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Novel magnetic biochar degrades BPA by activating PMS

WANG Shanpeng', CUI Kangping', LIU Tong', NIE Xianbao’, XU Zhengjiang®
(1. School of Resources and Environmental Engineering. Hefei University of Technology, Hefei 230009, China; 2. Anhui Shuguang
Chemical Group Co. , Ltd. , Anqing 246003, China)

Abstract: In this work, magnetic CuFe,O, @ SBC composites were prepared by sol-gel combustion
method and used to degrade bisphenol A(BPA) by activating peroxymonosulfate (PMS). X-ray dif-
fraction(XRD) , scanning electron microscope(SEM), Fourier transform infrared spectroscopy(FTIR)
and X-ray photoelectron spectroscopy(XPS) were used to investigate the physicochemical activities of
the composite materials. The results showed that CuFe,O, was stably loaded on the surface of bio-
char, and the composite materials had abundant oxygen-containing functional groups such as O=C=
O, C—0O—C and —OH. By batch experiments, the degradation effects of BPA by activating PMS
were investigated under different conditions, and pseudo-first-order kinetic fitting was performed.
The results showed that the removal rate of BPA increased with the increase of magnetic biochar dos-
age, PMS dosage, temperature and pH value. It was found that the magnetic biochar could still de-
grade 91% of BPA in the third round of catalytic degradation tests. In addition, 'O,, « OH, SO, -
and O, + were found to be involved in the degradation of BPA through quenching experiments, and
'O, was the most effective species.
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17 3 AL PMS [ BPA K, 455K a0
B 11 frs. HE 11 AL S 1 55 2 B
55 3 5 MYBPA A 41 I 100%6.,96%6,91 %,
IZE SR 2 A A H 5 R A 0 3 v fR R
T RIS PR 7E SEPR R K AL 3 B AT
FA I R 5%

0.8F

0.6f

c/co

0.4f

0.2F

0 20 40 60 80 100 120 140 160 180
t/min

11 CuFe; O, @SBC EEF AR #h 2

2.2.5 BAwERFERRE
i+ EtOH %f « OH 1 SO, ~ « #A R
IR HR, 28 H T TR K K R o OH A

SO, « .1 TBA &% T oKy « OH,
RYEK SO, ), % EH] FFA 1 BQ 4l
5'0,.0,7 « BAT @& RN 2R, FEA #1 BQ 43l
PHME O, Oy« BYPERGR . 4 Fh i K550 %
CuFe, O, @SBC+ PMS A& Z [/ BPA [ 5% 15 411
E 12 fiR.

—— X I

—*— Cron: Cpms =100:1
4 Crpa :Cpys =100:1
v Cron: Cpms =500:1
—— Crga :Cpps =000:1

c/ey

0 10 20 30 40 50 60
t/min
(a) EtOH FITBA ({1540

0 10 20 30 40 50 60
t/min

—— XA —e— Cppat Cpms =100: 1 —A— Cpra:Cpms =500: 1

—v—0cgo=0.5 mmol/L  —*—c¢py=5.0 mmol/L
(b) FFARIBQ (50

12 FXFIFF CuFe, Oy @SBC+PMS & % f£f# BPA B0

HITET 12 A] 1, 2R 5 v A7 AR VE IR F, BPA
RT3 iR 52 21— B

M 12a W] LA A . BE A& N AR &
ceon ¢ s AM100 = 1 A F| 500 = 1, EtOH X
BPA [ i i 40 il 4 F 3458 . 60 min Py BPA [ fif
RN BT VOREE TA%0 s MR NIRRT csa * cous
100 : 1 #3500 : 1 B}, 60 min Py BPA [&f# %R
MO1VoRE 2 8400, MBI Hb#L EtOH #1 TBA Xf
BPA [ i 1 F A0 22 53 1T LA B [R) Rk B )
EtOH F1 TBA #REE™ A= i V5 H L AEZ Hir py 4
HVEFIR T IS4 PRI AT LU « OH #1 SO, -+
#RXE BPA R 1F DK (EL AT 7 P AR X
R, deAh, MR B AER R P cpon ¢ cpus 15 F
500 ¢ 1if, BPA F [t AT SR REAE 60 min ik 5
74% 3% B CuFe, O, @SBC+PMS & & H1 11 &
FIEEPFPEEAZE « OH AR SO, « bR %E



E BN, A R A ) R E AT — BRI B A

105

5. B 12b AT LA 24 FFA AR
NAR R G BPA IR LT 80 A5 11024 cng
MO EHIE] 0. 5.5. 0 mmol/L i}, BPA F&fi %4y
HIREARE] 86%6.52%.,

FIREERFW] L FE CuFe, O, @SBC &1k PMS
Fefi BPA MR R 1O, B R TTEk & [A] I,
« OH.SO, « F1 0O, « 25X BPA 1yfiE
RIFELAEN

3 % i

AT LA U6 kA 0 o S e o ) P s - st
AR e 125 W 28 WG PE A= ) e CuFe, O, @ SBC B 4
PEE . XRD Z3 Ak B T &2 A A R T
il % . s34 SEM R F FTIR 3% & & 9
CuFe, O, #5717 878 SBC K1, I HAEZ G4 8
AT ENE A ERAL XA B T & X PMS
HITEAEROR . XPS 3% B 7 Hr 45 R LW Fe (I /
FeC([I ) F1 CuCll )/CuC 1) &AL b 5 Xt 7] B8 7E
PMS & fb ke 2R & S .

I RS R I, 54l CuFe, O, Fi14 SBC
FHLE , CuFe, O, @SBC & & M A 5 & 1 i1k
WEPERRS S M HAESS 3 B A5 7E 60 min
DX BPA [ AR A REIR S 91% . F#fRsh 112
GREW] L pEE CuFe, O, @SBC % findt . PMS ¥
I RIS L R B8 I s BPA (1) [ i 23 R [ il 3k R
HA B A e o K R g kB0, 2
CuFe, O, @SBC {f1k PMS [#fif BPA 1) 32435
P, W aF « OH. SO, « f1O, « B 57T
BPA R i, A, i & B CuFe, O, @ SBC +
PMS AR B AR 580 pH (B I ., e 68 78
pHH K 3~ 11 i B N A R BPA. I,
CuFe, O, @SBC &G A BHE S PR iy B /K Ab B rp A
AT r L &

(& % x k]

[1] DUJK.,BAO]J G,LIU Y,et al. Facile preparation of porous
Mn/Fe;; cubes as peroxymonosulfate activating catalyst
for effective bisphenol A degradation[ ] ]. Chemical Engi-
neering Journal,2019,376:119193.

[2] LIUL,XU X,LI' Y W,et al. One-step synthesis of “nucle-
ar-shell” structure iron-carbon nanocomposite as a persul-
fate activator for bisphenol A degradation[ ] ]. Chemical En-
gineering Journal, 2020, 382122780,

[3] TROJANOWICZ M, BOJANOWSKA-CZAJKA A,SZRED-

ER T,et al. Application of ionizing radiation for removal of

(4]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

bisphenol A
wastewaters [ ] ]. Chemical Engineering Journal, 2021,
403:126169.

KIM J R,HULING S G,KAN E. Effects of temperature on

endocrine  disruptor from waters and

adsorption and oxidative degradation of bisphenol A in an
acid-treated iron-amended granular activated carbon[]].
Chemical Engineering Journal,2015,262:1260-1267.
YUKSEL S.KABAY N, YUKSEL M. Removal of bisphe-
nol A(BPA) from water by various nanofiltration(NF) and
reverse osmosis(RO) membranes[ ] ]. Journal of Hazardous
Materials, 2013,263:307-310.
LINKY A,ZHANG Z Y. Degradation of bisphenol A using
peroxymonosulfate activated by one-step prepared sulfur-
doped carbon nitride as a metal-free heterogeneous catalyst
[J7]. Chemical Engineering Journal,2017,313:1320-1327.
WANG ] L,WANG S Z. Activation of persulfate(PS) and
peroxymonosulfate(PMS) and application for the degrada-
tion of emerging contaminants[ ] ]. Chemical Engineering
Journal,2018,334:1502-1517.
GUAN Y H,MA J,REN Y M, et al. Efficient degradation
of atrazine by magnetic porous copper ferrite catalyzed per-
oxymonosulfate oxidation via the formation of hydroxyl and
sulfate radicals[ ] ]. Water Research,2013,47:5431-5438.
OUYANG D,CHEN Y, YAN J C,et al. Activation mechanism
of peroxymonosulfate by biochar for catalytic degradation of 1,
4-dioxane; important role of biochar defect structures[]].
Chemical Engineering Journal, 2019,370.614-624.
WANG S Z,WANG ] L. Activation of peroxymonosulfate
by sludge-derived biochar for the degradation of triclosan
in water and wastewater[ ] ]. Chemical Engineering Jour-
nal,2019,356:350-358.
AL-RAWAS A D,WIDATALLAH H M,AL-OMARIT A, et
al. The influence of mechanical milling and subsequent calcina-
tion on the formation of nanocrystalline CuFe;O; []J]. AIP
Conference Proceedings,2005,765:277-281.
LAOKUL P, AMORNKITBAMRUNG V,SERAPHIN S,
et al. Characterization and magnetic properties of nano-
crystalline CuFe; Oy, NiFe; Oy , ZnFe; O, powders prepared
by the Aloe vera extract solution[ ] ]. Current Applied
Physics,2011,11:101-108.
MANIKANDAN A, DURKA M, ANTONY S A. A novel
synthesis, structural . morphological , and opto-magnetic charac-
terizations of magnetically separable spinel Co,Mn;—, Fe; O,
(0<<2<<1) nano-catalysts [ ] |. Journal of Superconductivity
and Novel Magnetism,2014,27. 2841-2857.
DAVAR F,SALAVATI-NIASARI M. Synthesis and char-
acterization of spinel-type zinc aluminate nanoparticles by
a modified sol-gel method using new precursor[J]. Journal
of Alloys and Compounds,2011,509.2487-2492.
LIU J,REN S X,CAO J L,et al. Highly efficient removal
of thallium in wastewater by MnFe,O;-biochar composite
[J. Journal of Hazardous Materials,2021,401:123311.
LAI C.HUANG F L.ZENG G M, et al. Fabrication of no-



106

ATk K FIRCH KAF RO

%47 %

[17]

(18]

[19]

[20]

vel magnetic MnFe; O /bio-char composite and heteroge-
neous photo-Fenton degradation of tetracycline in near
neutral pH[J]. Chemosphere, 2019,224;910-921.

CHEN L, JIANG X, XIE R Z, et al. A novel porous bio-
char-supported Fe-Mn composite as a persulfate activator
for the removal of acid red 88[]]. Separation and Purifica-
tion Technology,2020,250:117232.

SUN H W,PENG X X,ZHANG S P, et al. Activation of
peroxymonosulfate by nitrogen-functionalized sludge car-
bon for efficient degradation of organic pollutants in water
[J7. Bioresource Technology,2017,241;244-251.

QIN W X,FANG G D,WANG Y J,et al. Mechanistic un-
derstanding of polychlorinated biphenyls degradation by
peroxymonosulfate activated with CuFe;O; nanoparticles:
key role of superoxide radicals[J]. Chemical Engineering
Journal,2018,348.526-534.

REN Y M,LIN L. Q,MA J,et al. Sulfate radicals induced
from peroxymonosulfate by magnetic ferrospinel MFe; O,
(M= Co, Cu, Mn, and Zn) as heterogeneous catalysts in

the water[ J]. Applied Catalysis B: Environmental, 2015,

[21]

[22]

(23]

165:572-578.

ZHANG T.ZHU H B,CROUE ] P. Production of sulfate
radical from peroxymonosulfate induced by a magnetically
separable CuFe;y; spinel in water; efficiency, stability,
and mechanism[ ] . Environmental Science & Technology,
2013,47(6):2784-2791.

FU H C,MA S L.,ZHAO P, et al. Activation of peroxymo-
nosulfate by graphitized hierarchical porous biochar and
MnFe; ), magnetic nanoarchitecture for organic pollutants
degradation; structure dependence and mechanism [ ] ].
Chemical Engineering Journal,2019,360:157-170.

ZHAO Y, SONG M, CAO Q.et al. The superoxide radi-
cals” production wia persulfate activated with CuFe, O, @
Biochar composites to promote the redox pairs cycling for
efficient degradation of o-nitrochlorobenzene in soil [ ] ].

Journal of Hazardous Materials,2020,400:122887.

(GUTgiE skt

(L#E 12 W)

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(& % x W]

WA X IE AL A —Fh R HL ALK Bl A R AL
FNAG BT 528040 T LT ], A I8 Tk K2z 244 CH SRR
£/ ,2019,42(11) :1446-1454,

BRI 1A 8] 2 R RE SN ZR i R BLAR AT LD]. K%
KR T K%, 2021.

G S7 0 E T A R A RN 95 [ e NIRRT
(1] $4RHE . 2022(5) 1 108-113.

ENSLIN J] M N, LANGERAK N G, FIEGGEN A G. The
evolution of selective dorsal rhizotomy for the management
of spasticity [ J]. Neurotherapeutics,2019,16(1);: 3-8.

JT. b XS T2 R A5 1 B SR T AT SRR LD 1. R
R 25,2018, 27(4) 1 45-46., 56.

AREERT B M2 b S RS VN e LB F-oh g &2 b iy
W Rl ] ). Hh R AR R 2 2%, 2020, 35 (4) - 488-492.
SUCAR L E,ORIHUELA-ESPINA F,VELAZQUEZR L,
et al. Gesture therapy: an upper limb virtual reality-based

motor rehabilitation platform [ ]J]. IEEE Transactions on

(8]

(9]

[10]

[11]

[12]

[13]

Neural Systems and Rehabilitation Engineering, 2014,
22(3):634-643.
PATAR M N A A,KOMEDA T,MORI T,et al. Hand re-
habilitation device system (HRDS) for therapeutic applica-
tions[ C]//5th IEEE RAS/EMBS International Conference
on Biomedical Robotics and Biomechatronics. [ S. L ]:
IEEE, 2014 . 381-386.
X R B TR AR RN ) R T O RE R N R R Gt
[D]. F5t: R K2, 2017.
fafJe e o 2 SO, S THEELIE 3 S I R g AR
B TF U RE R A T RO SR L) . h R s 2 e A
2019,34(4) .427-432.
FGERE A Ak R L S8 FH. T 1) i A v SR T D R R A i
HFFE ). #31.2019,32(22) : 120-121.
EF L. Wi, 45, 55 FIRLRR A A B MU i ALY
Bt 50 Hr ] A IR T K22 2E 4 CH AR 1D 2019,
42(4):433-438.
B AMERS. ST BT IR T I RE R U 4k R 52
B #51.2018,17(6) : 116-119.

LG WD



