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b, fESEE . JESE REE S AR SR e, BRI & EMLHA Mo, Ce, Fe S5
1), WEEMELHAA Pt-Ru, Pt-Au ZHKR

T AR SR R A A A LI MR AE = 4k BN A P R E —Ti(RuO,) — 4R, T REARAR
C/N tb. REMELLTS K, FErhn 10 V i, 7RIS 30% Rk . CI'5 NH, (BE/REL R 4:1) 24
T, NH,“N. TN I TP fJEBR3 5K 96.8% . 93.4% 1 98.1% ., BELZELIY Ky T Mn-Sn-Ce/GAC kL
B =i IR R, FEBRRANAYUEE 50 mmol- L', BABHAAEIRE 2 cm, HLUE 1.3 A, BURLALIR i N
17.3 g. HLAEEFEIA 10 min B, KA 4-8 LBRFER T 96.11%. ARKED RHREESI&S T
Ni #8244 Sb-SnO, MALMEIRFH M, #H— DRGNS icms e kB 1, 7€ pH o 8. NaCl iREEH
0.02 mol-L™", HLRZ N 15 mA-om™, PR H AR 15 g B, Hf# 15 min JERERERE ] 52 285
Bk, HUf# 3 h, TOC EBRFAHNT 80.8%, L _HEriblmit 17.6%. M RpIFEa Rl A, —4erfifitfb Al
HARLER 1 gl B AR, TERMEE K A B A 7
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PSRRI R AR, DO REIR Tl b ER A MERR S A D LA BRI AR S
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HWE 267.9 mg L, AASEWKEN 29.6 mg' L',
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W, TE 65 °C AKIEHH AR EERIL S he Bl , RANRBUBLEE M40 DS B T e AL, XN
Hic UG £ TR AN 2 TR Y AR BTSRRI S SR VE T pH N 12~13, FFAE 65 °C KRR IEIL 24 ho [ 5E
UG, EE T KSR IE IS EA P EaR, T 102 °C T ZIEE, R5EA WSS FERCERE T
3 h HREATE B AL
1.3 SEERERGE

YL ARALSCIAE 1 L N A EERT (B 1), IR SS—6030KDS, HLEHLREEHIY 24 V. SR
A SR EHUARACA SR, IR AR AR R AR, B R
PEH A 9.5 em, T2 HEAROHR (A1 3E 70 BT L4 T etk i
TEPESAR U, AR SR R 309% . it

I 600 mL /K AEE T RN KA, FTHFH
U8, RSB A 60 min, & BFHUFE (5~10 min),
FE R IR IE RN E . e T RIS,
L HPE AR TR . R S 45 R HEAS TR K =
J5, TEMECE ISR B A Tk ik Ay
FIFIRL LA R BRF R A PLHEK , NN ¥
FE AR TSI LA T A B e Bl ZHmgUErEER
P£. pH RH PHS-25 BUFREETHIE, COD kML Fig. 1 Device diagram of the electro-catalytic oxidation
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2 R () SB-3C M, FBE T BT R IS Pk LT PFS-215 Ml , A AUR oMt
FETE T6 Bt 2elize , oKk rh IR BER SO AR €AY (Agilent 8090 %Y, E[E Agilent 23 H]) MIiE
14 FRIEFE

KLy s R S LB AT (ASAP 2 460 A, 3E[E Micromeritics 23 H)) 20 EAL R FLBREY
¥ RAESHEF BA% (transmission electron microscope, TEM)(JEM-2100F %, HANH Fk404t) X
FIF T R RIE S TIES s SR X S FREIEX (Scientific K-Alpha %, 3¢[E Thermo 24 H]) 43174
AT R AR
2 #HER5R
2.1 EUTIRESER

P 2 SERER LG BT AR S
TEM &, HilE 2 WA, Zffoieei EE s B Fe,0, (110)553
FURLIERIEIESR, TG ARSOEMOEE, Dz 5 I 0205wt o
f% 2 BCEIBE Y 0.295, 0.298. 0.486 nm, 435l FeO N
B Fe,0y (110). Mn,O, (220). Mn,O, (111) # oo 9456
Wio H72 1 AT, RO M A L M0, (111) 6 i
AR AR T (1 635.6 m> g™ FHE 861 m>g™), Bs oRe 7
Hrp LRI (679 m*>g ") ( EbE.

BRAR AL IS PE BARAL RN 1Y) X SFERATT S e
(x-rays diffraction, XRD) FAE 25 R W& 3 s . B2 AT @E TEM E
AL, AE 259, 44°'EHI%E/‘31{TEUL[I‘%§}%UX¢@%F?E Fig. 2 TEM images of the catalyst sample
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Table 1 Physical parameters of activated carbon adsorbents

T BETHER A/ (m? g ") MFLHLERER /(m?g ") AMER /(m?g ') AR /% 5L mm BFLEA /(cm*g™)

AR TS PR R 861.16 679.45 181.71 21.1 2.196 0.473
MR 635.61 564.58 71.03 1.2 2.298 0.365
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Fig. 3 XRD patterns of the catalyst sample

El4 EGIERAIRME R
Fig.4 Adsorption isotherm of the catalyst sample
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AL FIRE S LRI B M S R XPS RAFLE LA SR, 45REM, Cls iR 283.2 eV Al
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RIAFEEA . RABIATAR E I ZIE A, e s R N RS2 . A S e B 4 LA
=, UL JE A AR Az 0, I B S 2 ORI B T — RS0 SA AR bl =4, fifi
PR AR A T TR o 5 A SR L, IR BRFAEURN 42 (o A R AR [ S i R mT o SR S AT G
PE, AT A R

-OH, C-0-C iR
WHES e \ \ ESWW

e -OH, C-0-C

B gy
T ey, _
wmrse Cc=0 g 4“‘
202 290 288 286 284 282 280 538 536 534 532 530 528 526 660 655 650 645 640 635
st figleV it fik/eV it fig/eV
(a) fEAERICIsiEE (b) ffLFIO1sIE A (c) fEfkRIMn2pi A

5 fEWTITTER XPS iEE
Fig. 5 XPS spectra of the catalyst elements
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Fig. 6 Catalyst effect on electrocatalytic oxidation performance
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60 min HLAEALAAALIS ZIE ZBRRIRF 96%; T —ARTHESERE S 650 °C W5 | A MO TR, HEN
AR L T RIS, SRR A R sl LSS 28 TG sk b, T R,

FEALFIENEX T HLAEASCR BUSER AN 6(c) IR, BEEBOMERIGIN, FBREAM ZERECR A
Bn, HAEAR R BN ERAS) 300 mg L' I, EERBCROHM, RS AR RN SRR TR
o RPN A AR, i 2P i o2 h B i e 8, S8 B, Wi,
AFERINEE R 300 mg- L',

2) T2ZHO A E SR . B AR AN . BRI BRI, AR B T 2800
HL AL SRR . 1 eI E A [RB AT HL I (0~
50 V) R IE] R 60 min A, HLAEAL AL
fe P O SIS BRSO, S5 RNIE 7 fi
o AL, BEGHEMIER, HUKECNERHkEE
B, HEBRRZEEHE . S5l 24 VI,
B EBRFIRE] 95.1%, MlE4ket K, £
FRAFRIREEA K . G20, HERHBEAFI T2

YRR, X ATEHRRAR IR R IE AT,
BRI, AR IE BB sR IR, AR TIE
WM, MRS TARIAMAES . (ARSI E3F L | | |
TR O BRI R, S Tk AT 12 24 36 48
A AW R A HL AT R, i L BRI
T HLUPEEIRERE. P, 256 RERECR AATRER B7 ARETRETCRARFRLRER
Hbr, AR 24 V B RN EE, I Fig. 7 Effect of operating voltage on the variation of
i, BN 1AL removal rate
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ZERFRIIR pH T HELAESEBRRRCR , 2 o5 |
LBRFAAEL A 8 Fn. AT, B pH M
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T-OH By A2, PR AT ORI & 280 S 25 B 70 b
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SRR AT, B el T S 4 Fig. 8 Effect of pH on the removal rate of acetonitrile
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Fig. 9 Repetitive stability of electrocatalytic oxidation for
acetonitrile removal
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ppt, COD Jy 34 100 mg L', FRU PR 2679 mg L', AR REWRIE N 29.6 mg L', R T HfbF
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Fig. 10 Effect of different methods on the removal rates of COD, pH, F~, NH," from the chemical wastewater
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e, ROVNIDTFIAEETRY COD S R, 2 COD 42T 12 000 mg L', MZESATJ, sk a b
FE T A LRI S L A, BB F A X Tz T K kst sl HL A BB APER

R T ERERE AT AL T A A E AR BRI, 3Bl TR T pH, S Tk
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ANV X K H s I RBRACR AN 10(c) . SREM], TEfEfbd]. ik fuibsin 5%
PR, TR TR B B S NS ] ARG N S SRS T L B R A in (i ks, ibER ek S Ak iE
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AFEEA T A Z R K BRI R 10(d) Fn. Hrp, AEERIE S LRE 0L A i 2k
HIAG; A E i i, SRR EREE O RGN ek, SR e
GG, AR M, dfbef bt e, it OH b LA AR, M, mfbrE i,
BRTFAEIIWEES-fb, Fit, TR AL AR ST, Hit, SF80amR a5k
e EAETRIA B HAT I RFRE ST, PIREGRIRAR P AR A RS SIS, ATE T da P
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Treatment of organic wastewater with three-dimensional electro-catalytic
oxidation
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Abstract In this study, graphite as the anode, steel plate as the cathode, and Femanganese dioxide modified
activated carbon catalyst as the third electrode were used for three-dimensional (3D) electrocatalytic oxidation to
enhance the removal of high concentration organic wastewater. The Fe/Mn bmetallic activated carbon catalysts
were prepared by impregnation calcination, and their surface morphology and structure were characterized. The
effects of calcination temperature, catalyst composition, voltage, initial pH, aeration volume and reaction time
on the removal effect of acetonitrile were investigated by electrocatalytic oxidation. After the optimum
conditions were determined, the stability of treating organic wastewater by three-dimensional electrocatalytic
oxidation and the effect of treating actual organic wastewater were investigated. The results showed that when
the initial mole ratio Fe/M was 1:2, the calcination temperature was 550 °C, the best treatment effect by the 3D
electrochemical oxidation was achieved at the catalyst dosage of 300 mg-L™", voltage of 24V, the initial pH of 7,
the aeration volume of 4 L-min™" and 60 min reaction, then acetonitrile removal efficiency could be 96.1%. After
five recycling cycles, the removal efficiency of acetonitrile still maintained at 88.7%. And for actual wastewater,
it can also maintain an efficient removal performance with synchronously removing ammonia nitrogen.
Keywords  organic wastewater containing acetonitrile; 3D electrocatalytic oxidation; activated sludge
process; COD
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