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PR, REMEER Fe(ll) 8§ (2.8—280 mg-L™") X BC500 F4f# PNP S 4 HI /5. X & T Fe(ll) &
TIPS pH BARH HA BRI A LRE Sy, )55 4 BCS00 fZ i 45 M F S EGE A E 1 (-0,)
A R ARBYBEHE. AEJC EUSRAE R A Fe(lD) WIf2 34 T PNP %%, M 0.68 mg'g' BC H4fn% 1.79 mg-g™
BC, [ Fe(Il) REHYE 5% BCS00 XF PNP By Wt , FEiff — 2 dE L BB A /E . S5 588, BCS00 7iti
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Effect mechanism of oxygen content and Fe(lll) on biochar degradation
on P-nitrophenol

GOU Quan L1 Jing CHEN Fangyuan LI Shan ZHAO Zeying DUAN Wenyan ™

(Faculty of Environmental Science and Engineering, Yunnan Provincial Key Lab of Carbon Sequestration and Pollution Control

in Soil, Kunming University of Science and Technology, Kunming, 650500, China)

Abstract Biochar has wide application potential in pollutant control due to its rich specific surface
area and unique physicochemical properties, but the mechanism of its degradation process affected
by environmental factors is unclear. In this paper, pine biochar (BC500) was prepared from pine
wood chips, and the effects of oxygen and Fe(Ill) ions on BC500’s degradation of toxic organic
pesticides and nitrophenol (PNP) were discussed. The results showed that under acidic aerobic
conditions, the degradation of PNP by BC500 was 1.35 times that of anaerobic conditions, which
indicated that in addition to its own direct degradation, biochar could also indirectly degrade PNP
through oxygen-mediated formation of reactive oxygen radicals. In addition, characterization by
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XPS, AAS and FTIR showed that under aerobic conditions, Fe(Ill) ions at different concentrations
(2.8—280 mg- L") inhibited the degradation of PNP by BC500. This is due to the strong oxidation
capacity of Fe(Ill) ions at low ambient pH, and the electrons transferred to oxygen by competing
BC500 cause the superoxide anion(-O,") production pathway to be shielded. The addition of Fe(Ill)
under oxygen-free conditions promoted PNP degradation, from 0.68 mg-g™' BC to 1.79 mg'g™' BC,
because Fe(lll) could enhance the adsorption of PNP by BC500 and further promote its direct
degradation. The results showed that when BC500 was applied to acidic iron-containing wastewater,
the anaerobic environment was more conducive to the degradation of PNP, while Fe(Ill) inhibited the
degradation of PNP in the aerobic environment. This study provides a theoretical basis for the
application of biochar to the treatment of organic pollutants in acidic iron-containing wastewater
environment.

Keywords p-nitrophenol, redox degradation, sawdust biochar, acidic wastewater.
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Yk a] LA SO E0E Hy0,. S0 1 O3 S5 8 A, Az o A Ak MERE R 2 28 A i 25 (-OH) R 4L A
B (-0, ) A NG MEE(ROS) , A DA 3 018 458 b 484K R A BB o0 A LTS eyt 22 0 HAE W e A 4
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P W0 1 A i L R4 245 10 23 o i 2 1 (PNP) B2 R ML) Fe (D) mT RESE S AR G A2 5 i A ) o e fi
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Qe A g iRl (2) KA, i T FeClD) BHES T ABHEAE I, Al Refie it 1 AW s e
BLAEIE AR T (3) BB S5 Fe( 1) 8814 AT AE3E it 25 WA LR 0 k95 Y Wy n R fige. e ob, 16 & & Jm
B TR W BRI R 0 AR W ¢ I 75 25 T LA TR A= Wy R 5 S RE T T e 5 & )i B T AR
TERZEY), I B A RE A S s B 1 Z (R AE B 1 S e it AR W e Xt T 4 I v 1 B MR RV E s 5
S0 B B ik T RE S AR ™ T A SRR A BV, T AR AR 2 S, B A HLTS e A A
YRR IR 2 A= Wy e I I 38 5 A7 R Fe (D) B9 BILTS S Wy ) 1 S8 I M F i, 33k 26 [ 7 A ) 0 1) 5
PR A5 T 0] BEATAE—5E B XU, 5 21— AP BIF TS I TR

FURT AT XS R 1R 25 1T FeC ) 8 3~ A 5 4 1 X A= W) ¢ K gt A AL 15 ey 9 52 i AL ol 473 8k = 2% e 4
5, AT LB T AR &5 28025 0 T AR o AT HLTS B PNP B REARASCR, 85T T 18 AN & A 1
NAFAE Fe( D) B 71, FeC D) 5 5 X Az 1y ¢ 19 fiff A3 LTS e 0 )52 R ML) . AR F S8 $ R 1 2E W) e
Fe( D) B & i LU KA BLTS Qe 2 18] B9 AR FIALA, A A A= ) o AE R A I K vh 5 BR A BILTS
Prwy i ARG SR AL 1 RIS LA

1 MRLE ) (Materials and methods)

1.1 S0k R

S5 R FH B I T 2 0T DXCHE A N T35 AR AR AR I8 A S AR S 55 A A e AR iR R S AR R
AT 8 FH 93 825 3 AR J R A, R 100 B B X6 A R A7 0767 40, A O T 980 R 25 i I B ke o
F 60 C MBLAE TPHET 12 h BET S TR A AR .

SEHGET 25 8 A0 . SOk A ALk (FeCly-6H,0) | X il FE 25 iy (PNP) . Z. ik (CH;COOH) |, kiR
(HCI) ., 1-10 FEMBMk (7K ) (C,HgN,) . Z 244 (CH;COONa) . 7S7KA BRI 4%4% (NH,),Fe(SO,), 6H,0) .
WA IR (HNO;) . MEBE (CsHsN) A N,O-3U( = H JEAELe 5L ) — 50 £ ik (CgH, gF3NOSi, ) (BESTFA ) ixX 24
i R Hral, 2 (CH;CN) . FIEE(CH,O) | IE 248 (CoH ) AR AL AR (KBr) hy 23 41, 1 [ Aladdin,
FERAE bR AT .

1.2 RIBEY I %

A=) i AE B I (KSW, J6 0 T 7k 6 B B 7AER A BR 2 w1, rf ) rp B A o ol i k. $AVA iy 56 1)
g A 30 min (9 N, PAZEERP 0. ZRJF LA 20 C-min™ A THELH R THE 2 500 °C I35 4 h, 7EIL
WIMRIRFLR A Ny R 25 R, 4heil A N, B2 5 b 9 IR EE % 2 60 °C LA, BUH AR & IR ARie
BC500. ASLEGHERE 500 °C AE MR IREE, PR B 0L W] A8 3 804 W i b A 58 4=, LR 1T 2 A
PR IS 5 AT X LA 2 i, T v %)k B T e B2 W ke N A AL A I SR A s 4, AT 30 A R (R
(A3 222,

1.3 RJBEY BRI RIE

BC500 [ C. N, H, S 1 O It ffi i 7t K 4311 (vario MICRO cube, Germany) #1715 . Ho 3 1]
L3 1 e 2 1 R 2 A (BET, Micromeritics TriStar I Plus 2.02, America) il %, #K & 100 mg A2 45 44
REARY R, T LR N 150 °C N B 2 hy SR 5 6 il 70 Y80 ) o B0, feff FH A L it A 4 21 A1 Sl 3
(Varian 640-IR, Thermo Fisher, America) Jlll & [z i §if J5 BC500 2% [ B BE AT . K+ BC500 1 KBr #% 1:400
SIRA, T 120 °C HET Ky, FEBEGAT T (6 FH 39 BB AORE TR A RERIF S 3550, XHR A BF i R - J5 2R 470
FE, FE A KR 1 em™!, HAETEE R 400—4000 em ™. i i X 5 £k % B F 8 7% 4% ( Thermo Scientific K-
Alpha, America) Jlll 72 A %A 551 F ) W H /5 BC500 21 Fe( 11) | Fe( D) F1'E RE A (R FR RN & X STk
J5 ok B, Al K-alpha %8 57 B A #8303 X 38 500 pm, 25K 0.05 eV, #E 5 I E R IE 2K 0.5—7.5 nm.
4l H Avantage #:#fE, H XPSPEAK 734, 158 C. O Fll Fe JTLER /AT G M.

1.4 BC500 X%} PNP [ A 5256
FETCSA SN, BoRAAHFBILT 0.3%. S THFFE Fe( ) F BC500 XF PNP (1 R 550 58, 1 SoAREL
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2

300 mg BC500 LA 15 mL “Z#fH, 285 4351 A 5 mL 10 mmol-L™' Fe( 1) % W A1 5 mL 800 mg L™
PNP iAW, A1 1 mol-L™ HCL %5 e A& R (4 pH AH, IR L # E T 150 romin™ A9 1E 9% 5 48 K0
48 h. TETCEESLEe h, 28 PNP 1AW A0k 2 400 mg-L™', JEANA 10 mL. [ 45 9 J5 , 7 3500 rmin™
B0 5 min, BN E PNP 5% 8 4. B8 18 WS BRI 0 S 2 UM A I ek, DA 31330 P R
tE I PNP . X6 A= W 5 5% s FH 201 26 U FfF 245 PNP, &k A 10 mL Z 5 JF 48 2 h, EE W E >
5K, ZHCH PNP g i RIS BCS00 s W B o, e ik £ Ry S s n o 5 5 O 6 R ke B 6 1 2 1L T A 44
VERITE DR A T4 1 o8 1.

TEAT B 5230 50T AT AR IR B S2 36 45 B8 . TR Fe( ) v %k BC500 FA A PNP B 5 M S 36 (i FH 30
BC B A A 32 Ry 2.8—280 mg- L' 1Y Fe( TN ¥, PNP (0] 4R i 800 mg L. A= 4y e X AN [] v
JEE R PNP 1 I 5256 v, PNIP A ik vk B2 43 51 200, 400, 800, 1200 mg-L™", 8 An A Fe( ), M4
PNP W IR0 a6 e B dt i 1 A%, JF 5 Fe(IID WS ABIR G T A S50 39 A1 1 mol- L' HCL ¥4 pH {H i
2.5 B E 3 AT, I DO E SRR .

1.5 PNP. S2kPA K Fe( 11 ) He & iy &

FI S AR % BE R BCS00 6 11 45 BT 75 PNP Y& 5 FH i 1 WA €635 {L (HPLC, Agilent Technologies
1260) % . 22N #5032 A 318 nm, W s AH R H B 7K 4112=70:29.8:0.2, it 1 mL-min', #F4£
it 10 pL, FASIIAEES ] 6 min'',

FH 1-10 FE2 bk B €232 00 5 S b AR 2R A G Fe( 1), Se 00 FE S B S5 0.5 mL LA 40 mL %
H R, I R - L TR NS v S mL LB K ff, SRJ5 A 0.5 mL 1-10 SEMS ki e, FH 2540 aT WL53
BT (UV-2600, H A 828 /) 7E 510 nm AR MOGEESR Y Fe( D) & 5. ZEDE Fe( HHREZ
T, TC AN ) B Fe( T IR AR AR, Fe( 1) A ¥ P AR F18 W ' B 5 s v ol £ T 455 R 58 1 TR
AH H AR BE O SR RO (ZA-2000, H AR H 3720 5D MISE . BRSO 5, BL 0.5 mL 13 wom
AF] 40 mL 7% B ZHOB Y, A 0.5 mL R AH AR UEAT AR 1k, 76 B¢ 60 A5 5 Bk BE . AE L AL 2 Ay, Bic
BRI 1Y Fe( T A TRAE PR, BBk AR T3 A5, i a9 Fe( TN ¥ 0 A8k Fe( D)
W EE 1 22 4A.

1.6 BC500 5 PNP [&A# =4 1 I 5E

FEA S5 R IE T PNP 5 BC500 FY KN ™4, PNP #1465V B 2l 800 mg L. [ iz 2 d J5 Bt -
HIWAE RS W T 28T, I 90 uL ML IE A 10 uL BESTFA X £ 5 #4777 4= L AL F8 . 78 60 °C T &2 i
15 min J5, BrFE A3 A 1.5 mL B9 WAH/INEC R, FA0M 638 - BT 56 FH AL (GC/MS, 7890A-5975C, Agilent,
USA) HEAT43 0. SO B35 AELE 80 °C A4 2 min 5 LA 2 °C-min™ AYTHE R THE 2 180 C. Hifth Z%n
N: EIfEE BB 70 eV 30500 A T SHEE 280 °C; TR S 100 °C. I NIST 17 J& X6 ) 21 1) =
WA TS . AR o S AR e e,

2 5 R 5308 (Results and discussion)

2.1 BC500 FAF

AAAKE JF A i 5 BCS00 FYERALPE AN 1 frzR. BCS00 Ay H/C HLJFAE IR T 1.25, RIHITH
PEEEREY, BC500 [ (O+N)/C (AR AR R T 0.37, FHA AR M 30 55, 187K 8 3 29, e 4h, BCS00 # kb
FRIEFIRE] T 351.90 m*g ", FLIAF R 0.83 cm?® g ™', FLA2H 10.34 nm, 3X AT F T A5 1 015 Gl 40 19 W o 27

R 1 RJEFEAFUR BC500 i #LAL P BT
Table 1 The characteristic of wood chips protoplasm and BC500

TCRALVIV) % JEF 1 , s
) *J_f Elemental composition Atomic ratio o3 1% HRIEBY (mg ") pH
Materials N C - o we (O4N)/C Ash SSA
AJB 0.16 50.07 6.97 41.19 1.67 0.62 0.89 — —

BC500 0.38 79.57 2.78 15.85 0.42 0.15 3.18 315.90 8.02
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22 O, Fll Fe( 1) %} BC500 [#f# PNP [ 520

O, FEE W Ik i ff AT ML Yo ad R vl 35 FEEAE . — 7 IfI, O, BERS 12 AW e eI L, AE i
ROS KB f#ATHLIG Y5 55— J7 1, O W] RE L 45 A= 1 o 3R 181 A0 18 PSR, 52 A A 30 1 % 15 2 0 7
AR, S0 T HRFE O, XF BC500 F#fiF PNP (5200, ABIFSE7ETC Fe( D) 4514 T HEAT T A5 480 R JIG 48 W 512
¥, 5 R AE 1(a) s, 85 R E W, T TRA KM T, PNP (1R {0 0.68 mg g 'BC, iX EZIHHF
BC500 % PNP 1 T2 Wi VE s 5 S8 551 F, PNP By R 1403 0.92 mg-g'BC, MG &1 F 1)
1.35 1%, W O, REWS L 1t BC Bl iy 744 i ROS KRR A HLIG Y, X — 45 R 5 Li M oe 45 1 —
FH Y, 38 GC-MS &l T PNP (1 K i 7 ), I & BRAT 24 B 2R By (PAP) J& PNP & 2 9 36 Ji ™= )
(K 1(b)), #E—FE52 T BC500 % PNP H A B 42234 5L 4E 02,

20 @ - ®

1.79
” 73.1
pH=2.5 OH

o
T

207.2

o
T

36.73
t/min

NH, 280.9

Degradation/(mg-g~! BC)
o
=]

e
~
T

340.9

Lol a1

60 100 140 180 220 260 300 340
m/z

1 BC500 76 A S8 JCE A TS A gk %t PNP 8 [ (a) LA K& PNP FA 89400 4A 7= 91 (b)
Fig.1 Degradation of PNP by BC500 with or without iron in aerobic or anaerobic conditions (a) and the initial products of
PNP degradation (b)

T HR5E Fe( ) 7E BC500 A PNP it 8 th B VE AL, AW REAEA A5 T A Fe( D) & 15
WZE T BC500 % PNP (1) [ i i, JF B H 5 A A 5514 T FeC D) 251 B A B A 7 iE 47 17 Lo, a0
K 1(a) fias, fEH A 5 Fm A Fe( 1) J5 , PNP & F# it 7 & 0.45 mg-g'BC, & T JC Fe( ) i}
(0.92 mg g 'BC) (W [ff 1, X W] Fe( D) 7E R A 0T REAZ T ] BC500 X PNP A REMFRICR . X2 Hh
fik pH T Fe( D) 1y 584038 i HEL AV =5, T BCS00 K11 =F & 19 & £UE RE T fig 5 Fe( D) &+ LABC A #E 5K
JE BB A ), [A) B ] e i 1% 35 25 Fe( D) ZE A Fe( 1), 53 BC500 BEfE 45 i A FL 8% FeCIll)
AR, MAREE— L3845 O' A2 i ROS F4f# PNP.

AR, ARWFFERIRTY T ETCESME T A Fe( D) 5 BC500 X PNP 1) %A & 5 0 Fe (NIl ) B 7y 2 fit
H.OWE 1(a) Iros, 7 oA Fe( D) B, PNP (1) [ fif £ 35 2] 1.79 mg-¢ 'BC, & 3 = T JC Fe( ) i}
(0.68 mg g 'BC) Wy R fiff 1. X T BAAE L E A T Fe( Il ) BRAS IG5 A= W) e X PNP 1 B ff R . 3k 72 R
TETCE ST, FeC D) /] LUGE &F BH &5 4 #:4F 1 5 BC500 3K 10 B 8 & 14, i $7 3 PNP 5
BC500 Z [H] i 85, ffi A5 A= W e L HL —F RE RS B 42 4% 3 25 15 iy SE 9 HE A Ji 0,

T it WA AR FeC Tl X5 BCS500 R PNP IR ZCR, AW SEFERRE 55 T A
0—280 mg-L 'Fe( Il ), W% BC500 XF 800 mg-L 'PNP f & i & A8 1k . 45 & 2 fifw, B Fe( M)
WL IS, BC500 X PNP 1Y [ fiff 2 52 B 0 9 B a3, AN 1.11 mg-g 'BC 870 %] 0.72 mg-g 'BC, iX 3%
B Fe( Il ) % BCS500 R fif PNP A B & 09 30 il 46 F . 57 AW 5% 2R BH, Fe ) 76 R 1 2% 14 F 45 i 726 Ak
Fe( 11) BIARHEFAR FRECH 0.771 V, O, TERRIE A5 1F T A5 42 i HoO, A FRHE R FEL #5 0.695 VEU,
W, ZERRPER & v, Fe( D) B % 5 M BC500 375 1, 375 O, B lie S 1E ., S8k &
H1-O, F1-OH A9 A= B e/, AT H0 ] T PNP 9 5 i . 45 R W, BE 25 Fe( TID) Wk B A3, 5
O, & B L 55 4 A Bk ik, (R BE 25 FeCIID) Wk B2 A 38 I, PNP R fff i & W e T A2, X R W
BC500 REUS 25 I HL T 2 8% O, A1 Fe( TN FBJS, [H L B b 22 T = s b Fe( D) 28 7k AR &tk —
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AN PNP FRE A e Ah, FeC Tl ) it 23 55 PNP 4525 0 B 07 5 B0 2% & W) e AR A B 1E BE, T1] 2232 iy o
R OR T,

Fe(lM)+e™ — Fe(Il) E® =0.771V (D
0, +2H" +2¢~ — H,0, E'=0.695V 2
301 @ 12 ®)
25.53 25.71 2587 25.93 T
—~ 25 .
%; 5y 0,97
: £ ooof
o 201 o 0.77
\%ﬁ %ﬂ ma 0.72
T 15 3
2 2 0.6f
£ <
=]
Z 10F gb
< [a]
5F 03r
0
0 2.8 28 280 0 2.8 28 280
The initial concentration of Fe**/(mg-L™1) The initial concentration of Fe>*/(mg-L™1)

B2 ERVEAAE RIS Fe( D)%t BCS00 W Bt (a) B f# (b) PNP F 5N
Fig.2 Effect of different concentrations of Fe( Il ) on adsorption (a) degradation (b) of PNP by BC500 under acidic

conditions

2.3 FTIR 437
AHIF 538 343 A BC500 1B AE 1 0 22 545 9% BC500 18 & %A F RE 1 5 AR 444 F PNP & fi 2

X2, B 3 W8 T BC500 & HAEA Fe( D) FJE Fe( ) B4 E 4144 T 5 PNP 2 b & 19 FT-IR 6 i%%.
M AT LIE ), 78 3437, 1703, 1577, 1329 cm™' LI K& 1104 cm ™' &b 435 Hi B T—OH, C=0, C=C I
C— O 4 % 3h $ {1 16 B BC500 5 PNP J 1 J5 , BC500 3 ifif W fft T PNP, 5 2t C=C( 1577 cm™)
(R Shhr g R 58 . ZE A Fe( D) Ji, 18 —O0H (3437 cm™) Al C=C (1577 cm™) fit W 45 J3F W] g 1 58
2 W B AE BCS00 2 1 9 Fe( T 38 4 fic A5/ R 422 T PNP, X Ui B Fe( 1) A9 i A 7T 45 55 PNP 7
BC500 _ f4 W B 5 R4,

IFC(IL) I G 2 33
BC after the reaction with Fe(Il)

BC after the reactio

|
1
|
1
1
|
1
L ! A
2100 1400
1

3500 2800
Wavenumber/cm™

B3 BC500 LK BC500 fEA BAITCEL T -5 PNP S A i HLH-20 /Ml
Fig.3 Fourier infrared spectra of BC500 and BC500 reacting with PNP in the presence and absence of Fe(1ll)

2.4 Fe( )X+ BC500 R fif A [R]v B2 PNP (52 ]

A 4 Fi 7%, BC500 X7 [6] 7] 4 v BE PNP(0—1200 mg L") 4 [ A% 22 I PNP ¥k J32 194 FF 5 i 154
7 280 mg-L'Fe( 1) (I F#4E T, BC500 X%F PNP ARt 522 1 FH a5, (HAS[RIW aa vk B PNP A9 R i i
Y)52 8 7. 76 PNP AR B R, Fe( ) X A= 99 s i 300 1/ HH BH I, PNP ¥ % 4 200 mg- L' i}, Fe( 1)
TP T BT 64% B IEAR. T 24 PNP (9] 44 e M 400 mg- L' | 713 1200 mg- L™ i}, Fe( ) %} PNP [#
i MR AR E N 54% R RN 30%. X2, BEZ PNP AGHk 38 fin, 23525 T BC500 5 PNP ) H 4%
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Hefph JLAS, T4 @5 1T BC500 XF PNP i B 42 FE Mg AR, X — 45 R 55 — A M JEIIESE T PNP &
Fe( D) & T AL A S R 2R

N
S

D7 R Fe() Without Fe(IIl) 2.14
N #4finFe( M) With Fe(IIl)

Lt
=3
T

1.51

=
T

)
m
TDD
&
Z N
2 12 111
5 0.92
5 osf 074 0.72
e 0.45
0.4 028
]
200 400 800 1200

The initial concentration of PNP/(mg-L™")
B 4 Fe(lll)Xf BC500 KA [R) 2 PNP 152
Fig.4 Effect of Fe(Ill) on BC500 degradation of PNP at different concentrations

2.5 XPS 4Tt

K 5 R T HEA AT, BC500 1 Fe( 1) B - B la] B A W)k 2 PNP 5, Fe( D) 1 Fe( 1T ) ¥
TE A W) 32 1T A BFE S A8 k. 25 SR, BfiE PNP YR FE RO, A9 2 ny Fe( 11) 5 FL 5 T 44
#e, M 25.62% [ B 17.19%; 1 Fe( I L 491 328 ¥ 58 /i, M\ 74.38% | T 5] 82.81%. 3% 3% B &y Wk 2
PNP £ {UFRAE BC500 2210, 78 76 16 PR 5, I BC500 1 L T-H#E RS20 %, 1958 T PNP X%} BC500 H 1
e e, S8 Fe( 1) 15 B0t i /b, AH N L BCS00 1 Az B Fe( I )ty /07,

e )2pyFe( I )2ps,
Fe(11)2p1y Fe(IM)2p;,
Sat.

Intensity/a.u.

pH=2.5 pH=2.5
PNP=400 mg-L! PNP=800 mg-L!
1 1

PH=2.5
PNP=1600 mg-L!
1 1

1 1

710 720 730 710 720 730 710 720 730 740
B.E./eV BE./eV BE./eV

B 5 FRPEAIE T BCS00 WM ANIH#e i PNP J5 %1 Fe2p 9 XPS ¥ 4]
Fig.5 The XPS spectra of Fe2p on BC500 degraded PNP under acidic conditions

2 W8 T BC500, BC500 1 Fe( 1) L & BC500 A1 Fe( 1) 5 PNP 76 R & FA E &AM T R iy
C—0, C=0 D K Fe—O & i#. B Wik R %A PNP I, A KM T A Fe( D) BT, AT
12.78% %) Fe—O i, 1fii C=0 & it B W B AKX, X 3R W] BC500 5 Fe( 1) Z 0] & 4 T % & 1F B, fiff
Fe( D) B¢ F8 2 #E BC500 R 1f. R b vl LIF H, TEERERA FAREA A Fe—0 £ 7.8%, iX & H
RS AEAE S ] BCS00 X Fe( T ) 55 A0 W A FH . 480004 A R 86 2 388 o 2 W e 3 1 ) 23 7K
TK 53 gk U SR AR A AR W e v R AT SR L, DI 98/ T R T B R T R FLAA ARS8 00 A
3, AR TR TR Fe B TIRASM T A Fe T EWIESE T X —4518. 16Ah, Fe( D 7E
BC500 WVEH T8k 4 Fe( D), FRAK T 5 PNP ZE G IWRE 1, $2m T Pk, Xt ffif5 i Fe( 1)/
Fe( TN M1 PNP 5725 5 9 B3 A, dE— 20 I T RS T Fe(TD) J5 X35 Y 40 1 6 figt 25 SR
i

FAN, B BT E LT, A PNP J5, Fe—O 76 BEF (19 He 1354 Frisi /b, Jo Ho o a4
T REBCN R, 302 K o PNP 23 5 AR W v () 35 48U BE A i A S s, DT 2D Fe—O 8 14 A Jli i 1.
7% 3 W R X} PNP R C=0 w3578 it B, 125 W o i B 5 L T A B JE A (C=0) A 5 B &1
SIS X IESE T Fe—O S/ IR % S BEH A (b B BB VI L &,
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£ 2 BC500. BC500+Fe( 1) . BC500+Fe( Il ) +PNP 7ERAAFA B 51 F RV G C—0. C=0. Fe—O & (%)

Table2 C—O. C=0 and Fe—O contents of BC500, BC500 reacting with Fe( Il ) and BC500 reacting with PNP in the
presence of Fe( 1) under oxygen-limited and anaerobic conditions(% )

e EEE
No Oxygen Limited Oxygen
BC500 BC500+Fe(1Il ) BC500+Fe( Il )+PNP BC500 BC500+Fe(l) BC500+Fe( Il )+PNP
C—0  36.20 42.05 53.38 45.05 44.18 45.99
C=0 63.80 37.38 32.80 54.95 43.03 42.69
Fe—O — 20.58 13.82 — 12.78 11.32

R 3 TEASEFRA LT BC500+Fe( ) & PNP+BC500-+ Fe( ) 52 137 f& Wi AR F1 & A8 1 Fe B2 my Lu i (%)

Table 3 The proportion of Fe species in liquid and solid phases after the reaction of BC500 with Fe( Il ) under oxygen-
limited and anaerobic conditions and after the reaction of BC500 with Fe(1ll ) in the presence of PNP(%)

HE THA
Limited oxygen No oxygen
BC500+Fe( M) BC500+Fe( Il )+PNP BC500+Fe(TM) BC500+Fe( Il )+PNP

N Fe(1I) 38.67 14.04 0 1.79
WA

Fe(Il) 36.52 63.96 30.00 36.31

Fe(Il) 11.97 5.55 30.62 29.11
& AH

Fe(Ill) 12.19 16.11 38.77 32.08

2.6 AFZIET FeC )1 Fe( )76 BRI 1 1953 755 50
%3 IR T ORI M A5 Bk 716 TR A T 0 4304 4500 3, T4 PR UM P L7 22 Fe(TID),
KA BCS00 i o 2 A TV FeC ) WBR 2 3R T, FLARTE 45 ST REMTIS FeC D) i 5 Fe( 1) 3%
5 26 A . AT R4 R O, 1R T Fe D) A0S SR MY, S 507 rh Fe( DA Fe( 1) 4 Bt i, [
FIHR Fe S ik, S 1 BCS00 Xof AR [7 44 285 16 W B AL 6.
FERTRARAE T, R FeC 1) & U, 1L Fe( ) FEAT O, 172 2% P T AT LG 1L O, i E-OH [ i 2%
TR, 5 B J i AT L LA R 2,

Fe(Il)+ 0, — Fe(lll) +-O; (3
Fe(Il)+-0; +2H* — Fe(lll) + H,0, (4
Fe(1) + H,0, — Fe(1l) +-OH + OH" (5)

Fe(Il)+-OH — Fe(lll) + OH~ (6)

SRS 45 5K R W], 724 Fe( 11) F1 O, BUAFLET PNP MR 32 2030, 3X 2 K0, 78 pH (H AR
PER) 25 E T, SOz a0 (4) F1(6) By i Z& AR AR+, Fe( TN ARXE S O, KA -0, 7, B A J5 1 [
I Fe( 1) & BAE Oy BIME T S8kl Fe(), E— I AE TS M AE B ki 42 th L ZE R P Al Oy, &
AWy PNP A [ fif 2 2 W] g 4 il

3 4518 (Conclusion)

ARWFRIRF T TERRTE ST & JE X BC500 [ PNP Bz ma AL, L& Fe( ) & 76 A S F1 G
AR NIRRT RER. FEERNT:

(1)BC500 X PNP B it (1 55 BC500 14 15422 K A A FH RN A0S A BT 1 4R 1 5 g ) 2 o fi
YEH.

(2)FTIR F1 XPS “5RAEFK I, BC500 = & M & AU B Ae A v LUFN Fe( D) JE i 2 ME S, TEA A
ZAFF, Fe() 5 O, IR 354, /b ROS A7, T4 PNP 1 [ fi.

) FETE AT, Fe( D) 1438 T BC500 % PNP AWK EE 77, {2 3 T BCS500 Xt PNP 4 B 42 4 fitk
TEM.
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g5 LRk, FERRER K T, A ER T, AR T LIGE I 25 A O R A A i O R AR TS
Jelys T TCASNE T, LR ] LU 15 6 PH B T8 iU 5 W 3 v B T B RS0, AR kA= W e x
15 R BT .
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