55 43 B4 5 W ¥ @ 4t T Vol.43, No.5
2026 4 5 A FINE CHEMICALS May 2026

KT SRR
RELBIREER N Fe BUFIHIF R
e T 40 B R R (2R 14 BE

RRE, BER, B

(REFEH TR L TRE2=BE, 1175 KJE 030000 )

E: DIOBEM . NaH,PO, Fl FeCly6H,0 Ny EEFUR}, il B RZE K il 45 T A LB 240 ok fi gk Fe
AL (Fe/AC-NP), IR ILH TR LEAFIRE . R XRD. SEM. XPS. BET X} Fe/AC-NP M{WIE .
S NFFLRSEGH T TIE , BRETIREHILLL . 2772288 Fe/AC-NP b A b MIRE 1L 55
At (COD) MR S MM, Wil [ IR | KA IR XPS FAE, M T Ak S8 A LEEFN
DIt 5L, B n(BURE) + n(NaH,PO,)=2 ¢ 1 il %5 ) Fe/AC-NP PEfERAE, H LR TR 699.647 m?/g,
i 1 A #E°4 0.0169 nm, Fe/AC-NP I+ Fe sr ¥ 5] HARTE R RL, sUITHL M ZIF S5 N, P M EAEH, 2
LA Fe()# Fe(TMJER T . Fe/AC-NP 13 Tk K4 A R W8 1) pe A S R 45 028« IO 230 °C . RO
71 1.2 MPa, Fe/AC-NP A (R, FR) 1.25 g/L. #FZS5MH T, KN 70 min B A] 584 2k COD,
KR 150 min A EBRF>88.7%, EFIH 5 K5, COD FIEAEIRZRE 96.3%F1 84.2%, A HA At
%G8 R TRV T (i afE SO B, A FR Ak B ok B 3 R e SR N R AR S & R I TR ALE, ST
1YL IR o T B ALY AL R A BRAR M, SR T Fe—N MEARCEME, WINT A S ek A i T
TR LR R BB
KA By BOREM WaUEIRE L R, AL A ML KR
FESES: TQ426.94; X703 XHERIAAE: A XEHS: 1003-5214 (2026) 05-1160-14

Preparation of Fe catalyst supported on nitrogen and phosphorus
co-doped activated carbon and its wet catalytic
per formance on piperazine degradation
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Abstract: Nitrogen and phosphorus co-doped activated carbon-supported iron catalyst (Fe/AC-NP) was
synthesized from dicyandiamide, NaH,PO, and FeCl3*6H,0 via two-step impregnation-evaporation method,
and subsequently employed for the catalytic degradation of piperazine in aqueous solution. The
microstructure, chemical composition and textural properties of Fe/AC-NP were characterized by XRD,
SEM, XPS and BET. The effects of raw materials ratio and heteroatom doping type on the chemical oxygen
demand (COD) and ammonia nitrogen contents of the catalytic piperazine oxidation degradation by
Fe/AC-NP were investigated, while the possible reaction mechanism was analyzed through radical
quenching experiments, water contact angle measurements and XPS analyses. The results showed that the
Fe/AC-NP prepared with n(C,H4Ny) : n(NaH,PO4)=2 : 1 displayed the best properties, with a high specific
surface area of 699.647 m?/g, a crystal lattice spacing of 0.0169 nm, and a uniform distribution of iron
species without the formation of large agglomerates. The Fe species were successfully loaded and
coordinated with N and P atoms, predominantly existing in the forms of Fe(Il) and Fe(Ill). The optimal
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reaction conditions of Fe/AC-NP for piperazine degradation were temperature 230 °C, pressure 1.2 MPa,

catalyst dosage (mass concentration, the same below) 1.25 g/L, under which, COD was completely

removed within 70 min, and the ammonia nitrogen removal efficiency reached > 88.7% after 150 min. Even

after five successive recycles, the COD and ammonia nitrogen removal efficiencies remained high at 96.3%

and 84.2%, respectively. The synergistic contribution of graphitic and pyrrolic nitrogen functionalities

enhanced oxygen adsorption. The catalytic degradation process was primarily driven by hydroxyl radical

chain reactions and facilitated by electron transfer between the carbon support and metal sites. Furthermore,

phosphorus doping modulated the surface acidity/basicity and stabilized Fe—N bonds, enabling the N-P

co-doped carbon matrix to maintain catalytic activity via electronic regulation throughout the reaction

cycles

Key words: co-doping; coal-based activated carbon; wet catalytic oxidation; piperazine; hydroxyl radicals;

water treatment technology
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Fig. 1 Change of COD (a) and ammonia nitrogen content (b)

during the wet catalytic oxidation of piperazine by
Fe/AC-NP, Fe/AC-NB, Fe/AC-NS and Fe/AC-N
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Fig. 2 Change of COD (a) and ammonia nitrogen content (b)
during the degradation of piperazine by N and P
co-doped activated carbon supported iron catalysts

prepared with different n(C,H4N,) : n(NaH,POy)
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Fig. 3 Change of COD (a) and ammonia nitrogen content (b)
during the degradation of piperazine by N, P
co-doped activated carbon supported iron catalysts
prepared with different addition amount of FeCl;
solution
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Fig. 4 XRD patterns of H-AC and Fe/AC-NP
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images of Fe/AC-NP at different magnifications (c, d)
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223 XPS

¥l 6 &y H-AC. NP-AC fil Fe/AC-NP [1J XPS %
WEE, RN ITTRERTE

Ols Nls: Cls; P2p

| H-AC

‘ Fe/AC-NP

800 700 600 500 400 300 200 100
GiaeeV

/Fe 2p ‘A

6 H-AC. NP-AC #ll Fe/AC-NP 1y XPS i %l
Fig. 6 XPS spectra of H-AC, NP-AC and Fe/AC-NP

# 1 H-AC. NP-AC Fl Fe/AC-NP [T BE IR 435k

Table 1 Element molar fraction of H-AC, NP-AC and Fe/
AC-NP
JEE IR 5350/ %
FE i
C N (6] P Fe
H-AC 86.91 0 9.98 0 0
NP-AC 56.22 8.48 27.05 7.85 0

Fe/AC-NP 77.99 4.21 10.46 3.57 0.87

M 6 FiiZk 1 ATLLE Y, 5 H-AC # Lk, NP-AC
il Fe/AC-NP 1E£5 4 AE 133.96 eV 4RI T P 2p 4
fIE WO RIS T B B35 V7 1 . Fe/AC-NP 7E4%
A6 717.28 eV AbH R Fe 2p I, 3FH Fe (T f12507,
Fe BEIRMECN 0.87%, SILHskml s scib—8. 5
H-AC #HLt, NP-AC Fl Fe/AC-NP f) C /R 7047
HFEE 56.22%F 77.99%. X AIfEREM T N, P Al
Fe B9 ALK K E RER Y38 . 5 NP-AC ML,
Fe/AC-NP ' N FEE/R M E0 N 8.48% % % 4.21%, P
M 7.85%[ % 3.57%, A5G C BEIRM BN, HE
MFTRERE, Fe MBI AMEDE T #RF 0B e
mef, FEC BERATESE I, N AP EEIR B0
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& 7 & NP-AC #il Fe/AC-NP () C 1s N 15 . P 2p
DL & Fe/AC-NP [ Fe 2p 543t XPS &,

a —C—C
— C—0—-<C
— 0—C=0

NP-AC

Fe/AC-NP

292 290 288 286 284 282 280

ZAREeV
b

NP-AC
— HEEN
— Fe—N
— BN
— AEN

Fe/AC-NP

406 404 402 400 398 396
& fkeV

Fe/AC-NP

134 132 130 128
ZE&fkeV

140 138 136

d — Fe 2p3/2

740 735 730 725 720 715 710 705
ZEERE/eV

El 7 NP-AC 1 Fe/AC-NP A C 1s (a), N1s (b), P2p
(¢) /3 ¥E XPS 3Kl ; Fe/AC-NP [ Fe 2p /03
XPS i%E (d)

Fig. 7 High-resolution XPS spectra of C 1s (a), N ls (b)

and P 2p (c) for NP-AC and Fe/AC-NP; High-resolution
XPS spectrum of Fe 2p for Fe/AC-NP (d)

M 7 RTIE W, C Ls P XPS i, 1E
2E 6k 284.8 . 285.9 i1 289.7 eV b XTI T C—C.

C—O0—C 1 0—C=0"*1( [&] 7a ); N s &4 ¥ XPS
WEEH, NP-AC 7E45 5 HE 398.4. 399.6 Fl1400.3 eV
AR X R T E N, IS N, 78 N1, Fe/AC-NP
Br T HA LIRSS, FELE A TE 398.8 eV ANHT XTI
Fe—NP ([ 7b), UEBHESR Fe fzgiifgfk, (HH
BB AT S NAEAEH, SR 2540 7= T 5 m

NP-AC 1Y P 2p FHEUE ST 0 T-454 fE 133.2 Fil
134.1 eV 4k, Fe/AC-NP {4 P 2p HFAF I 53 B4 T 45
A HE 133.8 f1 134.5 eV &b, XfRF P—O Fl P—C,
Fe/AC-NP ) P 2p FEIEIER I B2 MUimEs , 2K
N Fe MHI AU T 28R 1f A9 fL 255 7¢ ),
Fe/AC-NP TEZ54RE 711.8., 717.4. 725.5 eV b4 3 4
Fe 2p WML, XFR.F Fe 2psn. Fe 2py, Al Fe 2p
) TG, Fe( I1)AY Fe 2ps, Wi 7 HINAE 711~712 eV,
KR A Fe® 1 B TR A& Fe(0), Fe 2py, Xt
% F Fe(1), Fe 2p () TR WEXT Fe( )P, A
R P AEAE Fe BRI BYEALAS, Fe( TN Fe(TEZ
PIFFTEA B TR TR B R, segmEstf
H3E («OH) MYAERECRE (B 7d ). EAFEFEERZE,
Fe/AC-NP H' Fe 450 A M EAE, R
H Fe B4 H R,
224 BET

%] 8 *& H-AC Fl Fe/AC-NP ] N, Wz [t - i Bt 25 5
LMFLE s Bl . 3 2 4 H-AC il Fe/AC-NP #FL
SRR

a
&
\g/ :_T:I:F:':":.d;"‘-
g
=
B
——H-AC
—a—Fe/AC-NP
0 0.2 0.4 0.6 0.8 1.0
FEXTEST (p/po)
o0 ——H-AC
—s— Fe/AC-NP
? "
&
g
&
—
~ &

0 20 40 60 80 100 120 140
flL.&2/Mmm
8 H-AC Fil Fe/AC-NP ) Ny W B -Jli BiF 45t 26 (a)
FLAR AL (b)
Fig. 8 N, adsorption-desorption isotherms (a) and pore size
distribution curves (b) of H-AC and Fe/AC-NP
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I 8 TT LA Y, H-AC B N, 52 -3t B 25 v 2%
I T BRIV AV SERZR L &, A B S i I
JIE B S tha A I S R O L e IS fb s B R A
SRUE RN, TRE S A KR AL E A ALY,

%2 H-AC 1 Fe/AC-NP [ FLE5 4 £ 8
Table 2 Pore structure data of H-AC and Fe/AC-NP

FE 5 Sger/(m*/g)  BFLAER/(em’/g)  FHFLAE/Mmm
H-AC 960.187 0.5374 2.239
Fe/AC-NP 699.647 0.4038 2.309

Fe/AC-NP 1) N, W2 [} - it B 55 2 [al #Ay IV 784 45
TR NFE 2 W LIFE H , Fe/AC-NPH-AC fll Fe/AC-NP
B R T AL ( Sper ) 40514 960.187 1 699.647 m*/g,
MALATRS 2 0.5374 F10.4038 em’/g, “FHIFLIRSY
Wik 2.239 F12.309 nm, Fe/AC-NP M MFA
WY, Fe TAzmXHLEsZ MmN, L
SRR LA, AT RE S TEME b AR TR T A Y B
T
23 KBERNBEEZEXBERSH
23.1 B RIBEMHH

& 9 g SN iR X Fe/ AC-NP ik fift Wk 128 3
Firf COD M A & &= RZ

CODER/%

100 120 140

0 20 40 60 80

5} 8] /min
100 |- —=-210°C
——220°C
80 L —--230°C
- 240 °C
8 —-250°C
I 60 -
4
B 40 |
114
20t
ol

0 20 40 60 80
it ] /min

B9 RERVIEET, Fe/AC-NP bR IR % 2 b
COD (a) M2 % & H (b) FlmkE 2k
Fig. 9 Change of COD (a) and ammonia nitrogen content

(b) during catalytic degradation of piperzine by
Fe/AC-NP at different reaction temperatures

160 120 140

MK 9a AT LIFEH, [ 70 min B, SR
210 °C,COD il 17.4%; KU lia Bk 220 °C,
COD R4 10.8%; 1 Wi EE R 230 F1 240 °C
ff, AISCEL COD MyseasABR; dRekTtm SO i N
250 °C, 2 )i 90 min J5 735 E] COD 7¢ 4 BRI,
VB THE DN E T «0H 5820 5 P4,

M 9b TLUE H, OB 210 #1220 °C
B, S0 150 min J5 2 A & 550 318 24.7%H119.4%;
MU EE K 230 °CHY, KR 150 min JE A A S EEE
11.3%; ZkZLTHEZ 240 #1250 °C, ZA &R
FE 17.0%, XHHET, mils] &R S B =P
TIRBEFHAEAS R TP
232 B REJEAHHH

& 10 g [ 7 JE J1 %5 Fe/ AC-NP Ak & it Wi 9 it
i COD FIZ A & s 520 o

CODE#/%

0 20 40 60 80 100 120 140
5} ] /min

FREE/%

L

0 20 40 60 80 100
[} 8] /min

120 140

E 10 AR F T, Fe/AC-NP Ak fif R % it 7
COD (a) MZEA T (b) FmfEp2Z
Fig. 10 Change of COD (a) and ammonia nitrogen content
(b) during catalytic degradation of piperazine by
Fe/AC-NP under different reaction pressures

M 10a 7 LLEH, M55 A 0.8 MPa A,
S 70 min BF COD 7 1% R 23.2% , S 120 min
B A eS8 COD 582 2Bk A 0 R 48T+ 2 1.0 MPa,
S 120 min BPA] 58 42 25 COD, A itk — 42
R4 1.2 A1 1.4 MPa B, W 70 min EP ] 5288 COD 1)
SRR BORFEN, BRI T RN R
T R, TSR AT HIL Y S iR PO

M 10b AT LLE Y, 050 2 0.8 ,1.0 F1 1.2 MPa
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B, S0 150 min J5 2 A& & 55 3R R 27.3%.19.7%
1 11.3%, ETH = A0 N 1.4 MPa, JZ i 150 min
AT RMERE 11.0%, RPKRBRAWED X
21l BB
2.3.3 fEARLF A E 6 R

& 11 4 Fe/AC-NP 5 il dat %o HAE A e i DR 1 4o
FErf COD FIZ A & HIF I

100 [-+a =050 g/L
——0.80 g/L
80 | - 1.00 g/L
—~125g/L
2 ——1.50g/L
mﬁ 60
4
840t
o}
20
0 -

0 20 40 60 80 100 120 140
5} 8] /min

EREE/%

0 20 40 60 80 100 120 140
s} 1] /min
Bl 11 A[E Fe/AC-NP it &, Fe/AC-NP HEALE ff Ik
iR COD (a) FIEA SR (b) BERFTHAIAYAE{L
Change of COD (a) and ammonia nitrogen content

(b) during catalytic degradation of piperazine by
Fe/AC-NP under different dosages of Fe/AC-NP

Fig. 11

ME 11a ATREH, W 70 min B, Fe/AC-NP
BhniEA 1.25.1.50 g/L ¥7] 584 2Rk COD, Fe/AC-NP
BN 0.5, 0.8, 1.0 g/L X COD 435K
21.7%. 15.1%. 10.0%. Z553KW, Fe/AC-NP /il
=125¢g/L 5, RUSHERZR T COD y5e4 LBk, i
AR S MELRE AR, FECOD R,

ME 11b ALLFEH, X4 Fe/AC-NP £l M
0.50 g/L ¥4 1.25 /L B, JZ W/ 150 min 2 & & it
M 28.0%Z Wi FEE 11.3%., KR 150 min B,
Fe/AC-NP ik 1.50 g/L XM & & & &>
10.5%, Fe/AC-NP #mim$est 0.25 g/L, @A T &
LA LRI 0.8%. #HBH, Fe/AC-NP 7E— & (] N
WEALRE JIAEAE LR, MR B AESS , kS
ALFANBE 2 X Ak B 7 CR B $ T AN B

25 LTIR , Fe/ AC-NP i {b B fiff IR 158 1 7K 19 e A
T AR BRI 230 °C, W JE ) 1.2 MPa,

Fe/AC-NP il 1.25 g/L,
234 FAAETLEMAGBIE

& 12 N AE RN IR 230 °C R W JE /) 1.2 MPa.,
Fe/AC-NP # /N4 1.25 g/L (EAE T ALK T, i
4 YK Fe/ AC-NP A fb [ fiff W 18 42 7K 1) SE 3R 25 5

100 ¢4 +i’§'§§ﬂﬁ1
- EH IR
80 f —— FTH K3
S - R
I8 60 |
4o
8
S 40F
20 +
0r, . . . . . . .
0 20 40 60 80 100 120 140
At [8] /min
100
80 -
X
I 60 -
4
g 40 +
o IR
20 [° —— EELK?
- EELR3
0 20 40 60 80 100 120 140
B} /8] /min

12 FfET 24T, Fe/AC-NP kIR K 52 5056
5 COD (a) MERTE (b) K HH 2L
Fig. 12 Change of COD (a) and ammonia nitrogen content
(b) during catalytic degradation of piperazine by
Fe/AC-NP under the optimal conditions

MK 12 ATLVE Y, BEESLRA T, COD %
FRECRIEA AL, [HIEEFE 90 min PISCEL COD 5
G FBks O 150 min PSR S RIESIZIN 6%, 41K
BRI HERAERA SN 9.3%~15.4%. Fe/AC-NP 1E
AL T MR R ERef e, BERER
N AT 5 B RAF M BEARRCR . O 70 min A 584
2:B% COD, 150 min 7] SEELXT 88.7%LA b iy 2 Ak
1R fit o
24 BUFBEREEES

[ 13 2& Fe/AC-NP TESAE N 4514 T B i
7B PR A

ME 13 AT LIE H, Ffi# Fe/AC-NP ¥ vk
BBEn, SW 150 min J5, AL R AR IR 2 5 K
) COD FIEALRZE (LBRFEHH 100%5 COD
WEA SR ) 2HEEE, S WIEH A
J& COD M A LBRFAI A3k 96.3%F1 84.2%, 5]
UAG T AH HUAL AR 3.7%F0 4.5%, SO R M A
FITRAG . 260 Fe/AC-NP FaE 1 B I,
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ol B

: it

20 ¢ = AT

o L4 | | | | l*—%S&@%

0 20 40 6(;# I‘EJ/Sn(,)in 100 120 140

ol
PEFRBUK

a—COD £[E%; b—RAALKRR
Kl 13 Fe/AC-NP [O7EERFE & M
Fig. 13 Cyclic stability of Fe/AC-NP

22 3 ML IE I S50 IS SN IR Fe T &R
%5 i ICP-OES Kzl 55 . MR 3 FTLAIEH, £ 5K
PEMME IS , Fe/AC-NP 4 J&8 B T Ui 0 REAK, {Uh
0.1358%, #F—EH] Fe/AC-NP ELA 1L m 45 Hta
EPERPUS B PERE .
#£3 RN E)EE T T ICP-OES Kl 45

Table 3 Detection results of metal ion leaching from the
reaction solution by ICP-OES

ICP-OES il 4%

PEFR R B IR
Fe BTt /(mg/L) Fe i 3/%
0 0.0008 0.0015
1 0.0014 0.0027
2 0.0040 0.0076
3 0.0109 0.0208
4 0.0454 0.0864
5 0.0713 0.1358

25 HUNESH
251 KRFEH

& 14 AT TR TBA Fil KI X Fe/AC-NP
PR B Al R s IR /K B PR R K SI2 56 4

ME 14 ATLLEH, TBA FiEWEEH 80 mg/L
B, KW 150 min i) COD & & MATEI TBA 1Y 0
T2 88.7% ([ 14a), WA EMAUIN TBA 1Y
11.3%7}F % 80.0% ( & 14b ),

0 20 40 60 80 100 120 140
fi5f 8] /min

0 20 40 60 80 100 120 140

A58l /min
100 r¢ € - 0 mg/L
- 20 m;
80 -+ 40 mg/L
-+ 60 mg/L
X -+ 80 mg/L
1 60
4
8 40
O
20
0 -I 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140
it ] /min
100
80
X
Iﬂﬁ 60
4o
biced L
it 0 - (0 mg/L
2

—-20 mg/L
20 F 4 40mgL
¥ 60 m;
ol 80 mg/L
0 20 40 60 80 100 120 140

s} [B] /min
Kl 14 A[E BB TBA XF COD (a) MIZ AT # (b)
YN ASTE]T R KT X COD () Ra A&
& (d) WEm
Fig. 14 Effects of different mass concentrations of TBA on
COD (a) and ammonia nitrogen content (b);

Effects of different mass concentrations of KI on
COD (c) and ammonia nitrogen content (d)

XAE R, TBA AT LA «OH J R AR i e i 4
s PR Rl 4, T FE Fe/AC-NP AL i
WRRIZ K7 HE i «OH , Il HAA AR R, Bl
b TBA BT E R TH e, MRIBCR EWIE . 45
UESE, »OH 7ERE A AEAL AAL SO AP HA KRBT .
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KI i 0 80 mg/L B, SZ i 150 min #Y COD 7
AT KL A 0 THE 9.8% (K 14c), A&
MAEIN KT B 11.3%TF2E 24.7% (F 14d ), 458 %
WY, WAL e R AR P R R R T AR
252 AEfEn

K 15 NV TG B Fe/AC-NP ) XPS 15Kl
Cls. N ls Ml Fe 2p B4 HHER, DL Fe/AC-N
BN s o Bk e . % 4 M NRTS Fe/AC-NP )
TCEE IR

a

Fe 2p Ols Nls: Cls P2p
. NS W

._.—JL-«———'#\}L———‘Jwvof\) RIifE
-

1 1 1 1 1 1
800 700 600 500 400 300 200 100

45 HeV
b
Al
—C—C
—C—-0-C
— o RR
294 292 290 288 286 284 282 280
Ziafeev
C

406 404 402 400 398 396
gifhbleV

740 735 730 725 720 715 710 705
Gifhtlev

€ — MEBEN

SR

408 406 404 402 400 398 396
GiatEeV

B 15 IV HTG I Fe/AC-NP ) XPS 43K (a) il C 1s
(b).N Is(c )l Fe 2p( d #5453 P & ; Fe/AC-N

BN 1s o #HE R (e)
Fig. 15 XPS full spectra (a), as well as high-resolution
spectra of C 1s (b), N 1s (c) and Fe 2p (d) for

Fe/AC-NP before and after reaction; High-resolution
XPS spectrum of N 1s for Fe/AC-N (e)

F# 4 JVHETE Fe/AC-NP G R BE/R M5
Table 4 Element molar fraction of Fe/AC-NP before and
after catalytic reaction

JEE IR 585/ %
Fe/AC-NP
C N ¢} P Fe
SN i 77.99 4.21 10.46 3.57 0.87
S 80.42 4.10 9.44 3.51 0.80

ME 15a 13 4 AT LA Y, Fe/AC-NP [ Hij J5
C BEIR M EUN 77.99%34 %] 80.42% , 72 BH 2 vj 13 &
H, R R R T BE R T H-AC BIAFAE T Rl
fEIE58 s N BEIRPBON 4.21%F%3] 4.10%, FIFA N
Z 5 T RN FE 5 Fe BEJR 73 4H 0.87%F %) 0.80%,
BB, Fe HammaiT s MR NG,
FERTEIH AP, Fe 2p 455 REAE (13 eV),
T Fe RIS TTREM Fe i) Fe' 7 (& 15d ),

MIE 15b AT LAE Y, Fe/AC-NP ) C 1s H C—C
SEM TR 10.37%8 02 50 5 R 12.29%,
E—BAE C BER B S R a s a G 5
JRRTH ., O—C=0 [m &R 45 A REAL W% 0.3 eV,
W] Fe/AC-NP R P &, XZEHN, Fe—0—C
YN T 0 4 R - AR R A AR A 2 Fe W0FP,
il Fe B, [R]IHE kB B R M4 7] Fe 4%,
P2 AL TE A

M 15¢ A LIFE H, Fe/AC-NP 7E b Ji £1 5 N
D, g N SR, A8 N 5k N phE
W Bt O, i b4 2 I A EA 70, sl (1) ~ (3)
FiR

O,+e —+0, (1)
«0,+2H'—H,0, (2)
H,0,+Fe?*—+«OH+OH +Fe** (3)
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M A Oy B, mEsE NS A A AL O,
I3 DM B AE— i, 7EVE (b R, S5A5% N
AHEBEY C JEF M Oy 73 T4 7 LK H A8 1E 5
—ii, WSS Oy s FHe Ak A S A A (<0,), i
— 54 H,0, BiOH, BRI N t—FiEH T
*OH M4 o

M 15d ATLLE Y, NS Fe/AC-NP 7E454
fig 725.5 eV Ab PRI, K Fe” AN Fe'';
MZ5AHE 713.1 A1 717.4 eV 4L Fe 2psn. Fe 2pin
{ISRAFEAE, HE—2LENIE Fe 25 T b .

M 15e ATLLE Y, SOWFTE Fe/AC-N ) Fe—N
AT T O SO T BRE K, U ] Fe—N B 4514
P8 N3 AR AT SR FR E AEAE o T RN JF Fe/AC-N
Fe—N &5 431k, £ Fe—N 25 T i HEE
HEARR, SEU N FE s A S S5 AP E
Fefitkge (1), P Bl AR T Fe—N HEfE
PE, $ETF T IE VA SRR M, SR TE T A R A
(&

& 16 2 H-AC \NP-AC #i1 Fe/AC-NP 11 Nyquist [¥],

300 = H-AC
—o— NP-AC
250 - ——Fe/AC-NP

200 -
g
ET] 150 +
100
50+
; — o e}
i R Ra

0 100 200 300 400 500 600 700
ZIQ

Ry P fif ST A PR BEL B R, 7 A TR T B B B B T 5 R
o3 sk A B i A B s CPEq A1 CPE. 43 B M B 5 s AR AT E
T AL 136 S 1) UL )2 FL 28
K 16 H-AC. NP-AC fil Fe/AC-NP ¥ Nyquist [£]
Fig. 16 Nyquist plots of H-AC, NP-AC and Fe/AC-NP

ME 16 WTLLEH, NP-AC A H fif 5% £ H Bl
(Re) WEALT H-AC, E N, P BIXF AR
SHLPEA WM. 7E NP-AC (3R 5] A Fe,
PE— 3 T S i, Fe T LU /D fL far 5 55
Wy AT, #E— P FRAL R (. R Fe 5] AL
f£T N, PBIRRCR, ni MR B T R it
TR L B IR, Fe/AC-NP A4 HE 7 % £% 1 L
H-AC F1 NP-AC h,

& 17 A H-AC FlI N-AC 7K $ fih 7 25 2L ]
DIE I, N-AC K¥Zfifa ($4{E) M H-AC 1Y 76.3°F
FEEIZ 50.3°, FBH N JTREWGI ARG T8k m &
SRR, AR T O AR O B A R R

Kl 17 H-AC (a) FIN-AC (b) By/K$flfH
Fig. 17 Water contact angles of H-AC (a) and N-AC (b)

L4 A R RIS ARAE /34T, HEI Fe/AC-NP
M A SRR R AR R 1) s AT LR B AnE] 18 i
TN N BZRHR THEALRIZRTH IR, #2771 TIRIE S
Fe/AC-NP B WAL%, (et T A-ZAPERE : nkiE N
VERBEHERL S Oy, -0, , #E—FE10N H,0,
oieOH; 18 N Hmakiikny Sk, (et FHBE
Fe IGPERL, 485 HOp IUTEARAR, IMTRFZEA Wb A
HE-OHP", BRIbZ Ak, P $B24IH Y Fe/AC-NP K [fi iR
e, HE9R Fe—N SHEAUESEME, T Fe—N IE RN 5
FEALEERE . FasE R Fe—N A EOH i, fJa’k
RAOH Bl RIS RS C—N 4, 2B CO, Fil HyO.,

Attack \0.:0:‘ r\o'\.
) e S %

“\\Piperazine ,+*

Oxidation (!
Graphite N /"2,

"/co
L ==

@Q@ca@N@r
@olH Wre

18 Fe/AC-NP {2 AH fb S A I ik DR R 1L /18 52 P
Fig. 18 Schematic diagram of mechanism of piperazine
degradation by Fe/AC-NP wet catalytic oxidation

253 Mfgmiz
2% 5 NEAE N AT OB 15 min B P R
i A P GC-MS A3 A gl .

5 PRI GC-MS Zp s R
Table 5 Analysis results of GC-MS during the degradation

process
5 TR aFA HAXE %
1 LTME C,H;N, 7.14
2 W 5 LR C,H,NO, 5.15
3 TR C,H,0; 10.41
4 WK % C4H 0N, 34.23
5 FR H,C,0, 2.18
6 2-FEFLUR % CsH;)NO 10.75
7 [Q-RILLFAILILHE  CHNO 3.27

T AN S B ER T I R AR — ki
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MF S T LLAE H, WRERE L R i e O e
WRHILLTR . LR . HIR . 2-FHLIRIE . [(Q-F
LA IE G =Y . 456 O AL K R A
YR AR LR i DT RE A - FE Fe/AC-NP LAEHT T,
WA Oy J5 4 UK OH, WRWE 4> F7E-OH fEH T4
B 2-FRFENR R, 2-FR IR R L AT, B R[(2-
RAILLIH IO, WG, [-AILI)FEK)
RERASA#, 7E-OHEFT, C—N W2 L2 — e,
C—N L5 M S A A B 3 2R, £ — e pli Sk e 1k
H L BERR 5 R4y R B P R 2 C—C 5k C—N
i, RN TR N T . TERRSL A AL AL
ERF, DLk 24446 CO, Fl HyO.

3 #Hit

FIH C,H4N4. NaH,PO, Fll FeClys6H,0 2 F %
JR, Eat AR RIS T N P B
PEAAR A 2 A AL 7] Fe/AC-NP,

(1) %88 n(C,HN,) : n(NaH,PO,)=2 : 1 #k}
J& , A FeCly*6H,0, £ 800 °CH#i# i1k )5 15 %
184k 5 Fe/AC-NP,

(2)N. P LB 1 k945 B, Fe/AC-NP
P TR R i EEE (0.0169 nm ), BAEK R
FE R (699.647 m*/g), FLBRZEHIFS 281 (1A%
W, R T EZ G RN . Fe/AC-NP L= Fe %)
A HARTE SRR, izt 5 N P AHEAE
I, EZLL Fe( DA Fe(INERAFALE

(3) Fe/AC-NP %3 Ak S b 5 it R 128 1) e A
Sy R 230 °C, RWEJ 1.2 MPa,
Fe/AC-NP il A 1.25 g/L, %3 500 r/min. 7EM. 45
P, ) 70 min B AT 58 42 &% COD, & i 150 min
AT ST 88.7%L) b A R R TR A

(4) Fe/AC-NP fEFFIH 5 ¥k, COD FIZ A M
EBRETT K 96.3%F1 84.2%, Fe B 0.1358%.

(5) A4 N AL N B REIER, 2 O, Bk
R A = 0 (19 3E4T, Fe/AC-NP 33t Fe—N o7
BRI HoO, B34 i -OH FER# MR, P i i I
AL R PRI E , B Fe—N #pfa e, M1
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