 388 o Ao it e PR BRI F IR BBt 1 B 24 A A
PS 3 fift = A= T8 22 BN MR

P 5(b) 2R (24 PS RN 0.625 mg-mL ™ i, i & AN pH Xk i e 25 BR R (s, s
f 2 S AR BT , 150 B 9 2 P e FRIGE I 2 B 6 5 AN KR, 3X 5 S ) 35 1 23 45 R — B (3R 3) . 48T
T fiie FRGEIE () 2 BR 26 BEAE pH SN eI INGE ISR, SRR SRATFAHEL, FEBMESRAE N, il PR g 25
BRRIFRE RIS, ERONBERE DU E R A Y, L FRERTE pH KT 6.50 I,
B, S TIRSGREM, PrAZRSEYR R Z A R s, B DUEfe a2 Brae A% 1

570.25 oA

(b) #nES pH
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Figure 5. Response surface plots of the interaction of various factors on
the removal efficiency of sulfamethoxazole

5. &R FEZE RN RS A PR R A0 Sy 1 ]

[16]. LM pH Xk EVR IS AL PS HISZIIFAK, X5 _ESCHRZE Hrai R —8(3 3). &1 5(c)&m
[ 2 BN 1.25 mg-mL ™ IF, PS RIIEAN pH AP SRR BRI 0 . 2 pH 4 5 1), EHREN
60.5%8 N 90.1%, HI L PS AINEXS AR, X5 EZEED e R84 3), PS ivINER P
fE e/, SRR

N T AS I S VA TS A R TSNk, S5 A SEPr iR, MEREm A I Y TR PR DB £ 2%
FEBLS M FHHTIOAERES 3 Wk, P RBRE N 91.8%, BT FNME, FI T %W B AL LB —
FETE i VSRR A I AT VR, A28 R BRBRAE ) 5 5 B A WS S I S B B I 225

4, &g

(1) KA DR IE T I S-Fe (b & ke Aok 1, ELGHi i FRBERE (1 25 BR R B B 1 8
M PS. BREAEVI RN EN I, A A4 i ) 4l BE T Bk AR e R T FR R [ 2 B S T v s e
%, TELE 400°C I it FF MR ) 25 ok 0 R A i o

(2) 4% BBD LRI Eit, iz = R &K =P m R ki, BARS 1 Rk A YR Boin & 1.5 mg-mL ™,
PS ¥ I 0.97 mg-mL ™ il pH {5y 5 i, $i A Zm % HREME (W) 43K BE v 0.02 mol-L ™, #AF124 20 mL)F)
EERFRK, N 93.6%.

(3) mA STV BT B - FARRAG T A R v 25 R R e P A A B 3, 3 A DR 0 il fe FR TG A 2 ok 2R 1) R i
KKK PS IINE > BInE > pH, BREAEVIRIINE 3G N, ok FHEme iy B S 4t 7 s 2 4
AR, RN T PS B

EEIE
[ H AR 75 HF R 55 42:(21707089); K2 E QIFT I ZRit-Ji T H (cx1804008) .
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