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Study on Performance and Mechanism of Phenol Degradation through
Peroxymonosulfate Activation by Nitrogen/Chlorine Co—doped
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Abstract Heteroatomic co-doped carbon materials have broad application prospect in the field of persulfate-based ad-
vanced oxidation processes. In this paper, nitrogen and chlorine co-doped ZIF-8 derived porous carbon materials (NCIC)
were synthesized by a two-step pyrolysis method, as follows: 1.5 g ZIF-8 was transferred to a quartz boat, calcined for 6 h at
800 C with a heating rate of 5 ‘C/min in a N2 atmosphere, and cool naturally to room temperature; the black carbon mate-
rial obtained was further treated with 0.5 mol/L HCI for 24 h to remove the residual Zn and then dried in a 60 C oven to
acquire N-doped porous carbon (NC); subsequently, 1.2 g NH4Cl was uniformly dissolved in 20 mL ultrapure water, and 0.15
g of the synthesized NC was added; after stirring and reaction for 5 h, the mixture was placed in a 60 ‘C oven to dry over-
night; the dried sample was ground to a uniform powder and then calcined for 2 h at 700, 800, 900 or 1000 ‘C in a N2 at-
mosphere to obtain NCICX, in which the “X” represents the secondary calcination temperature (‘C). Additionally, NC900 was
obtained by calcination of NC at 900 ‘C in the same way without any modification. The composition and structure of all
carbon materials were characterized by field emission scanning electron microscope (FESEM), transmission electron micro-
scope (TEM), X-ray diffraction (XRD), Raman, BET and X-ray photoelectron spectroscopy (XPS). Phenol was employed as
a targeted contaminant to explore the performance of NCICX on PMS activation, and the results showed NCIC900 exhibited
excellent catalytic performance with 97.7% of phenol and 72.4% of total organic carbon (TOC) removal in 30 min.
NCIC900/PMS system presented excellent acid-base tolerance and anti-interference ability, which can effectively remove
phenol over a broad pH range (pH=3~9) or under the interference of various anions (NOs~, Cl", H2PO4~, HCO3") and hu-
mic acid (HA). Moreover, the NCIC900/PMS system performed outstanding feasibility in the removal of dyes, antibiotics,
phenols, pesticide and purification of actual contaminated water samples. Cyclic experiments showed that NCIC900 had good
stability and could remove 72.1% of phenol after repeated use for 4 times. Quenching experiments, electron paramagnetic
resonance and electrochemical analysis indicated that 'Oz and surface-bound SO4™~ were the main active species for phenol
degradation, and the graphite N, C—CI of NCIC900 were the key active sites for generating of 'Oz and surface-bound SO4™".
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Figure 1 Degradation efficiency of phenol by NCICX/PMS system
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Figure S Effect of (a) various anions and (b) HA on the removal of phenol in the NCIC900/PMS system; (c) the removal of phenol in different water
bodies and (d) various organic pollutants degradation in the NCIC900/PMS system

Reaction conditions: [catalyst]=0.04 g/L; [PMS]=0.3 g/L; [phenol] =50 mg/L; pH=7.0
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Figure 6 EEM diagrams of samples in NCIC900/PMS/Phenol system at (a) 0 min, (b) 1 min, (¢) 10 min and (d) 30 min
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Figure 7 (a) Possible oxidation pathway of phenol; (b) survival rate of E.coli cultured in different samples of NCIC900/PMS system
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Figure 8 (a, b) The effect of different quenchers on phenol removal in NCIC900/PMS system; (c, d) EPR spectra of different systems
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O BT 2 R B 10, v I R A B L O R AR,
Wit O E A e OH MM AP, ghah, COs*
BT Z AR O R K FAB234 Oy T FE AR R v
10, A RIESE, BA CO5? N Oy PR 775 2 0 2Ky [
flRirsem, ¥RLHEW O 2R 25 10, ME k. B 8(b)
782 NCIC900/PMS /& R H RN T 20 mmol/L Ak FRHH
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Table 3 The contribution rate of different ROS in the system of
NCIC900/PMS

PEK A ROS
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% (A) (A/T, %)
50/2(;3231}’1“"1/L (SO, ++0OH)s 2.62.6 SO/ s=13 SO s=0.9
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Figure 9 (a) LSV curves of NC1900 in different solution; (b) Nyquist plots of NC, NC900 and NCICX; (c) LSV curves of different catalytic systems
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4.1 FEHIBREBAMENCICX)HIHI &

NCICX )4 s & UL S8 S FF-E ).
4.1.1 ZIF-8 ATIRAR 89 & A%,

K5 AR R R E IR R A
ZIF-813%-401 DUFEE A7), #ERIECE 0.4 mol/L 1 —H
FEKIE RN 0.1 mol/L ¥ 75 7K A M R B VT %% 400 mL,
TERFSE G ST FE S ¥ — H R R 218 I N 217
IKEEREF A, BTS2 L A VR A A IR T
P 2 24 h 5 B OUSCEETTTEY) ] BB 3 Ik, &
JE BT 60 CHAEF T4 24 h 53] [ Ak AR ZIF-8.
4.1.2 NCICX & #] %

FREL 1.5 g ZIF-8 T A I/, HIHLAERESN 120
mL/min ] N, A1 800 CHEHEZFE N 5 C/min)i]
HEFE B 6 h, BEARAHIE IR 5K TS I B a6
MR 0.5 mol/L HC1 BRALFE 24 h Z:FR5% 411 Zn HFh,
E—30 B AR P 3 O T3 3] ZIF-8 fiT AR A B 24
Z LR ELNC).

HY 1.2 g [ NH4Cl1 3503 T 20 mL #4liK 5 0
A 0.15 g FIRERU NCMEL, FFE8idt. KM S h 5
B ET 60 CHAM TSR, ¥ T
FE AR BE 23 S IR AR, 7E 7004 800+ 900 5% 1000 °C
AN, AR B 2 h BRI NL Cl 3L 4
Z FLBAEHINCICX, X=700. 800. 900 A1 1000). N T
WFFC NH4Cl 45 2 60 B4 k) 52w, Jd it [ FF i 75 2078
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900 ‘CHke NC 15245 C1 ) NC900.
4.2 FEMEWPERESIE

BRI (AT N H bRiTE e, #%8 NCICX
EERFEM T 25205 C)iffbE 7 (PMS) B g5 4
VIR RE. 76 100 mL [F 8 iR B R B R N 4 mg
AT A L HOS 5, BeE L E T as Lor
SEAFE 30 min 08 B BB SPE, SFDAONE S,
A 30 mg PMS FF R AL ARSEES. PRt AR, RYET
LB AE AR SL IS ) [ B P EX 1 mL A5, 0N AR
AR EE A 20 mg/L 1) L-ZHZ R4 0.5 mL AT RK, FFH
2 mL VRSS2SR EE, 22 0.22 pm P8k EZ RV EANK
AR, 38 3 OB i I s SRR . I B AE R,
Tk 8 e R AT HE AL TR RIS, P R A K e R R
60 CFFrEd R, FrEMELFEEZEN, 7
800 CAHI N, NIBEE 2 h, frH HABHE =R FE
H, FERORAE DAL E A S0 8 .
4.3 FMHITELE

AR AR AR R AN &, @i MR HAEA [F]IK
T AR A2 A7 10 0 2R oy B G A ) = A 1 8 PR AT VP4
£ NCIC900/PMS/ KB4 R FHHL 1 mL 28 0.22 pm JEE S
JEI) [ S A4 0 min. 5 min. 30 min S NKEE, B
EREMIFE AR 100 mL. #4%, 0.1 mL K
%8 2X10° CFU/mL FI KA B 55 0.9 mL LA R
NKAE R EIR A2 )G, BT 37 CHEM TR E 24 h
FyAbh, CAAE 3 ER 7K 4 2R ) [ i ZKORE SR 1 ko HE 2H g
ITHIE B, MHIR N 24 h 2 )5, BESFRIR IR 2
2X 103 CFU/mL, FF#2H 0.1 mL 5573478 1€ [H 4R35 g B
FrdE b, B KEERT 3 UCHATSESR, FRERKEE 18 h
2 S B R SR AR K AT B

R4 T+ H 5 JR A5 30 6] B8 2H = VP47 9256 1 K g
FFHEAFIEEL Ar A2 BT A5, FRUHRARBNZ AR KRG B A7
T T ME 4 (A=(A41+ 42+ 45)/3). @i FFER) 7 2
THEAR B SLIR2H B KM AR B0 3ME B (¢ min),
Hrb =0, 5. 30. DUGHIBZ AARHE, AR4EH KA B AE
TER T IME A X S2I6 4 0 KB B 0 A3 Rk AT o
5, R A X6 TR,

Survival rate of E.coli=B (¢t min)/A X 100% (6)
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