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Abstract

In this paper, CoFe;0.@NC composite catalyst was synthesized using rapeseed as a carbon source
and cobalt ferrate as a loader. The catalyst was used as an activator for the degradation of bis-
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phenol A (BPA) by peroxomonosulfate (PMS). SEM, XRD, XPS, and FT-IR were utilized to investi-
gate the physicochemical properties of the fabricated catalysts. The ability of the catalysts to acti-
vate PMS to degrade BPA was verified by different catalyst systems, different catalyst dosages, dif-
ferent PMS dosages and solution pH. The results showed that 95.87% of 20 mg/L BPA was de-
graded in 90 min when both the catalyst and PMS dosage were 0.2 g/L, and the reaction was acce-
lerated in weak alkaline condition, and 100% of 20 mg/L BPA was degraded in 90 min. The active
substance burst experiment confirms that both the free radical pathway and the non-radical
pathway played a role in the degradation of BPA, and that the contribution of the free radical

pathway to BPA degradation was as follows 10; >0, > SO, > -OH.

Keywords

Biochar, Cobalt Ferrate, Peroxymonosulfate, Bisphenol A, Sulfate Radicals

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

U A (BPA)E — Rl N 73 W TR, FAFAE AR S ™ B 1 AT R[] S22 AR R W] BPA
VERAFARE Y 2 I8 N J i R, Smaie LI A R LEEAR R, 5 3 Ryl les AT 570 e 10 A0 KU [ 2]
PHLE R A K PR KD BPA BOA T 3B VTR 753K o i 20 AR (APOs) A7 %5 B 4 (1 A B 1E o 1 A8 A BE T RO 1
T b7 SR B AR [3] . JE TRIIRIR H H13£(SO; )i APOs £ ARA # HuFJE H % (-OH) B i ) ik ik
JEHAL(2.5~3.1 V), X TR FE R A A et e (4] B, S BEIT AT PMS w24 i
BPA J&N T RIERI L.

REBARAMIE(MFe,04 Hoh M —BON ISR A1), BRA RGNS, mEeE s
R RN ZRES]. [FII, REABREARAE 2 pH Y B Y AN /KPR 85 rhotof iod S PR TR R
(PMS)#E R A B R A AT PR 5 1 AL IR IE FIVE (6] [EARERATRZ, MFe0 HoA — & MIRAIE 1S
FE 73 BRI I R ST A [ 7] SRTIAESEBRI T A, MFepO, b HL A (1R T AE 3350 T b AR £

RN FEAR T HEAGIEES]. AL,  WfaT 3 SE D 70 B MFe,O, v 8L R A2 B AfE AL I FE 2 S 7 g R
f1 T

BTV RMEHBC) BT o, FHIEIL RS 5 BRI e B2 W AE N6 7S I #iAp
JRZ RIS FLRIEIIFLBR A5 AT DL B B A BT (K75 Qe e it S N (R3EAT [9] o RIS AS[EF— BOR A1 k)
it BAAN G BEARET HASS S AT IRUE T PREMBORE JE B 1 R a1 i 2k — 2B 5 v 1 AT (AL
PERE[10]. [AIE, A AR AR MFeO, BB IAA BT A it B 15, it EL AT ASE B 22 A3
P AR — 0 48 5 A AR L PR B

ISR E & BICER SR N TS I K G2 4% T CoFe,0,@NC E A AL, i1tk PMS
Bfigt BPAC ASCEEMTFL 1 - 1) i IREUVBREH % A ZE VIR AR CoFe O, 3243 1 — M BRANASE A 44
2) NC il CoFe,0,@NC #EHAHEALYES; 3) FEAFFEMAE R AFRMELTIEINE, AR PMS SoingA
VR pH BRI RE BT H 1 HEALTTAN PMS B S AR5 4) PR RSB I0AIE T HEAL VG 1E PMS /% BPA
RS TR 0 2, SR TR RE R N AR HLER
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2. SCIOERSY
21 FEHEENH

Xy A (BPA). JUKAHEREE(Fe(NO3)3-9H,0). 757K AHERES (Co(NO3),-6H,0) it 45 HLAR IR 5 (PMS)-
R (HCI). BiFR(H,S0,). HER(HNO,). EZEALHI(NaOH). HIEE(MeOH). #UT BE(TBA). X4 (p-BQ).
FREZ(FFA), LR o dral, 18T E 28 b X5 A R A A .

PE TG T4 P28 (SH-4, T B 22 S AN 2R AT PR A7), pH AX(PHS, A A2 28 I A0 A FR A 7))
BRI (OTF-1200X, HAEEMEARAF]), HHMERSNTEAH(DHG-9030A, Lifffs 7 ik A R A
"), HTFOHR T (MHL104/02, MERES—FLRIZ AR AIRAT), Mol (LC-100, Li#fhifRlE
IERA PR AF]) .

2.2. fEUFIBHIZE

2.2.1. NC BI&

H4 T SR I SR B 4l 7K IS Ve 13 AE B Al K IR 6 /N JE B HE R 25 B2, Bl S 7E 80°C TI&4E T
1 6 /NI o A4 TR IR SR TON IR AL B 2P AR U T B 5°C/min FHIR 3 700°C IR KR 2 /N A H1 S
B . A 1 mol/L HCI & v £ BR 245 J5 I 0.5 mol/L NaOH FEB 4l /KiE we it pH Pk . 80°C -1 & il 15
IS A APkt 48 NC.

2.2.2. CoFe,0,@NC Bl

LL NC MEk A % CoFe,0,@NC & &1k 7E5 50 mL £ BT /KIkest Hin A 500 mg NC. 6.89 g
JUKTEERE:, 2.32 g /N/KESERES (BE/R EL A 2:1) 0 NaOH ™5 pH B350 964k 1 /Nt . bkt ST TR ST
A 50 mL 5 28 180°C T hn#A 24 /N W HI TR B0 o £ 80°C R T4 8 /N, HXH 1531 CoFe,0,@NC
L AV F BE /R HE(2:14 1:1. 1:2) %3 i 44 4 CoFe,0,@NC 2:1. CoFe,0,@NC 1:1. CoFe,0,@NC 1:2,
2.3. EUFIRRAE

{5 FH 434t FEL4R (SEM, Quanta 250FEG) WL %2 il & fi AL I ROM 3 s 45 F X S 24173 (XRD, Ultima
IV)HE G R 2°/min, 3 AN 10~80° 70 M f i fm B A2 Bl s (6 X 5 28 0% L 7 g i (XPS,
ESCALABX+) 43 M A 77 (1) e o 4L s il i A8 FELIH- 20 A 54 (FTIR, Bruker tensor 17T 1 AL
Tf B RE
2.4. I REMIR

18 F & ) CoFe,0,@NC & A AL fF BPA SKIGHIE FH A A0 A5CR (CC 35 ok i W 52 6 (AL 77 2
4 CoFe;0,@NC 2:1). E45E, {EREA A 50 mL &4 20 mg/L ) BPA ¥, fIA 10 mg CoFe;0,@NC
AL LA K 10 mg PMS. 7E pH 5256 H1 R A1 0.5 mol/L ) HNO; A1 0.5 mol fJ NaOH K i/l 7 A8 2211y pH f .
SRJE, U1 mL (R VAT 0.45 pm [ SR BN LI U8 25 BRI IR 2R N B2 0.5 mL (1) S
WRRIBERE R . Ba, B RO it {X (HPLC, LC-100, WUFENG, Shanghai, China)*7£ 280 nm
KT WA 7:3 P EEK, fEEAEN 30°C, JiiEy 1 mL/min.
3. RS
3.1 EUFIMNMNER

I SEM Xt % 1) NC Al CoFe,0,@NC B-E#RHEATIES 3 114 1 o . B 1(a, b) AT LA 3]
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m.o [ 1(c, d)aT LAWLEE 2] CoFe,0,@NC E & #1RIR A Al H 4% CoFe 0, MUK B o, #873 FLIA A 70 T
RZ CoFe,0 ML, #87) CoFe 04 B H 71 2 FLIR AR MM 43 BB N4 21, AT WIS A BLIR [ 2R - 73 B CoFe,0,
AT LA N5 AR AR5 S B0 A i 3 7D B2 e B [ 28

Figure 1. SEM images of the prepared catalysts NC and CoFe,0,@NC
1. Erl&E L5 NC 1 CoFe,0,@NC HJ SEM &

3.2. #FTE XRD 47

mE/ (au)
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Figure 2. XRD plots of different catalysts prepared
2. Bl &R REMEL TR XRD B

AT HFFE NC F1 CoFe,0,@NC E A MEALFI SR LE Ry, FAMEH XRD Xf— R AU FIBEAT T RALE,
Wil 2 Fros . EAF NC 75 25° A A KRGS M. 1 A S8 3F ik 45 /) (JCPDS 41-1487) (1) 44 (002)~F i [11]
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KT RM B I A . CoFe,0,@NC B A #ALFFI7E 19.16°. 30.12°. 35.53°. 43.15°. 53.42°. 56.97°
A1 62.69°4b 45 7 MNMEFEIE, 435 5 (111) (220). (311). (400). (422) . (511) F1(440) (1) CoFe,0, (JCPDS 22-1086)
o T e B DUIE[12]« 6 W0 T CoFe 04 B Ak B R A B K 18 .

3.3. EUFINTRIH

N T 5t NC i1 CoFe,0,@NC & & A0 77113 [ 2L R 73, 458 XPS XA FRIZEAT T At il 3 B o
w3 fras NC 1T Co O N JuE#HATIE], JTTREGED MY 69.46%. 21.88%. 8.66%, ilEsL [
NC MR II & B BA NC 1 NE AT % 1) CoFe,0,@NC A fALFIF C. N. O, Fe. Co JeEIIHi
M, STREEDHN 10.79%. 1.26%. 19.73%. 46.67%. 21.55%, F£H] T E &4k CoFe,0,@NC I,
AR AR S XRD —8. i, CHIN JTHE S & BIFFE TR Z R NI T Fe Al Co X & &AL
TR B R AT

CoFe,0,@NC

- Cls
=
<
S~ L~.
)
s} Cls
O 1s
' N 1s J
A
NC
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Figure 3. XPS spectra of catalyst NC and CoFe,0,@NC
[l 3. ##1£3 NC #0 CoFe,0,@NC HY XPS JE[E

3.4. BEMLTIMEM

CoFe,0,@NC 1:2
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Figure 4. FTIR graph of the prepared material
B 4. Frfl &M FTIR B
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T FTIR SRR B 400 2 1 1 5 B T 4 Fis. #PBHE 2970 cm™ i1 2880 om ™t Ak fit i
N-CH-BE 5 SR E 3H[13]. FEHE 1050 et AL ig AR IEH ) C-O MR E Bh[14]. (HAVERK)
& B R AR T VA 556 cm L AL FLT AR . 7E 556 cm  AbFRIE Sy Fe-O U [15] LI 35 o 45 gkt e 1) 184
ZUETHAIE R . DL R IRRIA T AR MR B 3 & R T H A A HARRRE, ah 71 3 2 AR PR R 1 1 AR
& T CoFe,0,@NC B & Ak .

3.5. fELFIMERESHT

NT WA RS A A FIERE, FATEAT T — R P SLI RIS UE AL TIAN PMS 15 HE 300 &2 A0 4k
FIHT PMS A& RAEL 8 KBRS R IE RN o il 45 1K — RAVEAG IR BPA W SUR AR, B
IS ] LS o A RER UL, N2k fF )N CoFe,0,@NC 2:1=0.2g/L, PMS=0.2g/L, p(BPA)
=20mg/L, T AZEI, pH AVIHERPEH =7).

35.1. FEERET BPA MEEHE

Wik 5 fros, AR A PMS I, BPA ISR LFA S KA, U T 840110 PMS A2 [ fi# BPA
BRI, 44k R in ANEALT IS S Rl & A4, BPA KA T M. TN NC Al PMS 14 234 BPA # &
BT B BEAR A R AN B B, 90 min ) BPA X B# A 11.32%. 2444 Z 1 [F] IS il A\ CoFe,0,@NC 1 PMS
J& I SERIE K A2, 90 min 5 BPA BEEZRILF] T 95.87% % NC 1 PMS 14 & [1) 8.47 £, UMl A EHMUAE A
AR, CoFe 04 N1 EEY T -

1.0 1
0.8 1

0.6 1

C,/C,

0.4 -

0.2 1
—s— PMS

0.0 _—e— NC+PMS

—4— CoFe,0,@NC+PMS
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B} 1)/ min

Figure 5. BPA removal under different catalytic systems

5. FEMEWLIERTH) BPA KR E

3.5.2. AN[E CoFe,0, Ta#iE THIFEREHIR

K 6 i, A CoFe,0, 712 F BPA MBSO A i E R . B FIE BN & 10 B Rty 2:1 1
7E 90 min FEARBCRIET] 95.87% 40 FLAE Jyik B . 9 RIEEH & (B8 /R EE oy 1:2 IFHFE 90 min [ ARARL
FIEF] 64.51%L0EE IR LA 2:1 WA FTBRAR . SR04 RN B F50 00 & (0 BE R B 101 BEZE 90 min B AR 2 SR AR
60.49%, & =FhBINE M RARMEL . 7[R Rkl B AR LU Xt B2 N7 PR i 2 SR A5 BT R, CoFe, 0, HH IR BR A
JEFE R 2:1, DRI 43Ik ROk JBE R LRy 2:1 BT R L 6138 1 58 22 1) CoFe,O, HE T AN TR S 8 ) KA o
D LM 38 R R B ZR LG 2:1 Sy BPA IR BRI«

DOI: 10.12677/ms.2024.144052 457 PR R


https://doi.org/10.12677/ms.2024.144052

ESV/EAN

1.0 4

0.8 -

0.6 -

C,/C,

0.4 -

0.2 1
—&— CoFe,O,@NC 2:1

—e— CoFe,0,@NC 1:1
—A— CoFe,0,@NC 1:2
(Il 2|0 4|0 6|0 8|0 160
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Figure 6. Effect of catalysts with different molar ratios for BPA removal

6. N[EEE/RELAIHEAL T Bk BPA R

0.0 -

3.5.3. PMS iR @ Xt 4L 9B MG

K7 BioR, AFEE PMS #onsE 2 50 BPA [MBEARACR . 24 PMS FI4nE M 0.05 g/L 34 hn%) 0.3 g/L
i 90 min FE#2E M 83.98%38 IE] 95.87% . 1X & H T 5 £ ] PMS &1 LIS~ 21 SO, , #FiM e Mk 2
s, SR 0.2 g/l 3 0.3 g/l FEMRBCR MG 5eTt, BN H HEA S 2R A AR KRN T3 LR
RIZC[16]. FFRATIEFE 0.2 g/L 1E NP IAEE PMS K E

1.0 1
0.8 1

= 0.6

c,/C

0.4

0.2 1

{—=— 0.1 g/L PMS

0.0 -—*— 0.2¢g/L PMS

—a— 0.3 g/L PMS
T T

0 20 40 60 80 100
i [ / min

Figure 7. Effect of different PMS dosage on BPA removal
7. T[E PMS 2 &3} BPA ERRHSRAIENG

3.5.4. EAFIREXHELIERER D

8 fiian, MAFERR BRI AIIIN B R NAR R, BPA (ARG BA R B4 . M58 0.1
/L B RS B 61.14% , 34N AL 71 I A 0 T I N 2] 0.3 g/L T 97.43% . M4k sRI)
BN, AEAL S LS R R RIS PMS, SERMESUR K. SR PMS EH R ER
EATIFEBA 77 A 2 10 SO, K%M BPAL KA T 4 (A i i 243545 0.2 /L (1L 711 0.2 g/L 1 PMS
1B Ry e I ) S 56 264
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0.0 1
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B} T8 /min

Figure 8. Effect of different catalyst dosages on BPA removal

8. TRIFEALFIIRMEXT BPA KBRS/

3.5.5. AR pH FM T o437 R R g4

K9 iR, pH T RBLFIFEMA T 3 . 24 pH o 3 I 1k R & AR 28y 58.98% [ N B T T %, 4
pH & B VR S REZ AP I, 24 pH B Bk — PN F| 11 )5 OV IE E HH 100%%) 91.43%. &
JRAX RIS 1) SR PR AT R PR, 24 pH OABRTERT HYES 122 F1 SO, R AR SUN(K 1) 30 1 S R AR [17],
24 pH R o e i A S G N S A2 R OH ik T S BUR N Ini#, AT & OH #1S0O;, KA
FHEAEHSECT -OH MY (X 2) SRR R [ FRAIK[18] o T LA, HEAL AN PMS 14 2 R 8 78 M S5 AF A

SRR S5 T RER I H R U bR RE 77
SO, +H" +e~ > HSO, 1)
SO; +OH™ —S0O? +-OH @)
1.0 -
0.8 1
< 0.6
<
© 0.4
—— pH:
021 o pu=s5
{—A— pH=7
0.0 ¥ pH=9
—e— pH=11
0 20 40 60 80 100
i 18] /min
Figure 9. Effect of different pH on the removal of BPA
B 9. I[E pH Ttk BPA B2
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3.6. FEMEPFEE

N T E RN HE YRR AR AE AR AR FR N, B T AN R B R KGR0 BPA B g 72
foFndIfER . seatrh, % MeOH {4 SO, Al-OH KK s A F AU T BE(TBAYE N -OH [ K5 K
I 2K R (p-BQ) RAE N O HIM K7 LA L A% FHBERE(FFA)E N 10, JE K. S28645 Fan i 10 Fizn, MeOH
AW MBI R R, RS E RR BT A, ARTTTBE S TBA R3S N S ROs 2 5 A i ek, wi T
SO, NEEMMIEEIT . 24 0.5 mol/L 340 %] 1.0 mol/L i, BFARRCER A B S8 B -OH JE A
THRR. G 11 Fos 2 p-BQ IZUG NI, SN [FREREAS, 1] O, AE N R RIEVEY T 2 —1E B fif BPA
W RFEVERT . FFA AEJ9EE B H IS A L2 SRR SR B S R4 Z2 v, o s 1) e e ke A 2 B S g
HRCR, SLIGRIA T, HHREAEHEA HILE R % CoFe,0,@NC Fl PMS 14 R 4% BPA 24 FH HLEH
Fhigf ot BPA [fB4f# 'O, > O, > SO, >-OH.

1.0 1

—=— 0.1 M MeOH
0.4 +—e— 0.5 M MeOH
— 1.0 M MeOH
—v— 0.1 M TBA
0.2 —e— 0.5M TBA
—<— 1.0 M TBA

T T

0 20 40 60 80 100
B /8] /min

Figure 10. Effect of different concentrations of MeOH and
TBA on the removal of ammonia and nitrogen

10. ANELEREH MeOH F1 TBA XK R A0 2201

1.0 4

—=— 10 mM p-BQ
0.7 +—e—20 mM p-BQ
—&— 30 mM p-BQ
—v—10 mM FFA
0.6 —¢—20 mM FFA
—<«—30 mM FFA

0 20 40 60 80 100
B} T6) / min

Figure 11. Effect of different concentrations of p-BQ and FFA on
the removal effect

11. NEFREHI p-BQ #1 FFA 3K FRIRAIFZ MR
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3.7. BB IZHMIB ST

CoFe,0,@NC E & HEALFIAN PMS A5, Fe (11)/Fe (1)1 Co (111)/Co (INKIH A& FARE] 1 2 CHE
BYER . Fe ()1 Co (1) PMS #2447 HLFIE R T B B 3@ A2 (X 3) [19], A2RLI SO, A1 O, FlE HLm)
BPA KAl 33 T BPA NN T =W a2 A CO, AT H O, [RIEF Fe (111)F1 Co (H)FE 2 B H ]
DAIE 2 A, RIS 7R AL AN R =0 2 (R A A IR SR (50 7~8) [20]. BARAM RN IR 1
CoFe,0,@NC L FIFI R A RIE ST AT REE, LSS PMS 158 "0, HE k(R 9) [21]. [FIR
PMS ] DL AT 90 il S S I RE T I 105, 5 25 RN SRl 33845 1O, IR IR 4/ BPA.

Co(III)+HSO; — Co(1l)+SO; +-OH 3

Fe(IIT)+ HSO; — Fe(I1)+S0; +H"* @)

HSO; — H* +S02" ®)

SO¥ +H,0 —» 0, +S0% +H" (6)

Co(II)+HSO; — Co(1ll)+SO;, +OH" @

Fe(Il)+HSO; — Fe(IlI)+SO; +-OH (8)

2CoFe,0,@NC — O0H + 2HSO; — 2CoFe,0,@NC - 00" +2S0;, +'0, +4H" )

4, &Eig

1) i ALK SRS & T CoFe,0,@NC Ak, fHH AT LU/ PMS Sk F#f# BPA. X i
34T T SEM. XRD. XPS fil FTIR Ak, RALLE KU 17 3R 0 2 fLBIAR NC 7148 1351 CoFe,0,
WKL, & ) CoFe,0,@NC K IHIfA7E CoFe,0y4 i, H.LL NC NEERAFE RS T3 78 FIF & IR TH H #g
il

2) SLIGIGAE T AERISAMET 90 min 7J LLFEA# 95.87%f BPA, & 1) CoFe,0,@NC 1AL 7] B A s &k
Y. H CoFe,0,@NC 2:1 [ff#{b 3R & NC. CoFe,0,@NC 1:1 1l CoFe,O,@NC 1:2 [f] 8.47. 1.49 f 1.58
%o £ pH S5 R LA B CoFe,0,@NC AL T LUIE B 55 BRURIE P85, EBH 1 HAH R4 1) S

3) MEILH K S K I BPA IR 9 BRI H AR 1. 'O A EEMVE YR, A g
MAEE d2ERR 25 ROV HX BPA BB AL TR KA 5Tk

SE Tk
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