May 2024 AR AL T E44EFES5H
- 128 - Modern Chemical Industry 2024 5 B

G B 2 R TE L H,0,
LB EEEB R

& #H' H& F L EER kgR',E EY
(1. & G m K FAFLTFER, W RAE 610500,
2V BRI T RGBS RE LA ELERET, W RH 610500)

B ULARF AP ATAE H BRI A5 RS ET 1 A A= 0 5 B RIS, R e TR il 45 T 4B 2 AR W ¢ (Fe—BC) AR AL

LB A W) pk (Fe-N1-BC Fe-N2-BC 1 Fe-N3-BC) , 7 HH T i1k H,0, RBR/KIR P A X S IR By (PNP) . 54T H,0,
WREE V5 Y B YR B BRI SR B BT 4R pH LA IR SRR X PNP BRI, 255 3R]  Fe-BC Fe-N1-BC Fe-
N2-BC Fe-N3-BC & Z 1 -OH #&249. 2 .10. 24 12. 4 13. 62 pmol/L, PNP (2283433 Jy 45. 36% 60% .75. 98%H 77. 72% ,
PRZ ) - OH ¥R B E PNP 19 25 bR R A5 , Fe-N3-BC X PNP I fe i (A AL B PE BE . X PNP BRI & o
H,0, #EEH 0. 15 mol/L PNP BtV ¥ K 10 mg/L MBI BT HHK N 0. 25 o/ L W HILG pH =5. 48 FNAWRIE Jy 25C

KR BRI B A A Y 5% ; Fenton #E4LF] ; PNP #EL &AL Fe( ) /Fe( 11 ) PEFR; TG A

FE 5K S . TQ426;0643.32-2 XHERARERD A XEHE:0253-4320(2024) 05-0128-07

DOI ; 10.16606/j.cnki.issn0253-4320.2024.05.024

Removal of p-nitrophenol by iron-nitrogen co-doped biochar activated H,O,
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Abstract ; Iron-doped biochar ( Fe-BC) and iron-nitrogen co-doped biochar ( Fe-N1-BC, Fe-N2-BC, and Fe-N3-
BC) are prepared via a high-temperature pyrolysis method by using pine needles, which are widely available in nature,
cheap and easy to obtain, as the precursors of the biochar, and used to activate H,0, for the removal of p-nitrophenol
(PNP) from water. The effects of H,0, concentration, pollutant mass concentration, material injection mass
concentration , initial pH, and temperature on PNP removal are investigated. The results show that the removal rates of
PNP are 45.36% ,60% ,75.98% ,and 77.72% respectively in Fe-BC, Fe-N1-BC, Fe-N2-BC, and Fe-N3-BC systems
with -OH concentrations of 9.2,10.24,12. 4 ,and 13. 62 wmol - L', respectively. The higher the concentration of +OH,
the higher the removal rate of PNP.Fe-N3-BC shows the highest catalytic degradation performance for PNP.The optimal
factors for the removal of PNP are as follows:H,0, concentration is 0. 15 mol+L™"  the mass concentration of PNP is 10
mg-L™' the mass concentration of catalyst added is 0.25 g+L™" the initial pH of the solution is 5.48, and solution
temperature is 25°C.
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DEJE,H 0.1 mol/L ) NaOH 1 HCI 14 %2 1% W 1)
pH %3.7.9.11 J5,INA 10 mg Fe—N3-BC k7]
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HET GC-MS 43471 (7890A-5975C , [ i) .

2 ZEREHSWH

2.1 HREBEEVRELTII PNP HEBBE
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-OH ¥R/ 9.2 10. 24 12.4 13.6
(pmol-L7")
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R AT HoAth 3 Fp AL EL, B L% Fe-N3-BC #E4T

W SEM (A 5 000 %) 43 A AT T Fe—
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FEARL 2T FE - OH, DT 52 Wi V5 Y ) [ i 27>, I
£H
- OH + H,0, — HO; + H,0 (2)

WA TS Y R E (10 ~ 80 mg/L) XF PNP %
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BEE PNP )46 T v B A3 , R i R SR BRI
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RN 42. 8% , XS R TG Y ) I R B L, A
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0.25 g/L I PNP BYFEf# A 78. 08% , 5t
BN 0.4 o/L ML, PNP (IFEIR R DA 2% 142
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OH &M BTG e LB R IR LA % e 5
AL A 19 1 24, 16 B A4 1 700 48 n o vk
0.25 o/ L #7530 AR T .
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VTR pH #RARF T - OH 7= A4 pH =3 1
HIRE SRR/ N T pH=5. 48 [REMR% IR FEad R P 2%
PFF R B 1 2k -on'™ ) pH Wit {E
K9 111 B, BEARACR SZ B PR A 7 5 e 5 1
T Fe™ T2 K Fe (OH) 5 TTTE, Fe™ £ Fe™*
2 [ A8 D2 o 3% B BELAS , 5 006 M 57 05 F - OH 1Y)
Fra gD, MR M R AR ROR
2.3 PNP H {EMEMERE

4 FRTRMA R TOC T AL IEBL AN A 4 Bz

M 4 FAf LIE L TOC LR E R 5 PNP 1Y
R8sk R L AR PR FE— 2, 7 30 min A2 47 3k B
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N1-BC(50.95%)>Fe—BC(43.89%) , A5 7% 5 M
BHIY TOC LB LT, BiE A5 2 5 1S &, TOC
MR RMHZ M, HEABREd A S
TOC £ BRIEF] 100% , B RHE SV 3 7
S At v R A &5 R 5 DA Y BF 5T 4 R A
1oL, B TOC Ffige ml LA A 4 22 HA R ™= i, 5 201K
AR

i GC-MS Jl5E T Fe-N3-BC AKX PNP [
fiffask R, DT A 00 1 I A ff A2 0 v D 4%, T (&) 5 e
R TETGAERESR PNP s B v 5] & H i 1Y £ 2R
R -OHPY | - OH AU BE M ih—OH H 1) 45 47 1k
XA B4 i L% Wy | R R A b ) 72 ) kvl 1
FEPA PTG IN AR K X 1 L 2= 6 B Bt S0+
ST B A A MRS R AR (NOS ) L CO, Al H,0 4§
Y., BRIz A, Fe—N3-BC figf PNP itk , 5
R R —NO, 19 R, W3 NO, &Eifk
KIS OH F—[FHrds OH FE B 887 FI Xt AR i
XA T - OH 4804k B Xt R R, 2 45 7F - OH
M HE— 2 BGE T K A 55 BN R BN, Sk A R
R BRIy, FF3 G A il i R R il 5
Fe™ L 4% A A LA, iE— 29 AL AR co,
H,0,NO, W& kR NO; .

OH 0
+2H-

0]
Pl
OH 66 [:tj :Eﬁr> ———*I{Ojrx\/lx)H

2SN 0 0
FeN3BC CE—m) bEE) 0 RTEZE®)

NO, R OH o /
%
(RTREHEAE ) OH OH
WHO% —>NO0;+CO,+H,0

0
NO,
(Qﬂiﬁ::ﬁﬁ) (Eiﬁﬁ)

K5 Fe-N3-BC [& % PNP ¢ 7 & % 1%
2.4 FEHERXESHR LB EY K ELBERBRERE

L
FIHT XPS 481 T N HiJ5 Fe—=N3-BC AY1k

A e b A 5808 S 7 C—N Az 5
SO JE e N ORI N o BOER A TR, 54k

SR E /a.u.

406 404 402 400 398 396 394
ZibfkleV

1—NHEBE N(53.22%) ;2—Nlk% N(31. 74%) ;3—A1 5% N(15. 04%)
(a) SR N1s
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BiafleV

1—NHEBE N(49. 52%) 52—k N(29.37%) ;3—A158 N(21. 11%)
(b) W) Nls
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4 bleV
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(¢) JZ B HT Fe2p
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735 730 725 720 715 710 705
ZibfkleV

1—Fe 2P, Fe®" ;2—Fe 2P, Fe?* ;3—Sat. ;
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(d) W5 Fe2p

6 Fe-N3-BC By XPS /247
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T A EE NI A W R R R T A A T 2 1
B N a7 s ik 1,0, Y. B 6(c) FIE 6
() AT LIE Y, 7E 712.0 eV F1724.0 eV Ab 13 2
AT XTI T Fe 2p3/2 Fl Fe 2pl1/2, 3 H. Fe**
F1 Fe> 1 W %5 [7] B 47 7€ ( 713. 6, 735.35.710.6,
725. 677 V) ,UFH Fe-N3-BC ik LB S 1 TE
KAETE . VLG ) Fe™ L 75N 44. 049% 3 in )
49. 5% ,Fe™ it 7 B 55. 96% [ A% 3 50. 5%, iiE
W% R R TP e T Fe M B 2L A M &5
Fe( ) /Fe( ) M HRIEIGIR, H 219 Fe™ 5% F AL A1
I TR

3 #ig

(3)Fe—-N3-BC & & M EHA &R th A 48 24 it i
Z BRZRIY - OH YR BE S , PNP 1Y 2 B 5 Al
&, I Fe~N3-BC X PNP 3¢ 9 H 55 4 HO A Ak [ it
PEfE.,

(2) Fe-N3-BC {1k H,0, mi% 26 PNP 1
FEZ 2R R H,0, #EA 0. 15 mol/L PNP i
WA 10 me/L MEALFIFEIN BT =k B Ry 0. 25 ¢/L,
TRIRIER pH =5. 48 FIVERREE N 25°C

(3)Fe( M) /Fe( ) JEHAAK R H Fe-N3-BC &
fift PNP B3 B b, 254 XPS 20 M ] 10, 36 P U7
Fe—-N3-BC fit{LIFM PNP i T 38 AL VE 52 i
JEMERE N FIERE N 5T 2500 I BEAR T 4. 49% il
3.12% , BIMERE N FIERE N 584k T Fe—N3-BC R fif
PNP i #2,

(4) 81t E IR AE T 2 8 Fe—-N3-BC BB EA
AL Z R TE YR R A, 2 — IS A T AL S 1 ik
EEAMEL, R B2 AR A LB KT
Jerb G MU TR A S T ],
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