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Abstract; In this paper, a semi-coke with a particle size of 5—8 mm was used as a carrier to prepare a semi-coke
loaded Fe,0, composite material (Fe;0,@ MSCe). The physicochemical properties and valence bond structure of
the sample were characterized by SEM, XPS, XRD and FTIR, and the decomposition performance and heat release
law of Fe,0,@ MSCe/H,0, multiphase Fenton system were studied. The results show that Fe,0,@ MSCe retains the
porous morphology of the semi-coke, and Fe;0, is uniformly and firmly supported on the surface of the semi-coke
particles. Under the alkaline conditions of pH=7.8~11.2, both maintain good decomposition activity. In the case of
[H,0,] =0.25 mol/L, Fe304@ MSCe dosage is 533 g - L™', pH=7.8, T, = 30 °C, 300 mL o-phenylenediamine
solution with a concentration of 0.04 mol + L' decomposition, the rate is 90.9% , and the temperature rise value of
the solution is 7.1 “C. It shows good decomposition performance and exothermic characteristics, which provides
technical support for solving the problems of the existing Fenton technology and the energy utilization of sewage
treatment.

Keywords: Multiphase Fenton; decomposition; heat release; sewage

REVR 53R A NIt 2 A R R A ok
DR, £ PRI ORI 14 [ Ao e 5T B D2 [T i 194 6 AR 52 3]
AR A I, B AEbe K AL B SR AE T BR A 6
B G Re TRI | 38 o 58 58 4 v 1 7 2ORE S 3% 14 £k
FREFEH AR IR AT AL H AR AR AL 2 U

K F HE: 2020-07-30

EEUA: HXKARFIAHES (51478144)

EBEN: ERE(1972—) , B WA S TR,
OB (1967—) B H %, WA S

BIE1ER . BAEA, xcheng@ sdu.edu.cn

i R A HILBRE K A [R] I RE 75 e 8 e e B A PILER
K A LA e A SR T A AT A AR IR
AR AR ISR AR A A 50 7 R S R B R A
ARG TN 55 FIREE AR E RS T R
I3 BB ST AN 3k 7P, (E 75 7K v 2 AR A Ak P i i
PR S IABER FHEAR AT AR ILAGE .

19 IR PR AR S A D & i dh A2 L BE
B3 5 7K AN RE LA T AR A (A BESR Ty vl
FHFAll Az 7= A Z (I 14 0 i (37 FARE A 2 (2 RE TR
PR B, th T 32 314 2 95 7K I B AN R B HE it



148 - MR O T M ok % % R

553 4%

JIE PR R PR, 45 3RS 95 7K 0 AT AR IR R R AIG  JE
—MRAETITE 5 C A AT, AR B 7K I R AR s 82 ™ o o]
2T HIER R BGE. H I, BF 5 TE K AL B R A
A= Iag, BT RV KR ETHE 5 C A KL
B, BIAT AR TG K IR IR A X A MIE
XF5 7K 1 e AL A AT SR L

ZHH S AL SR A B A R — b LB [ 2 R A
BT H TR o R R AR R R 3
( - OH) KA AL T5 K 0 k43 ff A AL, A K A
MES3 ik B A HILTS Y 9 S B e sk A1 2 A 2
MEAC LB AR v ik T FIAH 25 4 Ak S Ak H2 R pH i
S A R R R B pH (S
FHYE IR v A= AR sl b = A ke AR nT LA
=R AN LR AR = I TE | B AN T A B N
ARSI A AL SR H,0, 50 F F H bRis 4
Yo F B AE AL R A e 1w ) T e R AR A
PR B AP 2R 2% 1T 1) 0 1 4 JE A AL 1,0, 77 A 5
AWK - OH) BEAME( - OH) Widi Hiris
P AR H bR TS g o i 7 AR AR S5
AR R R B B R A TR A R, R
H 5 A A AR AR 28 HA L 3 T RRURITRE o
RERR 1 RR 20720 GORARAS Y A B W
B&'2 RO E s RGO S H AT
I Z AR A b 7 2044, B 24 Fenton 1k
FIEAR T B B AR, (HR B SR Witk 7
FARAEAEN S s Bl A8 i R R 2 i il Rt -
SKBEM 2315 , 5 T U A e A 300 AR B — A B
OEAYEE

AR YR I B R R o I R A 2R IR
(500~700 °C) TR 2 E k=8, AN+ E
AR FL 28 RA RIS 25 ) T BT 1k i, M A I T R 2
FZS AL 2. PR, AR SC L) 5 ~ 8 mm R AR
FER AR i A — P A% I B 1 2 £ £ 20 Fe, 0,2
HHEL(Fe,0,@ MSCe) , LIMES A5 WL 4B A iz
N EFRIG Y, BF5E Fe,0,@ MSCe/H, 0, Z fH2 %
A ZRE 53 40 R e A A v 1) 4 A 1
FBCIA A fif DR IAT 25 052 AR A7 AE 1 R8RS
KAk P BRI AL A 3 AL AR A
1 L3 AR O
1.1 Fe,0,@MSCe B9%I%

AR B FRER 500 g Ridt N 5~8 mm
F£T 1000 mL Beprr, FH 25 B oK oh e i, SR )5
FH 500 mL ¥ B 1.5 mol/L 14 & E 1k % Wi 3 1
24 h. IR S A B F KA ek s
H, SR )5 T 500 mL € JEH 1.0 mol/L MY AR R I UK

B0 24 h. RRWR B , 25 B K 38 4 ik
AR RIEHE RIS 12K 5 200 C A
T4 12 h A Bk AR (MSCe)

ZAFRHR 45 . FREL 500 gMSCe LA 500 mL
WM 0.4 mol/L WIRRIR 2R A1 0.4 mol/L B iR W42k
RAER TSR, 24 h 5 i B B i
JE BYEAR A S 500 mL A 0.6 mol/ L 1A AL
VSR, R 2 h S B R T 5 Pk
PRV VAR T SRS IR RS AR S T 200 °C T
AT 12 h 153 Fe,0,@ MSCe E-5H1EL
1.2 XWEREHHE

A8 pH MRAL (PHS-3C B, F AR RHYL YL
FABRAF) , I B IC R (TH22R - XX A IR
TR AERH A BR 2 @), COD MR AL (JHR-2
HREEEFRHEARAR), RN AR T
B MEE (Quanta 400 FEG) , X 5 £k fE % % ( Edax
appllo x1), X SO H T RE TS ( Thermo ESCALAB
250Xi) , X—HHER AT S (SmartLab 3KW) | i HLH-45
Wl HM1EAY ( Thermo Scientific Nicolet iS50) .

IR 4B T (C,HgN,) 30%H,0, Fe,(S0,), .
H,S0, .NaOH . Ag, SO, . (NH, ), Fe (SO,), + 6H,0.
K, Cr, 0, , iG44SR 20 Hr 4l 55 ([ 28 4 A A 235
ABRAF).

SCEAEE A 1 P, OV AE 500 mL [5] i kE
IFRIEAT , BEIf N B A DUTRLAS ABE AT BT
WL 0 SHEFEVLA E 12, MR o SR 5 R
VBRI SR U 4 | RIS Be i A M RE L R A DR IRZ IR
T TR P A 9 2% T 4 7 .

3

4
5
6

l\E

1WA 2— IR TSN 3—HEPEAL;
4—MZG 1 5 5—500 mL [FEEH ; 6—1RIR)2
E1 IREBREE
Fig.1 Experimental device diagram
TREHLE K A E 1« FEDHG %88 1 W i PR B — 2 It
IR AR 257, 25 B F/KHE 2 000 mL 45 )l
HP A 8 — R R ) B A AL PR K. LR K
() pH 1 0.05 mol/L B R AT 0.1 mol/L Y&
ARV IR A TR
ARSI B RS A1 AR e VA TR B 2 e R B
TE TR TS50 Uh SN 8 10 °C 242 A7 i I IR K 1A 4
P, RS NI e Vs T 2 42 I K I TR B A . 5K




%14

E=W, 5. Fe,0,@ MSCe/H, 0, 2 AHZF A 22 1) 73 Al 14 RE S R FARAF 92 <149 .

YT, 5 5 s BB 4F 1K) Fe, O, @ MSCe i 1k 51 Al
300 mLAMFAGE (1) &0 8 — e 5 W 150 A B 1A 1 S 56 ke
E B B A, FE R B HEPL (600 r/min) |, SE5 R
B ISRV H. QIR RV W I B % 2 1 1) R W )
GRTRLEE RS 1) S8R e W B0 1,0, , [FIE )5 30
TR E SR AN, T ST VR A S5 k3 R S g o ], 4
PAC TR 10 min — WK, SR B AR TR B0 VE
W22 7 COD.

2 EBREREITH

2.1 SEM 447

1 2 SRR Y SEM 35 R EDS REIEE]. &l 2
(a) F1(b) o] LA | 9K J0RL 3450 143 F57E MSCe
FEAITCA P51 fuff 258 8 70 4 1 50 3 T ) 3 2 o
P2 WY Fe,0,@ MSCe & & # R HEAL T
PEPT HE 2(e) () X HJE T RAF Y, MSCe K
i AT E 2 A €.0.Si,S.Ca 55 5 Fon R4,

500(
C

4007
300
200

S

Si ’

a
OJ A —

1 2 3 4 5 6 7 8
Energy keV

(e)

#HgFEEH C.0.81.S.Ca Fe % 6 FPC EHM, F
W] Fe JCE NI T Fe,0,@ MSCe FEAZ |,
2.2 XPS o#f

Kl 3 N Fe,0,@ MSCe FE 1 1 XPS 35141, Fe,, 1
FIOMHE XPS I (3 (a)) R, Fe, 614 A
SRUERLE R 5 A FE 43 IR Fe® (711.6 eV Al
725.4 €V) Fe'" (714.5 eV £l 732.5 eV) fl T2 1§
(719.1 V), Fe™ 55 Fe* (LI N 1 = 2, KW
Fe,0,@ MSCeff i IR TC R EZLL Fe™* 5 Fe™ 1Y
FERAETE. O, WU 433 XPS JEik Al 4014y 4 /N
(B 3(b)), HE5E 5505k 536.6 eV .533.9 eV,
531.2 eVH1529.4 eV, HiP 455 68 529.4 eV HJE T
Fe AL ¥ B O-Fe i, 25 A HE M 533.9 eV A
531.2 eV43ollX i O=C 8#F1 O-C 5, i T 536.6 eV
AR O, FEAEIE V] HEIHJE T Na KLL, £ Fe,0,@
MSCe FEMH IR IC R FE L Fe WAL YITIE 17
ETE AR,

(b)

60007C
50007
40007
30001
2000
1000 ! Ca Fe
oﬂm A A ..
1 2 3 4 5 6 7 8
Energy keV

(d)

2 FEmmEI SEM #E£E ((a) MSCe, (b) Fe,0,@MSCe) #1 EDS &EiZ% B ( (c) MSCe, (d) Fe,0,@MSCe)
Fig. 2 SEM spectrum( (a) MSCe, (b) Fe;0,@ MSCe ) and EDS spectrum( (¢) MSCe, (d) Fe;0,@ MSCe) of sample

2.3 XRD 547

&l 4 4 Fe,0,@ MSCe FEH ) XRD 3. ME 4
A1, Fe, 0, @ MSCe £ 51 7E 260 = 30.12°,35.48°,
49.58°,57.03° 4k i B 1 B4 S 0 XF HE Fe,y O, B
Y A (PDF:88-0866) Al 1, 26 = 30.12°,35.48°,
57.03° b 77T 5 W5 X 1 B AR A Fey O, FE i T A
Fe, 0, 545 RBED M Ui Fe, 0,8 M1
3 MSCe #AAF M ; X 1 Fe, O, h51EF A (JCPDS

78—1996) A 41, 26 = 49.58° AT EHIA X I3 4 14y
Fe,0,*  FH] Fe,0,@ MSCe Ff & i1 S & vh if 2
A7 Fe,0,.
2.4 FTIR 947

5 24 Fe,0,@ MSCe FIZLAMETEE]. LS 7]
PIE H, Fe, 0, @ MSCe # i I 20403k BT H 8L T
546.2 cm™ {0 45 IR B | Ak 0 21 A1 ik BE T i i Sy
Fe,0,41 ) Fe—0 $&31"> , ik —2 KW Fe, 0, L2



-+ 150 - MR O T M ok % % R

553 4%

E T MSCe 22 . %54b,3423.5 em™ S O—H Ay
AR R BRI 2915 dem™ Sk —CH, — 1 1 45 4% 3 ¢ 5
1592.9 em™ fy C=C MMZEIRSII% ;1 420.3 em™ Ny
-CH,-.-COOH ,-CH i 45 #8014 ; 1 160.5 cm™
RBRIR £ SO, 1 KON FR AP 4 165 1 060.2 em™ Ky

C-0.C-C B4 PR 3%, 805.1 em™ N ILE R Si0,
AR AR PR B | 727.5 em™" g — CH, — A {1 45 4% 5l I
M Fe,0,@ MSCe FEfH & A K B REH A Al T4
TR R TR R S 1 TR

35 000

30 000

n

25 000

Counts /s

20 000

15 000

10 000 1 1 1 1 )
545 540 535 530 525

Binding Energy/eV
(b)

E 3 Fe,0,@MSCe i XPS i%[E: (a) Fe, i&E;(b)O,i&E
Fig.3  XPS spectrum of Fe,0,@ MSCe: (a) Fe,, spectrum; (b) O, spectrum

Fez,mz
16 000
15500
£ 15000 -
2
&) A
14 500 HF
14 000
740 735 730 725 720 715 710 705 700
Binding Energy/eV
(a)
6500
6000 F
E
2 5500
<
£ 5000
=
4500+
4 OOO 1 1 L 1 1 L J
30 35 40 45 50 55 60
26/(°)
4 Fe,0,@MSCe J XRD iZE
Fig.4 XRD spectrum of Fe,0,@ MSCe
100p
< 95r
3
3
E o0r
g
=
85k & =X
Fe0.@MSCe 2
80 1 1 1 J
3 000 2000 1000

Wavenumber/cm™
5 Fe,0,@MSCe B FTIR i% &
Fig.5 FTIR spectrum of Fe;O,@ MSCe
2.5 FHRMRERZI
RWFFETS Y JE XS Fe, 0, @ MSCe/H, 0, Z H

SRR ZR IR RE TN 43 A TR O IR B 5200, 2
FAF R« AR VA W R R LA 300 mL, #4G R
N FE A 30 C, H, O, Bk BE A 0.25 mol/L,
Fe,0,@ MSCeftEfbI NNt 533 ¢/L, 2 i i [f]
9 180 min, Y A A TR A R Y W) 1R W E
0 mol/LIEHNZE 0.06 mol/L, SLE45 B UNE 6 /.

& 6(a) Al LLF i, Fe,0,@ MSCe/H, 0, Z
SRR R AE B SN R AR 73 i S8R — i W iy it
TR BT B T R, A JF AR R
SN 3k AR A AR . VAU TP AR R TR Uk B Dy
| BIVE R AAFAE Fe, 0, @ MSCe #E1L 7] H,0, il
BT IR Fe,0,@ MSCe/H, 0, ZAHZS 14 2 H &
JNE (A R T BB T VR b A &R 2R e it iy
PR T EUE. R AE 5 e W AFFE BT, Fe, 0, @
MSCe AT LIS H,0, % 4 A B K, (HAB A
TG T RAELEAR T SO A R ARG

A 6(b) AT, S 180 min , RB7K Wi i 1
WITEVREE B 0.01 mol/L AR YK M % 0.04 mol/L KT,
AR 2K R COD A fR i (AC) A B A
1 608.4 mg/L.3 396.7 mg/L.5 253.5 mg/L Al
7 374.7 mg/L, WA EUE (AT) 50 51°56.0 °C |
6.4 °C .6.9 CHI7.3 °C ; QkLEIG ML —HeVE R w)
TEHEEE 2 0.05 mol/L 1 0.06 mol/L B}, AC 435K
7 987.5 mg/LFI1 8 370.2 mg/L, AT 4351 }7.5 °C Fi
7.6 °C. ARH R COD JM it (AC) FIVATR
TRTHEUE (AT) PIBEARIR  Je 7 B0 Lh v B 1 34 n



514

E=W, 5. Fe,0,@ MSCe/H, 0, 2 AHZF A 22 1) 73 Al 14 RE S R FARAF 92 - 151 -

TSI, AL s FEE AR . 3k St v T 95 9 [

- OH Il HO, - %5 [ Hy 2% 50 A 8828 — i 7 i £k
ok B A VR W) A VAR E e i 0 qHL
SRS 2 A 1K 1) — (L AR U I i 2L

8

~@®— 0.01 mol/LL

) L —A— 0.02 mol/L,
—¥— 0.03 mol/L
@ 0.04 mol/L,
0 ~4= 0.05 mol/L.
—"— 0.06 mol/L.

0 20 40 60 80 100 120 140 160 180

t/min

(a)

3 9000
1 8000
7000
16000 _
15000 =
1 4000E
130003
—A— AC 42000
4 1000

1 1 1 1 O
0.01 0.02 0.03 0.04 0.05 0.06

Cegngn,/(mol < L)
(b)
6 PEZBRABVGAREXFEE R R AR (a)
oA KECE (b) B2

Fig.6  Effect of initial concentration of o-phenylenediamine

solution on exothermic performance of Fenton system

(a) and correlation between heat release and

degradation (b)

AN i H, O, v BE 45 50y 2% A AH
[P S  B Wb = E 1/ - OH #1 HO, - A M
SRR T RA AR, - OH A HO, - % H
FERSROR e oy F IRONL RS Z B R - OH
FIHO, - % [ 5L A S FEE G 9. ka2
#EH, - OH F1 HO, - 45 H i B FIAR R e o 1
INE s 7 A 1 AR T L B 0 A o AR v A 1 A
it B 6(b) iR nT LR H IR THEUE (AT) Ik
&I e T P ) Ly VAR B 4 R — v W) COD
syfiE (AC) BUE LK X R, £ - OH #l HO, -
85 A R )RR e 431 RO s P A B AU e,
0,@ MSCe/H, 0, Z AH S T4 2 53 fiff S b A B 1)
—#B53, Fe,0,@ MSCe fifk H,0,774= + OH #1 HO, -
4B iR H,0,, - OH F1HO, - 55 H &L

AN A A AT Bt e A T B
2.6 EAFIIEMER T

FHHSE Fe,0,@ MSCe LTI X Fe,0,@
MSCe/H, 0, Z FHZF AR Z2 A BE 73 A S RAOG B
PR SR, SR % A D o &1 2R I W W ViR B Dy
0.04 mol/L,&F K 300 mL, pH =7.8 , %) #& 52 1% 1
30 °C,H,0, 8k B 0.25 mol/L, I B[]
180 min , P& 7 {46 7 B9 0 & H 133 /L #5 in&
665 ¢/L, LA R aniE 7 Fros. BIE 7(a) AL
NS E] 358 180 min , AL GBI M 133 o/L 3
g 533 o/L B, 4828 B Vs R 00 Ui BE o e RRO(E
(AT) H1 3.6 CHINF] 7.3 °C , W T v B bt
A TRV o2 1% 18 J T o LR e A R Ak R
B I 533 /L 3N E] 665 o/1. i}, IR AIRE T
FAUE (AT) B 7.3 CYEINF] 7.6 C, W T+
BAE R A TE R4S () B84 0 T T EL W 4 /). 3 m]
AEJE R T 2 A5 AR & b 1 B SR R P i A
FEAHDG  TE H, O, BRIk B2 25 HoAth 52 7 257 AH
[T OL T AR 22 v A s N e 2 T v P i
PR R B RN H, O, 78 fhe A7) 25 T8 174 IR B 4 1 PR
. ML A BE e 8 et A A ) R 1
S BRI H, O, 78 i A0 500 3 T A I B e 2 3
It 0, 0, R A 520 5 DL R FR S L B i
NN - OH FHO, + 45 FH &K b e 2474
T, SO0 eSS0 A B R IO T 5 A 5 398 im0 A 4
IR, B SRVAS VR A AR R T G 1 s o P B ks
A8 i T2 B T 1,0, B B I RRH, H,0,
FEAHE TR 2 T ) IR B 5 B A IR A5 AS PR, 4 £k
RIS 8 T H,0, R HI%.

MIE 7(b) W LA AL B L 133 ¢/L
HINE] 665 g/ L B, S8R VA TR 1 40 % () 4%
WK 37.4% 69.5% 81.6% 90.9% F1 94.1%. S8H
JHe VA TG 1) 53 1 R B Fe, O, @ MSCe 1 A 77 3 hn Y
SR A AR G . XA T
—EWREEE DY B A B s e
PRGN, AL ] 4L H,0, 74/ - OH FiI
HO, « %5 [ 2 A0 500t AR R 38, 90 28 — B i Wi
3l SN R A il SR B T 5 A A R 4
I iR ) — g BUE R, AR S A BN &t i
FZRNEW T H, 0, 8k B i R, 1k H,0, ™
A - OH A1 HO, + 55 1 H 35 A9 B0 (SRS B in Jor
. B 7(h) T LIE R R R R
AL ARV TR A T T R B (AT) A8 AL
FHZEALL, 2R AR SE BB i Y L P AR o i 1)
B hna] [F] 458 Fe, 0,@ MSCe/H, 0, ZHHZ5HHIA
R AR BE N 2 fire 1 BE.



= AN

553 4%

- 152 - MR
sr
6F
2Aar
=
< —m— 133 L
2r —@— 266 /L
0 —W— 532 ¢/L
—0— 665 g/L.
1 1 1 1 1 1 1 1 J
0 20 40 60 80 100 120 140 160 180

t/min

(a)

100

80

60

n/%

40

20

0 1 1 L 0
133 266 399 532 665

Creo,amse(ge L)
(b)
B 7 AFEmE R AL (a) O MR LB
(b) B9

Fig.7  Effect of catalyst dosage on exothermic performance of

reaction (a) and correlation between heat release and
degreadaton (b)

2.7 A& pH ERZN
BIEGE S8R Z W W 16 pH {E X Fe, 0, @
MSCe/H,0, Z tHZF A Z2 L RE AN 53 i i HAOC R
PR S A, SR S5 A0 O« A8 2R i W VR B Dy
0.04 mol/L, RFL A 300 mL, ®IHH KW R 30 °C,
H, O, ¥ FE A 0.25 mol/L, Fe,0,@ MSCe 1L 5
RN 533 ¢/L, SOW B[] 180 min, 875 50
IR ES pH {E %1 3.1.5.1.7.8.8.9 F1 11.2,
SEYR LR ANE 8 o, FHIEl 8 I, 180 minfm
VEWRE pH T 3.1 TFE 11.2 B IR E TH e
BAH (AT) 23910 7.8 °C 7.5 °C 7.3 °C 6.7 C Al
6.1 C; PR MM 73 % (n) 50510 94.5% |
93.7.90.9% .85.2% 1 78.2%. A7 g v T () U J&E
T BB AN 53 2 B WP 1 pHL A 3 T 3k
BEAIR" R IA A I pHL R X A S 7 A 2 A
IR RE AN, R 8 AT LI, fEpH=3.1
~11.2 JEHEIP TR pH (BN SR A 43 S IR
A AL S R | 3 WA LA SO 2 AR ) B 1
BUT VU pH BT 43 i 5L IR ER S 7 19 53 1) 28

.
2.8 H,O0, ik ER M

FFFE H, 0, BN EEXT Fe,0,@ MSCe/H,0,%
AHZSAR 2 A B8 0 53 fidp Tl A OC IR A 1) 52 el 2
Jf Sy RBOR WS VR A R BE R 0.04 mol/ L, (R FH
4 300 mL, pH =7.8 , %14 KW EE R 30 °C, Fe,0,@
MSCe 4650 8 & 4 533 g - L7, & W B [E] K
180 min, #5 H,0, B4 ¥ B f1 0.10 mol/L 3 /i
% 0.35 mol/L, S 45 N 9 froR. HE 9(a) Al
Hl,Fe,0,@ MSCe/H, 0, Z ] Fenton 1 & 7£ 43 fi# 41
RN, AN TR H, 0, BEIHe Xt 1 2 A7)
MV T EUE , H, 0, PR B 0.10 mol/L 3
T%10.35 mol/ LA, 4B 7% — e 7 T 1Y 1R R T i3 BU(E
(AT) fHH 4.4 CHRIGME] 8.1 C , W IR EH
BE H,O, BEH N v BE (4 7 i i i, X =& T H, 0,
B BB VAR R H, O, L TR G AR G 8 S
K, T R A s S R R BT

8 -
6k
2
=4r ——pH=3.1
“ —@—pH=5.1
+pH:7.8
2+ —9—pH=8.9
—@—pH=11.2

0 20 40 60 80 100 120 140 160 180

t/min
(a)
10 1100
8 80
6f 1 60
©
5 g
4t 140 F
—m-AT
2 —A—-7 20
0 . 0
3 4 5 6 7 8 9 10 11
pH
(b)

8 Ak pH EX FUM R R B AT I RE (a) 1 B AR
KEXHE(b) B9S2
Fig.8  Effect of solution pH on exothermic performance of
Fenton system (a) and correlation between heat release
and degreadaton (b)

ME 9 (b) Ha] LIE H, H, 0, 98Bk B M
0.10 mol/ AR N3] 0.35 mol/L B, 2% 180 min
IF, &R B o R (m) 435010 80.6% .88.4%



E=W, 5. Fe,0,@ MSCe/H, 0, 2 AHZF A 22 1) 73 Al 14 RE S R FARAF 92 - 153 -

89.7% 90.9% 89.2%F 88.3% , n {EBE H,0, &k
JEE I 38 0 2 B I S BEAR I LA, X 2 T
H202 ZAALF 42 /Y - OH H1 HO, - %5 [ Hy 3L 0%k
WA H,0, Bk M THE iy £ 88 e oy
T - OH HO, - %5 [ i 5 52 I A9 5503 A g 184 T
ARIR RS TR 43 e R B HL, O, B B2 1) T 5 i
Frit 524 H,0, BB R ik B — B T Ak sk
Hamest, % H,0, . - OH ATHO, - 25 [ i3k a
AR S5 v T 3 A B 38 0, 4 - OH Fi HO, - 4§
[ Fh 3 22 () P YR R B IO R e et [ 4 — e 7 22
[i] %) J52 JO7 T %6 i, 40 2 W I A 43 M R T IR
TR

9 -
8 -
7 -
6 -
5 L
g 4
3 —8— 0.10 mol/L,
3r —@— 0.15 mol/L,
2t —A— .20 mol/L
1 =¥ 0.25 mol/L
~®— 0.30 mol/L
0 —— 035 mol/L.
_1 1 1 1 1 1 1 1 1 J
0 20 40 60 80 100 120 140 160 180
t/min
(a)
101 1100
8 /,——4——4——\4‘1 .
L 4 60
o 6
= IS
< S
4F —m— AT 1 40
—A— 7
2t 420
0

) ) A A 0
0.10 0.15 0.20 0.25 0.30 0.35
ciyo,/(mol - L")

(b)
B9 H,O, ik Xt K R A # ik B8 (a) F1 53 AL #A K BX
T (b) BT
Fig.9 Effect of H,0, concentration on exothermic performance
of reaction( a) and correlation between heat release and
degreadaton (b)
A9 (b) i 1T LU Y, 20 5Bl H, 0, Bk
J3E B o 2 ISR T R ARG At R AR VA IR T
KERE H,0, 85 i 5 9 58 fin 52 B0 30T B 1E bE 4% Y
FUHE, H, O, (045 e JB2 18 fim ik, 48248 — i 788 W 1) 53
fift R (m) FAWIEEETH R EUE (AT) IR H B ]
AP, 455 LR QB8 v WOwI th e i
AT BN B R R 4 pH BT 3 fife S84 e 75 Vi

T PRI R R A3 A R DI 14 52 ) 43 B T LA 3
T, Fe,0,@ MSCe/H, 0, Z SR IA 2 1) 43 1% B
BT rh AR R e o+ IO/ - OH L HO, -
85 L ER RN B AR A5, RAR 28 R o+
RV - OH HO, « 45 H L N 8 %, oF
A 2R 00 20 i PR BE B 5 Fe, 0, @ MSCe/H, 0,2 425
T4 2R AR o BB T YR A S I )
SN e B R 22 | it 3k R R R YL
RIS RIE T LA H, O, B8N e 2 5 i
RN B R SRR I M) h vk
M S A S5 I o P9 575 PR 2R R SIS A3n E v FRl f
AR i 1Y 3 ] [a] 4 & Fe, 0,@ MSCe/H, 0,
Z ARSI A Z2 00 T AR BE RN i 1 .

3 % #

1)Fe,0,@ MSCe/H, 0, Z 4 35 i i 2 7 43 48
AU K Y o B v R R A Y 40 i v RE RN
JHCAPERE 300 mL ¥ BEA 0.04 mol/L A SR AR i
WAE[ Hy0,] =0.25 mol/L . Fe,0,@ MSCe N
533 g - L' \pH=7.8., T, = 30 °C % 54 F iKW
1 4 90.9% , AT } 7.3°C.

2) Fe,0,@ MSCe/H, 0, Z F 254 R 7543 A1 2K
THAANUEIK B R H, O, BN B S 5
SV ) SR B R AR e V) L v B R
FSON R A IR R TR SR IR B P AR
T (R R RHE S Fe, 0, @ MSCe/H, 0, Z2 A1 255
IRZR A RE R Sk RE.

3) F R EEFISIR s RO A = T
BE A B RV RN I JECHAGE  REE A R R = AR
RS S AR A T RN R

4)YKICRLE T Fey0,@ MSCe/H, 0, 2 AHZF M4
RIS FRPERE AR RE L R P Z I EOC R,
X 7K AL B R U Ak R A ELA B R . PR G
A 22 A% S g ot AR A B L S I At Jz o
(852 S5 N 25 RIS IR AFAE A 2, 5 e 50 &
J 7 A A A AR e LA R B AT 2N R ) i) S5
J5 R AT — 2L 5.

5% ik

(1] ML 2505 Ak, 5. B30 ATT AR HRORHB IR T e 2L Bk e 1
BediJit o[ )], ATk, 2017, 36(10) : 3904
LIN Shunhong, LI Wei, BAI Jisong, et al. Co-pyrolysis characteris-
tics and kinetic analysis of refuse derived fuel ( RDF) blends sludge
[J]. Chemical Industry and Engineering Progress, 2017, 36(10) .
3904

(2] X, farse, SRR, 4%, AR TR R Aehe R LA & m3h &
RIHAEL)]. PEPREER, 2019, 39(3) : 1087



© 154 - MR O T M ok % % R

553 4%

LIU Jian, HE Liang, LUO Chengjie, et al. Dynamic leaching rule of
heavy metals in solidified body of fly ash from MSW incineration[ J ].
China Environmental Sciencece, 2019, 39(3) . 1087

IRE, NS, ZER M, S MW-Fel/H, O, 74 2 T b 2L 457 3¢
BUEBOAARRA N [ T]. T EIREERE, 2018, 38(6) : 2144
ZHANG Aiping, CHEN Weiming, LI Qibin , et al. Enhanced deg-

radation of refractory organics in leachate concentrates by Fe®/H, 0,

—
W
s

coupled with microwave irradiation [ J ]. China Environmental Sci-
encece, 2018, 38(6) : 2144

[4] B, BREZ, RGE. 5 AR S 4 28R & IRt etk
WEFE[J]. T EFRERE, 2018, 38(2) : 634
YANG Min, CHEN Dezhen, DAI Xiaohu. Anaerobic co-digestion of
the sewage sludge pyrolysis liquids and cow dung under thermophilic
condition[ J|. China Environmental Sciencece, 2018, 38(2) : 634

[5] YAN Min, MA Chunyuan, SHEN Qiuwan, et al. A novel lignite
pre-drying system integrated with flue gas waste heat recovery at lig-
nite fired power plants [ J]. Applied Thermal Engineering, 2019,
150 200

[6] YAN MIN, ZHANG Liang, SHI Yuetao, et al. A novel boiler cold-
end optimization system based on bypass flue in coal-fired power
plants: Heat recovery from wet flue gas [ J]. Energy, 2018, 152
84

(7] R0, RIER, M, 55 A fL Fe—Si0, & G MR K
WP AEALIEREL D). Z A MR, 2019,36(1) « 222
ZHU Wenjun, WU Zhengying, LIN Yan, et al. Synthesis of meso-
porous Fe—Si0, composites and adsorption and synergetic catalytic
performance[ J]. AMCS, 2019, 36(1) . 222

[8] M, RIH, AR, 5 HURRERZE Fenton fHEAL IR 19 A5 Ko PERE R 5T

[J]. "WEFSERE, 2015,35(6) :1734

SUN Hao, WU Juan, MA Dong, et al. Preparation of iron (III)

vanadate Fenton-like catalyst and its catalytic performance[ J]. Chi-

na Environmental Sciencece, 2015, 35(6) . 1734

EH, BhETT, IR, S5 TR R AR S A IR B AE Tk pH

ARG AL UK B AR SR ] . Ab 22231, 2013, 71(12)

1633

WANG Lie, YAO Yuyuan, SUN Lijie, et al. Activation of hydrogen

peroxide by activated carbon fibers coupled with Fe( lll ) —citrate for

—
=)
[

degradation of dyes at neutral pH[ J]. Acta Chimica Sinica, 2013,
71(12): 1633

[10]RA, #hF4E, T5%, 5. BN H, 0,58 b i J5 7k b 2
ARBERKT]. /LT, 2017, 36(9) : 3523
WU Yue, SUN Yuwei, WANG Dong, et al. Enhancedtreatment of
petrochemical reverse osmosis concentrate by an electro — Fenton
process with dosing H, 0, and aeration[ J]. Chemical Industry and
Engineering Progress, 2017, 36(9) : 3523

[1L]5KEBE ) IMGERS, WMFlR, 250 A Fey 0,/ CuFeS2/ W) i &
AR XA LI AL BEMERE (], W S F AL S 2
2019, 40(3) : 425
ZHANG Jubo, SUN Xiaohan, GAO Qiaojiao, et al. Degradation of
organic dyes over regenerative Fe; O,/CuFeS,/biomass composite
column[ J]. Chemical Journal of Chinese Universities, 2019, 40
(3): 425

[12] kR, L WFIUF, 5200, 55, FeY 25 0 04 w8 AL & S A #4940
Fenton HEALIEMIERE[ ). W %R fs22 i, 2018, 39(9):
1985
ZHANG Wu, JI Yanyan, PENG Han, et al. High efficiency synthe-
sis of FeY type zeolite and its heterogeneous Fenton catalytic degra-

dation[ J ]. Chemical Journal of Chinese Universities, 2018, 39

(9): 1985

[13] 3k, 5147, ZARSE At K Ab BEHe R 5 B[ )] AL 2= e,
2017,29( 9) . 981
LU Lai, HU Chun. Heterogeneous Fenton catalytic water treatment
technology and mechanism [ J]. Progress in Chemistry, 2017, 29
(9): 981

(14105 s, SUE i, %8 R TT, 55 AR AHZE Fenton ¥ K i 5 28 1L
TBOKIRRE AL [ T]. AL 2= 4, 2014, 65(4) : 1487
JIANG Shengtao, ZHU Jianzhong, GUAN Yujiang, et al. Perform-
ance of heterogeneous Fenton-like system for degradation of nitroben-
zene—containing wastewater [ J ]. CIESC Journal, 2014, 65(4):
1487

[15] LIN Zhirong, ZHAO Ling, DONG Yuanhu, et al. Degradation of
PCB28 by goethite—catalyzed hydrogen peroxide[ J]. Acta Scientiae
Circumstantiae, 2011, 31(11) ;2403

[16]LIOU M J, LU M C. Catalytic degradation of explosives with go-
ethiteand hydrogen peroxide [ J]. Journal of Hazardous Materials,
2008,151(2/3) . 540

(1714, SKEHTE , MITR 25, 4%, Cu-Al 05 F i 4L 3Tl 1k 2 Bk
AKHPAHLIG R T] FRBER,2017,38(3) 11054
XU Dan, ZHANG Lili, LIU Lifen, et al. Fenton-like catalytic re-
moval of organic pollutants in water by framework Cu in Cu-Al, O,
[J] . Environmental Science,2017,38(3) :1054

(18R, 70, AR, 45, BIrHURH 2R ALk Fenton WALIR
EXTEBER AL B[ )] (LT HERE, 2018, 37(11) : 4476
TANG Jiawei, NING Ke, LEI Weixiang, et al. Treatment of acrylic
fiber wastewater by Fenton fluidized bed oxidation process with sus-
pended filler coated iron oxide[ J]. Chemical Industry and Engineer-
ing Progress, 2018, 37(11) . 4476

[19]FARD A K, RHADFI T, MCKAY G, et al. Enhancing oil removal
from water using ferric oxide nanoparticles doped carbon nanotubes
adsorbents[ J]. Chemical Engineering Journal, 2016, 293.90

[20] 7374 , TN, RIS , 55 A S dB 2% o3 0 0 a8 S AL 2 It
TRAGRREAR R Wy 5 i AL 3R B 5T [ 7). B AL 22 22 4, 2015, 35
(11): 3529
FANG J S,YU G R,CHEN X C,et al. The influence factors onthe
Fenton catalytic degradation of phenol using iron —loadedgraphene
modified molecular sieve catalyst[ J]. Acta Scientiae Circumstanti-
ae,2015,35(11) : 3529

[21]WAN Z,XU L, WANG J. Treatment of spent radioactive anionic ex-
change resins using Fenton—like oxidation process[ J]. Chemical En-
gineering Journal ,2016,284.733

[22]BF, IR, it kR Fenton EALFIIBTSEBEIRLI]. 1
THERE, 2018, 37(9) : 3401
LIAO Feng, LONG Mingce. Recent progress on the clay supported
Fenton-like catalyst [ J]. Chemical Industry and Engineering Pro-
gress, 2018, 37(9) : 3401

[23] TONG Z, ZHENG P, BAI B, et al. Adsorption performance of
methyl violet via a-Fe203 @ porous hollow carbonaceous micro-
spheres and its effective regeneration through a Fenton-like reaction
[J]. Catalysts, 2016, 6(4) :58

[24] F4, ZMube  TKTE 5. 1 1-Fe, 05 A HH Fenton fEALT R
BESRS FHI B YeRlBK [T]. (LT HERE, 2017, 36(8) : 3116
WANG Xuan, LI Huanhuan, ZHANG Qian, et al. Research on o-
pal-Fe, 05 as a heterogeneous Fenton catalyst for degrading the Rho-
damine B dye wastewater[ J]. Chemical Industry and Engineering

Progress, 2017, 36(8) : 3116 (FHEEE 175 1)



