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Abstract

Bisphenol A (BPA), as an estrogen-like substance, has posed a serious threat to human health and
ecosystem stability. Persulfate (PMS) based Advanced Oxidation Processes (AOPs) have shown
great potential in the removal of BPA. In this paper, biochar/Fe? composites were prepared in situ
by using straw as biomass by carbon thermal reduction method, and were used as a catalyst to ac-
tivate PMS to degrade BPA. The results showed that a large number of carboxyl and hydroxyl func-
tional groups were produced on the surface of straw after alkali hydrolysis pretreatment, which was
beneficial to the loading of FeZz* on the surface of straw. The catalytic performance of PMS for BPA
degradation was enhanced with the increase of Fe? loading. Additionally, BPA removal efficiency in-
creased to 98.5%, when the dosage of composite material was 0.15 g-L-1 and PMS was 0.20 g-L-1, and
the solution pH was 8.0, respectively. The results of free radical quenching showed that both sulfate
radical and hydroxyl radical were involved in the degradation of BPA, but the former played a domi-
nant role in the degradation. This study is expected to provide a new idea for the design and prepa-
ration of high-performance catalysts for the degradation of BPA by PMS.
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1. 518

Wy A (BPAYE N — R SRMERER YR, PIEFROSEREE . T mllh, AEdkh AR, ™ i
i3 S H B ST N [1] . BPA B A I R LA BAN 2, ANRTIRE G bt 1 FL B2 T3R8
HAR BPA (EMETH RIRERAR, MAAE&EWSEE, B EMAERE2]. WHFARM, MEm
BPA REfEXT 210 FRAG AN LE A fi HEE RUsUi . HRT, BPA CHHR 2 E ZMALFI N BIHLSE L5 G4
[3]. T BPA XF ARMERAMMAEI G E, FH—AibRE . AR E R 25 L BPA NRER AP
TSR BEAT 2 R B BT R

AR — R DL TR VEY R R KRBT, CA I M T RIS R R B . e,
Tt IR v SR AV R P AR O R R AR ) 25 (SO ) B A B ARG B i A R (3 1, oA ol i
AR SN BT IS . HAT, & T PMS 77245 SO, Wb 1 28t e )m, W
Fe. Co. Cu fll Mn [4]. 7ELL LiXSEEJmrr, BRI, maPkEMEk(Fe’) i T HIAB AL . B Gtk
(B [Fe®= —0.44). i HAAME, Witk 2 T35k PMS. SA1f, Fe® MRHG M . Fase Mz H
SR, AR A T H R, B AR BORMR[E]. v T SERk Fe® (X s, $2 i Fe® Xihis Jem it
BRCR, A R s R AR E N BN AT 0. TR, AEVIRIRE b HR 1 S AL A
1. BRI R M BRI AR S A v, R AR AR RH AR 51 T 8% iR [6] . K Fe®
FEAEEDR b, AT LA R Fe® ke K kase b, 1 HLA R F IS AR R [7]

ASCUAREFF AP IONFIRARE, % Fe® AT RAL 1805, I mif i — Dk & A e re® 1R
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EREE FELUILN LTI PMS [Ef# BPA. SZIGIRA T Fe® IakE . EVRIFe® HAMEHINE .
PMS IR pH 58 20 2 A AT RHEAL B iR BPA TERERIFAN o 383 [ 383 K S2 i, 3R 7T T AR e
HEFEMEI PMS Ff# BPA [ M HLEL . it FRBFTE, A8 NE BPA 25K b G WIS G i 2 b%
AT LI

2. ¥ E55/%
2.1. SEIEAHRL 5%

HAHI(NaOH). LKA RRRR I £k (FeSO47TH,0) ZEE(CHsCH,OH). #U T BE(TBA)YI A M 4li; XU
1 A (CisH1605 BPA). HIEE(MeOH)¥ A4l I HBRAMN(PMS, 4% A 42%~46%); FEFF K HILHE
IR SR KN 2B K. BPA g5 fEl 1 Fs.

HO OH

Figure 1. The structural formula for BPA
1. WEp A g

HLF- 73 BT RF-(BSAL124S A, 1&[H Sartorius A m]); = 0K AH (L% (Ultimate 3000 %4, 3% [E Thermo
Fisher A#l); ¥ H T (DHG-101-3B &, Lilg MU a8 A R A R); 8 75 % 1% (1990QTD
A, bR R AR PR AR HAEEA(OTF-1200X A, A LR RHE AR R A F]).

22. £¥IRIF EAMBNEAMRINSIZ

1) FEFFROTIALIE: FH 28 FACK RE R B0, BT A NIE Y 30 min DL BRaR T 1R LRI A0
BtJe, 1 mol-L™ f) NaOH ¥ IR 24 h LUKIAREFT . 2 JE KR AT 45 i, 78 450 rpm FOBEFESEAE T, LA
0.1 mol-L™ f) HCI AR M FEFT 30 min, #)o, F B FACKFEMERA IS FiGdk 3 k&b, BT
105°C s AT ERAE TR HET, 1dh JG-0, A4 o

2) VR BN IR EN R E S ARSI 43 5.5624 g, 11.1248 g. 16.6872 g il 22.2496 g I
FeSO,7H20, ¥+ 100 mL i##4lizK, FInA 1 mL K& 0.1 mol-L ™ ) HCI LABH 1E Fe* 1 e A BT IE -
AN 2.5 g BRI MFEFFIG-0), BT NBRE /I HiFE4% LA 350 rpm MR EHLHE 3 h LLEHT a4 53k
SERIREAT N 105°CET RN T 3 h, 2 51E R IG-2. IG-4. JG-6 Fl JG-8. 43 I FR NS5 i &
JG-0.JG-2.JG-4.JG-6 F1JG-8, L= il NWI4H IR &, 423 180 min M 20°C %2 500°C , Ftif 1% %k 2.6 °C /min;
FFAE 500°C A FF 240 min 2 J5 [ ARA B =R, BRI RIF® ZAF K, 4 5id A BC-0. BC-2. BC-4,
BC-6 #1 BC-8.

2.3. RIERE

SR FH {8 BRI 2 /65 43CAE 400~4000 em ™ 5 Bl A 52 42 & b4 B2 T 0 B BE [ <K 48 v 7 S s LA
TAEHJE N 5.00 kV, 7E 1500xF1 10000x 550 F W E A M ELR LSRG 450, FFELL X STk aE
IX(EDS) /W E TR0 s K X BFRATHC E M IFe® 5 &M B S M AT 20 . 8 TAE R
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N 40KV, HLHN 40 mA, HEEK N 0.02°, HiEE N 0.1 min, TN 3~80°; R E RO G
BEE BPA HIMREE, KM AN: KA C18 JeAl:, VshAH b FEEAI/K(75:25, vIV)ALEK, iEN 1.0
mL-min™, 5 35°C, KN 276 nm.

2.4. EWHE

AR IFe® A EHE L PMS B BPA 5256 7 10 BALHE LU R = AN 4

1) Fe® gk Bxt A A AR L PMS B BPA 21 F 10 mg & A A Fe® 41 3% & (1 5 & 44 BH(BC-0.
BC-2. BC-4. BC-6 il BC-8)/r B N3 pH 4 6. ¥ N 20 mg/L 1] 100 mL BPA . ME &M K
30 min Ik F%T BPA B J5,  F40 I RS SR I AR 2 A PO B0 20 mg PMS BLIT 4R BPA FEf#
. FEREMRINHEAT 00 2. 5. 104 15. 20. 25 1 30 min NFEEA7HURESM 4T, LLARE AR i IFe® 52 A Akt
(B i Fe® 13 E .

2) BEMFSEISHOHE I PMS Ff# BPA [{52m9: B 100 mL 463N 20 mo/L () BPA &, fF. L
WAE R B Fe® U AME N, BEACLL N ILASE0 BPA BRI, BiRais: EVwiFe® E 44
BHENE(5.0. 10.0. 15.0. 20.0 A1 25.0 mg). PMS £ (5.0, 10.0. 15.0. 20.0 A1 25.0 mg). pH (4.0.
6.0. 8.0 F110.0). 7EVCEM A AN, HUREIFEIE 0.22 pm PES [BEyEa%id g, %A ROk iy 2 5l
4 BPARE .

3) AWmIFe® E A EHE PMS Ff# BPA IINLEEIR 7. ASZIAIFH TBA Al MeOH 5 i K 71 f
FE A EHELL PMS Ff# BPA FINLEE. B2 43 pH A 8.0. KA 20 mg/L ] BPA 7&K, 1E_Fidscigit
LHIZAE T 5l SONAR 2 5] N TBA AT MeOH LUK ELAFF 7T BPA HIBE R ERE . FRHE BPA F#fAEMERE
ESONTEYIRIF® B AR PMS B4/ BPA HIHLEEL,

3. B{R5WL
3.1 EMaR/Fe’ EAMRERRAE

AT IREAFERT Fe® M REREES), W AR FEREAT T AKRAEEE . KA S AR FE AL A RAE 45 S ]
2 FR. SEIOEE KRN, HARKMBFEFFEEATHILL, KRS OG-0)i i s /£ 1700 cm ™ 40 A1 3448 cm ™
AL FRF AR AT PTG 55, 3K 23 IR T C=0 IZFHRBN[ 7180 O-H JE B4R RN [8] . 123 Ab e 5i B2 I 5 vt o2
1 NaOH (/K i IRt 7 REAT R I KRR IE AR L SE I BT 88, 76 613k Fe® IOid At by, REFFRR T o

C-H >o-H
2900 3448

REFF KR
1024 — R OKfRE)D
c-0

500 1000 1500 2000 2500 3000 3500 4000
Wavelength (cm™)

Figure 2. IR spectra of straw samples before and
after hydrolysis
2. FEFFHERIKARRIE IR
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2R I SE M L P B s A o 2 1 Fe™, (LIS A TR AMRIR T, Wiia R T Fe® ik &
(K3 In[] [10]. UhAh, PREAE B T HEARMELE, 411024 cm AR HVEL T xR C-O e R zhig[11],
2900 cm ™t AbHYEL T X RF C-H 4R IR BN [12] -

N T FAEYIR SAMRTESRE, R B (SEM)X LT RAE. w5k, R,
1500x A1 10000x PiFf{% ML 1 FAGRFF . FEAT KRS (IG-0). FEAT /KA 113k Fe® eAEFFK 73 Fe?*
WAL G (LL JG-6 5HATAE M BC-6 AW MR SMMONEEM, 2R 3 Frax. JRIGREFF AR T e
FEHCR (K 3(aL))Mxd edg . mifE s B (& 3(a2)), W LAMER B R A7F 101 2 24 R EHLRE SR . 4
KRS BIARSAT (IG-0)TEAR A T (] 3(b1)) 5 A FE AT ITESL LT — 3. 1M7E IG-0 Bt B+ (& 3(b2)), W]
D S0 b WL 5% AR 3 T (0 JIORE A 2Bk o X T AE RS KM RS FE R, NaOH a5 FT2 1 1) 2% S F
TEHVREBURLE N . 24 113 Fe* 5 (JG-6), FEFFRIELI(E 3(c1)ME 3(c2)) 5k 7 IG-0 T &% 5,
XL Fe? B S AR RS AT B 485 W T A5 72 A B i

Figure 3. SEM images of original straw (a), JG-0 (b) and JG-6 (c)
B 3. RiaFEFF (@), JG-0 (b)FA JG-6 (c)HI SEM

N T EGAIE Fe I RCIN T38RI G R EHE(EDS) it — L4 T E &M KL IG-6 1 BC-6 It H A1, 4
B 4 fE 5 frar. BT Fe MIRTIRIA N FeSO,7H,0, ik, 1E#E4T JG-6 ) EDS FH#ilf HHEL 1
SERITTE(E 4(d). MIE 4e) PR LLEH, Fe?*fE JG-6 ik s, RIUIBIRKIIE . N,
M 5(d) AT LA H, BC-6 IR Fe® thok MBI R IR, X0 Fe fERSFF RS R FE T RAEFRI S
Bk . @I X JG-6 A1 BC-6 1 EDS Yeilh b (] 4(H)AE 5(e)) Rl LLEH, C L&A Fe RS EINA AT L
Tho XEHTRAGE RS, FEFFHR AP0 4T 4 R AR B R T ok, I AEAR 5 C Jn &R ALl
. IbAh, EAMEILELE BFERK, T Fe JERAMIMITRETRERE AL, NS T
Fe JTCREAMIR E G MR I LLG) BTt
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Figure 4. SEM image of JG-6 (a); Element distribution (b~e) and
EDS spectra (f) of C, O, S and Fe

4.)G-6 B SEM El#%(a); C. O. S 1 Fe BT E 9> % (o~e)F1 EDS
R (D)

Coxcn [sar]os]ea

Figure 5. SEM image of BC-6 (a); Element mapping (b~d) and EDS
spectra (e) of C, O, Sand Fe

[# 5. BC-6 B SEM [Elf&(a); C. O. Fe By5TZE mapping (b~d)Fn
EDS it (e)

Table 1. Fe loading of different biochar composites
= 1 TREMIREEMHE Fe ARE

VR E AR W ' (Abs) WP (mg/L)
BC-2 0.006 3.12
BC-4 0.013 11.14
BC-6 0.024 24.32
BC-8 0.065 73.41

N B EACR R YR &M R (BC-2. BC-4. BC-6 il BC-8) Fe TR & &, Xt EAMEIE
177 AR SES . B AR A BT 1L mol-L7 i HCL b, BOH: B 375 0 FE R Wi 4 e e FE
IINTAEDN IR A AR Fe &8, 45 R nZe 1 BoR. & 1 aTLUE Y, Fe 1) 38 & B A IR AR VA Vi FeSO,
I P4 i 1 0

N T IRFCAEYIR LA B SR G R, R X 75 (XRD)X AT 081 W& 6 Fios, ik
g, Y RASFIEAR B T o B R A R BC-0, M, H XRD EE R SRR EIE . ML R,
AR Fe® AW BC-6 (11 EIHELE 20 9 44.7°4b H1 3L T %+ T Fe® (JCPDS No.06-0696) [k I , 1% 3 B 4
wEAM R Fe® MR E . FN, kYR BC-6 AL 20 4 35.4°, 43.1°#1 56.9°4bit B 1 %}
% T FesO4 (JCPDS N0.19-0629) (1 HFAIE I o tH WL FeqOy 1 J5 R 52 H Tl 25 AL W) Ik S A kLR EE A2 <,
SEEY F® P AP AR BTG T Feg0, [13] [14]
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Figure 6. XRD characterization of BC-0 and biochar composite
BC-6
[ 6. BC-0 fE 4k 8 5444} BC-6 B XRD RAEE

3.2. Fe’ A BRIk /Fe” B AFHRHEIL PMS FEA% BPA IS

Fe” R MAL I RIS S rh e, BRI, A3 ELBEUIR BPA IBEMERCR . 14 7 AN Fe® fidid T &
EMEMELL PMS [/ BPA FIZUR .

1.0 |-=

0.8

0.6

cic,

0.4

0.2

0-0 _I 1 1 1 1 1
-30 -20 -10 0 10 20 30
t (min)

Figure 7. Effect of different Fe° loadings on the degradation
of BPA

& 7. NE Fe tagi Exf BPA BERENFIN

SEAERKY], EREMRERE T, PMS X BPA MRS EAL, £ 30 min 4 BPA FIFEMRFEICH
4.5%. 14BN T YR 2 48 EH(BC-0. BC-2. BC-4. BC-6 1 BC-8)J5, BPA [{J[&AREER] T K
ETE. SR1M, BC-0 fiEfk PMS [#fi# BPA {134 A [z BC-2. BC-4. BC-6 fil BC-8, iX# W] Fe fE LM
RS IEEE BPA HIRRMR. X2 T Fe® RMALRE O, BB SRR, E4FR D Fe
(& ARG, (et T BRSNS AT o BEA, MBI LUR I, BC-6 MMM AE, %
IS TE] 4 30 min i, BC-6 XF BPA [FERIER] T 93.4%. 1M 44kS4tm i E % BC-8 i, %Ak
BPA [RIH Ak B AR R A i AR (MR R AU 86.0%) 0 3% 2 1 T E & M RHE it b Fe? 98t K S8t
YR EAEMEL EIE R Fe® KA T HR[15], ST RBREHEA SR, R T RERIRR
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AU FEE, BC-6 AR E AR RO MEALE R S, BRI, 765 SEsiie ri 5 Ll BC-6 AR B 700t 52 .
3.3. £4m/F’ EA MBI ME X W PMS [ BPA BRI

AR IFe® B A RORME A AL SR s M A S AR A, RO B i S AR BPA (R4 A
BORAE ERRAGE Fe® AR AR N, B E AR E XL PMS [# 7 BPA 520 . B 7€ 8 I 40,
BPA IR R B ARSI & s i 0. 24L& M 0.05 g L #2712 0.15 g LM i,
BPA HIFEfFR M 52.9%F2 T+ % 94.5%. X2 i TR IS S, AR TiEME A B0 AR, A
HEFRARTEBE AT & . T 243N B 4k S & 0.20 g-L ™ A1 0.25 g-L L i, BRI A P i R T 0.15 g L Y,
{HTE 30 min i}, H BPA HIREMF 5 0.15 gL I IR MR 2RI/ X2 T4 E ARt &,
SRR R AT, (1RSI S PR, misgm 7 R . Bk, WNEGFHE%E, R4
4% 0.15 gL AR E SA R R RN

1.0 |&—

0.8

0.6

cIc,

0.4

0.2}

0_0 L 1 1 1 L 1
-30 -20 -10 0 10 20 30
t (min)

Figure 8. Curve of catalyst dosage on the concentration of
BPA

8. BUFIILMEX BPA JRE %

3.4. PMS M @£ Yim/Fe’ EEPREN PMS FE#E BPA AISZNT

PMS 245 IFe” A EMEILIF iR BPA RG4S A0 RIE. 78 BRI Bt Fe® fidk B A
MBI ERZM T, TH5C PMS #ONEST BPA BRI, 2585 9 k. 24 PMS BIREEMN
0.05 3= 0.20 g-L i, 7 30 min P BPA [ F4fRZ M 71.3% 48 F & 96.7%. XK I BPA [ F4 il Kt
PMS BRI NI, 1024 PMS B E k44T % 0.25 g-L i, BPA [HIRR A2 4K % 90.9%. X
FERZ BT H SN N (A R(1~3)) 1 PMS JEBR B (A X (4)FI(B)), FEUL &K PMS X BPA 1]
B 28 7 T BRI [9] [16]. AL, BRERESR 0.20 g-L 7 ¥ PMS VE N 5 4L SEI i1 S A Foin &

SO, +S0; —S,0% @

.OH +-OH - H,0, ©)

SO; +-OH — HSO; ®)

HSO; + SO, —SO; +S0% +H" 4)
HSO; +-OH — SO; +H,0/HSO; + HO, (5)
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1.0r —=—0.05g/L

] —+—0.10 g/L

0.8 |- I ——0.15g/L

: —+—0.20 g/L

—+—0.25g/L

_os} : 9

() 1
o 1
04} :
]
I
0.2 1
1
1
00F :

-30 -20 -10 0 10 20 30
t (min)

Figure 9. Effect of PMS concentration on the degrada-
tion of BPA

[E 9. PMS iKRE X BPA PERERHISE

3.5. pH JHEEHIR/Fe” E &M RMEN PMS &R BPA RIS

T pH EXTH AL PMS & BPA B EEENT, £ LIRS E T, %% 7 R[F pH %4F F BPA
MBEfRZE . Wl 10 FroR, UWIGEVEWR pH BN 4.0 #2714 8.0 Z [AIET, 30 min P4 BPA IR f#Z M 81.7%
PETH % 98.5%. XA H T RN ISFEF PMS 7 fRer=4E HY, SEUMNAR R pH E N . FI MR R 1
R PER s, RSP PR R N R AT s hAh, TERRMESAE T, HTT LV AERR /3= AE [ SO, F1-OH,
M550 BPA FFARTHE R FRR[L7] [18]. 4¥AT pH A 8.0 BF, M A B HREE 4% 5914 PR 58 Hh ) OH™
WSR2 A S S IE 1R AT [RJBS, 7E pH oW 8.0 IIZRA T, fEARFIR TR A T4, X
fRHE T PMS (ZF A sy 9.4)7E F FAE AL TR BRI BR, AR T3EPE B B B2 . SR, 4V pH 4k 42
% 10.0 B, BPA [IPEARZRAN 81.9%. XK ITESRIRIERMF T, EEMEHEN PMS F£f# BPA 11t
FEPEAMH o X2 TR AT, RONAE ETE B B S BRI 2 1 OH KA R, SEGH
Oy AR, TR BPA FHARRCR I FER[19]. Kk, SRIGk pH A 8.00 /E N &L pH 1H.

10 —=—pH=4.0

0.8 :

1

I

0.6 1

o I

8 |

0.4 ]

I

I

0.2 I

I

1

0.0 :
-30 -20 -10 0 10 20 30

t (min)

Figure 10. Effect of different pH on the degradation of
BPA

10. 7~[E) pH ¥t BPA PE&IRZR SN

3.6. E£45/F’ EAMERMEL PMS F£5R BPA BOHIBERST
W, PMS XA HLYS Jei ) 8 A O TR S 7 A 3 ik 1 FR B SEB20] [21]. ASS2ie AU T BE(TBA)
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TR (Me OH ) P9 % 2K 1A K e A it A 7= A 1R 1 B A 0 e I 2RI LEE o o, TBA AT BLYAE K -OH,
1M MeOH ] LAJR] i 4K SO, H1-OH [22] [23] .

wE 11 foR, AR MSIERHFOIINGE R TBA B, BPA FIREMRZREE A FRE: SR, 1 M IE R
IR & MeOH B, BPA 7E 30 min P 1 B f# 26 IHTAG T 98.5% T P2 T 26.5%. 1%SLE0 45 R IR,
PRI KA ER AT A BPA BEfE, XKW SO, M1-OH #8257 MR RN . HHT MeOH S B fiF HA7
SRICHIGIE A, X R B R R R FE ke SR I B B2 SO;

1.0 I —=— Original
—e— MeOH
08f . “—TBA
I
I
I
0.6 |
o I
o I
0.4} j
I
I
0.2 - 1
I
I
0.0 :

30 20 -10 0 10 20 30
t (min)

Figure 11. Effect of different quenchers on the degradation of BPA
Bl 11, NEFRRFIXT BPA FEEREIFNT

BT LRI, W T AR E S EREL PMS F# BPA MIFLEE, Wk 12 Fis. HoE, Fel
Wtk PMS ZE B SO, Fl Fe?* (A(6)). AR Fe® fefis 4k Sk PMS A & SO, (A7) R M4
J Fe* 1T LS PMS iE—20 N AE B SO, Fl Fe®* (A(8)). i, i A2 i) SO, %t BPA JEATFEMR(A
#(9)) [17].

Fe® + 2HSO; — Fe** +2S0;, +20H" (6)
Fe*" + HSO, — Fe*" +SO; +OH" @)
Fe* + HSO, — Fe*" +S0; +H* €))

SO; +BPA — CO, +H,0+S02 )

\ HSO;
BPA
SO; +-OH

€O, +H,0

BPA

’ CO, +H,0

Figure 12. Mechanism diagram of BPA degradation by activated PMS
of biochar composite

& 12. £MxEEWMRIEN PMS (EfE BPA H1IEE

DOI: 10.12677/nat.2022.124034 349 PRFEAR


https://doi.org/10.12677/nat.2022.124034

Ihiest 5%

4, 4Eig

AR SCR AR BRI SR S il 4% T —FRAEMIR 13k Fe® MR AHEALATRL, FERIEC AT, R
FHIE AL B R S B AR BPA HIRCE, BARZS ST

1) LAYtk Fe® Nuimkik, it AR RIL % T AER E AR B R R AR
UERH T Fe® TEAEMIR AP RIER I 5 k.

2) (EEAMEEINE N 015 gL' PMS N4 0.20 gL', ¥ pH 4 8.0 K% F, BPAKJ
PR 2RI F] T 98.5%.

3) [FF, i H IR K SRR T T AR A M EHEAL PMS INLER, € T AR 2 A4 BHPMS
R SHEEY R SOy .

E&WE

VLI KR T B H (2020043) . 14 38 T 45 T MR T H (JCZ20044) . B 8 7 A2 )R A BRI
(MS12020048).

SE

[11  BRANTS, Z24R, FEE. 2R S Y 006 Rl S vk BT FT[]. ) 4L T, 2016, 44(5): 26-28.

[2] Zzhang, L., Mi, J.L., Hu, G.N., Zhang, C. and Qi, H.S. (2020) Facile Fabeication of a High-Efficient and Biocompati-
bility Biocatalyst for Bisphenol A Removel. International Journal of Biological Macromolecules, 150, 948-954.
https://doi.org/10.1016/j.ijbiomac.2019.11.007

[31  XU=Af RS SRR 70 AT PE () F i AT 9 A E LI E FE[D]: [ 22 i ], bl HR AR,

2020.
[4] VEAE. BRIETT AR A O B A B X B AT HLROK B FT[D): [RE A8 50]. Bt e RO,
2017.

[B] FIFAR, BIHEA, A, & AR AOEGPKREM PR & KBRS 75 R LR R L R, R TR,
2020, 38(11): 203-210+195.

[6] FRERM. BRINGE & LR W R IR N8 A T IR KB 1 23 B 1 REAFF L [D): [l 24408 3], )N AR
2, 2020.

[7] AEdn, wKME, i, & SRR PR BN PRI IR FEFE T 19 KN R B AD]. 5
Bl 24, 2021, 41(2): 477-485.

[8] Khataee, A., Kayan, B., Kalderis, D., et al. (2017) Ultrasound-Assisted Removal of Acid Red 17 Using Nanosized
Fe;04-Loaded Coffee Waste Hydrochar. Ultrasonics Sonochemistry, 35, 72-80.
https://doi.org/10.1016/j.ultsonch.2016.09.004

[0 FRéddm. AEPIRIHO, M FIEIFH0 J5 v B AR /K b 0 2 =2 1) ORI 9T [D]: [ 22 A0 5], 122 Padbk 2,
2019.

[10] Hu, P.D,, Su, H.R., Chen, Z.Y., et al. (2017) Selective Degradation of Organic Pollutants Using an Efficient Met-
al-Free Catalyst Derived from Carbonized Polypyrrole via Peroxymonosulfate Activation. Environmental Science &
Technology, 51, 11288-11296. https://doi.org/10.1021/acs.est.7b03014

[11] Roman, S., Nabais, J.M.V., Ledesma, B., et al. (2013) Production of Low-Cost Adsorbents with Tunable Surface
Chemistry by Conjunction of Hydrothermal Carbonization and Activation Processes. Microporous and Mesoporous
Materials, 165, 127-133. https://doi.org/10.1016/j.micromeso.2012.08.006

[12] #iklR, FHH, B, 55 iR AV =20 5 P dil & A= M0 e BRAGRR 1 B s2 i 3], RO LB %4, 2017,
48(4): 284-290.

[13] Fan, H.G., Gu, J., Wang, Y.Z., et al. (2021) Effect of Potassium on the Pyrolysis of Biomass Components: Pyrolysis
Behaviors, Product Distribution and Kinetic Characteristics. Waste Management, 121, 255-264.
https://doi.org/10.1016/j.wasman.2020.12.023

[14] Guo, H.J,, Song, Y.M., Chen, P., Lou, H. and Zheng, X.M. (2018) Effects of Graphitization of Carbon Nanospheres on
Hydrodeoxygenation Activity of Molybdenum Carbide. Catalysis Science & Technology, 8, 4199-4208.

DOI: 10.12677/nat.2022.124034 350 PRFEAR


https://doi.org/10.12677/nat.2022.124034
https://doi.org/10.1016/j.ijbiomac.2019.11.007
https://doi.org/10.1016/j.ultsonch.2016.09.004
https://doi.org/10.1021/acs.est.7b03014
https://doi.org/10.1016/j.micromeso.2012.08.006
https://doi.org/10.1016/j.wasman.2020.12.023

Ihiest &%

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]

[23]

https://doi.org/10.1039/C8CY01136B

SR AR FIRIPR FMN BRI SR B A R R 35 J i 2 BT 7L [D]: [ A0 5], Kb I K2,
2018.

Du, J.K., Bao, J.G., Liu, Y., et al. (2016) Efficient Activation of Peroxymonosulfate by Magnetic Mn-MGO for De-
gradation of Bisphenol A. Journal of Hazardous Materials, 320, 150-159.
https://doi.org/10.1016/j.jhazmat.2016.08.021

Ghanbari, F. and Moradi, M. (2017) Application of Peroxymonosulfate and Its Activation Methods for Degradation of
Environmental Organic Pollutants: Review. Chemical Engineering Journal, 310, 41-62.
https://doi.org/10.1016/j.cej.2016.10.064

Ahmadi, M. and Ghanbari, F. (2018) Combination of UVC-LEDs and Ultrasound for Peroxymonosulfate Activation to
Degrade Synthetic Dye: Influence of Promotional and Inhibitory Agents and Application for Real Wastewater. Envi-
ronmental Science and Pollution Research, 25, 6003-6014. https://doi.org/10.1007/s11356-017-0936-8

Eslami, A., Hashemi, M. and Ghanbari, F. (2018) Degradation of 4-Chlorophenol Using Catalyzed Peroxymonosulfate
with Nano-MnQO,/UV lIrradiation: Toxicity Assessment and Evaluation for Industrial Wastewater Treatment. Journal of
Cleaner Production, 195, 1389-1397. https://doi.org/10.1016/j.jclepro.2018.05.137

Yu, J.F., Feng, H.P,, Tang, L., et al. (2020) Metal-Free Carbon Materials for Persulfate-Based Advanced Oxidation
Process: Microstructure, Property and Tailoring. Progress in Materials Science, 111, Article ID: 100654.
https://doi.org/10.1016/j.pmatsci.2020.100654

TR, TAESE, B, & oA RS A TR R R S S ATLERR ALt 2 [3]. RE4u46 T, 2021, 38(7): 1305-1313.

Benner, J. and Ternes, T.A. (2009) Ozonation of Metoprolol: Elucidation of Oxidation Pathways and Major Oxidation
Products. Environmental Science & Technology, 43, 5472-5480. https://doi.org/10.1021/es900280e

Guan, Y.H., Ma, J., Li, C.X,, Fang, J.Y. and Chen, L.W. (2011) Influence of pH on the Formation of Sulfate and Hy-
droxyl Radicals in the UV/Peroxymonosulfate System. Environmental Science & Technology, 45, 9308-9314.
https://doi.org/10.1021/es2017363

DOI: 10.12677/nat.2022.124034 351 PRFEAR


https://doi.org/10.12677/nat.2022.124034
https://doi.org/10.1039/C8CY01136B
https://doi.org/10.1016/j.jhazmat.2016.08.021
https://doi.org/10.1016/j.cej.2016.10.064
https://doi.org/10.1007/s11356-017-0936-8
https://doi.org/10.1016/j.jclepro.2018.05.137
https://doi.org/10.1016/j.pmatsci.2020.100654
https://doi.org/10.1021/es900280e
https://doi.org/10.1021/es2017363

	生物炭负载纳米零价铁活化过硫酸盐降解双酚A性能及机理研究
	摘  要
	关键词
	Study on Performance and Mechanism of Bisphenol A Degradation by Activated Persulfate with Nano Zero Valent Iron Supported on Biochar
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 实验材料与仪器
	2.2. 生物炭/Fe0复合材料复合材料的制备
	2.3. 表征方法
	2.4. 实验方法

	3. 结果与讨论
	3.1. 生物炭/Fe0复合材料性质表征
	3.2. Fe0的负载量对生物炭/Fe0复合材料催化PMS降解BPA的影响
	3.3. 生物炭/Fe0复合材料的投加量对其催化PMS降解BPA的影响
	3.4. PMS的投加量对生物炭/Fe0复合材料催化PMS降解BPA的影响
	3.5. pH对生物炭/Fe0复合材料催化PMS降解BPA的影响
	3.6. 生物炭/Fe0复合材料催化PMS降解BPA的机理探究

	4. 结论
	基金项目
	参考文献

