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Abstract

This paper systematically explored the synergistic enhancement mechanism of the combined electro-
coagulation (EC) technology and the adsorption of conditioners, namely activated carbon (AC) or fly
ash, on the performance of pond sludge. Experiments showed that the synergy between EC and AC was
significantly superior to single technologies, with the average moisture content of sludge reduced
by 10.0%. By comparing the effects of different dosing sequences (positive sequence: EC first fol-
lowed by conditioner; reverse sequence: conditioner first followed by EC) and the dosage of condi-
tioners (activated carbon or fly ash) on sludge, it was found that the positive sequence conditioning
effect was superior, with the moisture content being 7.0% lower than that of the reverse sequence.
Due to its high specific surface area and favorable pore structure, AC exhibited better adsorption
performance than fly ash, further reducing the average moisture content by 3.0%. When the dosage
of AC was 15%, the moisture content of sludge treated in the positive sequence was the lowest, i.e.,
42.13%, while the corresponding moisture content of sludge treated with fly ash was 46.12%. In
such a situation, the filtrate turbidity of the sludge conditioned by activated carbon (0.40 mg/L) was
significantly lower than that of the sludge treated with fly ash (1.86 mg/L).
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2. SCIGERSY
2.1. RGPS

ARSI AR A R EIIETS YE « VYRR L B IK DL PE S - SR I I A (T AR CPAM) . {5 JRREAR
FLERAE B LT X B e . WM R AR M SR TRHS A TR A F 3R 4L KA CPAM Hi Bk H:
IMRBHL (BI3R0) A PR A =] 5 it o

SEIG BT AN 28 56 7 H G X TR (5 SH202-00, HI ERUCES A IR A T A7) G 7 b 2%
(B 79-1, HEMERMEGIE A R AR HE) 20 R PFES T-214, 2 REGEE REARA 7 H
i), LA S = 4EAF AT, RSN 40 cm x 30 cm.

2.2. SKIGRRE

15 Ve A5 KB MR R IR IR 28 F v N 5 B8R F TR ) e A SR A, LR R IR 73 T AR KRR
fiE, HagE B BARRME R =4 R IGHN E . 1%2 2 REZEFLIREE IR 715 240K & R AR 5L % .
AR ARSI ER, B BA MM ZETh e R e & m &7, (R oSOk S TR
EHERS R, BEA TN SR S SR, BCEZ Aok, HEEmERABOKSCE . SRR
HZ LS mLRE, ER MR et gt R ER A, MG IR GE 71, AT R BRiE Tk
K R HATS G, PRI IR &K ER . 0 T AR R e 88, RIS HAR R N, SR R bR
W B AR . BREEAR AR P 2E Fe?t:

Fe — Fe®* +2¢”
FeX TR it — LN Fe*:
2Fe’* +1/20, +2H" — 2Fe’* + H,0

Fel KRR I F 34 5 M) (I Fe(OH)s Fe, (OH)."), 383 FE4HXN B 2 il B fof FRIBR A ¥ IR A4
FasE . A4 Ha:
2H,0+2¢” — H, T +20H"
PR Hy R 5 S A TR, SR B, RN AR TS e SR T A B K SR . AR R
FEMEM], FERRTTYeRAE L H 5575 e SR M B B THENRAE B 2 B A8 17 T, kB 7 HLAR B 7 E A RL[10].
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G ISHIITRERF G E PRI . TE 7 e i UL S BO IR B T R S B A SR S W 2. KT,
PO 52 () 23T CAPM I, NN G HEHERGYII95], JEME RIS . S aRaYEs —HE
60 0, BEJEFIFH A =4eFEIeAmE 8, BRI T EME . JiEfE, UAHFRERREA LT,
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S IR Vs TR B S HO AT e, RS KR EIIEN 84.43%, FIFN 15.57%. &k
5, 200 mL FE TSR TR ELN 31.14 g [FRTHf CPAM #8240, 5mL & 540 0.1%/1 CPAM
B, 5 200 mL FE A5 YR 48 TP 0.016%,  BERISEEGH CPAM [ [E @ #onbe il . 782 A e sie
AN 0.016%1) CPAM B, HLZUEEE A HL ZURE &1 T V5 TR & /K 3P A 731N 58.46% 11 67.43%, H]
ARILHE R B ARG BRI BHER . 3£ 1 303 TR B B 5] B 2 AR R E 5 e 1 8K
RHE, LR R B S ROINE B R F GR R0 B S 2 IR, AN N R B
FIOTG HL 230 AL B 25 B ot HE, T I e BV Ve 2 7K e Bl R BRI H I 2 AR AR . 0P R SRR 2640 R, U5
Ve L JETE MR BERAEVE WA 2 NERE VPG AL B SR SR 2 4E R SCHE . O 7O B R R R A e A
IREFMEE R FEMPE R, 22 3 Z%s 1 AR L R BRI 30V, [SEINFA] 20 min) &, AN [F] 1 2E 57 ) S 56
Bll, HAPREMAT R RAER. SRR, SRR TIEMER A4

2.5. SCRGSrAT

2.5.1. SKRERIERTHT

M KREERE, 463 Kl 0 b 20k b 5] A 8 2 750 £ R SRR G s 37 o e R 2R a6 1
AR RS el A, R A SRR . MK RIS SE, TSR D S KR B EC T R
bR (RIACR FH f SR IR B D I 45 5 . AR IE, FrE 8 E A48 rT5YE, FRFS /KEAH
BT CPAM A 45 R (67.43%) IR T 10 NE 2 0h B XK, PrREAE T R H—4k
7 B A E R K RE, Rei T st B s e Sk 3 . o, S MR A A ST 1 LR AR
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Table 1. Variations in sludge water content under conditioning with different dosages of activated carbon or fly ash

1. FRIEMEFR MR ROIE TSRS KEREN

i . EIKE%
REMTRIHE i ) R K

EF KF B KF
& S 4791 50.62 55.06 56.79
i 48.25 - 51.14 -
& 0 45.02 48.16 50.34 50.74
i 46.02 - 48.15 -
& 42.13 49.43 46.12 59.6
i P 47.32 - 46.47 -
& 0 58.46
i 67.43

Table 2. Variations in turbidity of sludge supernatant after conditioning with different dosages of activated carbon or fly ash

2. NEHRMEFEM R SRR ESR LERHEEL

- MU /(mg/L)
T By, V ‘é ) E‘ iy v . W
R RCERI 5 BYAR
PIng/%
EfF =¥ EfP =¥
= 5 0.42 1.5 1.63 1.22
e 3.62 - 428 -
p3 0 0.40 0.44 1.95 0.78
5 2.02 - 6.26 -
= s 0.40 1.56 1.86 1.18
5 1.88 - 7.94 -
= 1.02
0
5 3.93

Table 3. Experimental data for electrocoagulation synergistic with other conditioning agents conditioning

3. BRENEIHEEEFEER S BIER

A BrIKE Y% VR JE/(mg/L)
SRR — IR 54.49 0.58
Y 51.94 0.54
Ra&FAE 49.23 0.44
RAEERE 55.08 0.60
CPAM 58.46 1.02
CPAM (B SCHERR) 62.48 1.12
CPAM (AR A4 AR) 65.31 1.45

WHTEARBL, 159 & KR K PR L 5 2 A B A I B DA G ot MR I A K,
B PP IS L 2R SO B IR B K SR B0 T S P A InGEBOim il 277 J5 i 258), HAE AL B A 1
BKFEEWACT Y, FRRIEEE 50 SR 3~7 N E AL B 1~15 M a2 . X IR AT
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T, HERENTGEDIR, BEAER Fe 54 S T e M 3UR M Ui 5 e 2 EY,
FBRR T AENFIBRAD, TR0 18 P R R FLBR IR 3 28 A . RIS, FR AR rp o™= AR 1A
RATFAE D BTE 4, A ARG BTG MR R AL B ffhT o XA TRAL 3 s PR R 13 T BE A IR FER
BE, TP A W B AR AR TS G B SR SR S S, DI A BB KRR . Hik, R
A U & R A A B R PR B . SR, 4N TR R SR AR ORI AR Ak . AR T R —
TP R A B AN AR RS B B ) S R, R B TAL B S PR TR RSE, BRI TR T, R T
R HALBUR B m I ah i, N5 SaiE P R (IR B R S8 S P AR PR A T B AR SR . 28 =, W BUEERIR
HREN G, REAVRANE B JBFERR) M E AR R O B AR T, 2380 T nT W Bs Jedmik
FE. [N, SRR IEE B Fl(In-OH. —COOH) 51 1k 7% K I iTE E L Bl (n iR dk . L. Myadt)im
ARG RS A, RIRIRTHR PSRRI . BeAh, TEMERIRN R BT R Z kb, mrRy kil gEnt
ZUARARIEZEILIR, Hm T e A B T 1 5 e 2B R (Y AR AR, PRIKRE

Db | R TR, A SR R AR R, IE PR, B VE PRI R IO 5%3] 15%),
V5V E KR R TR HIN 47.91%. 45.02%. 42.12%), W ZUEERERS I 35 3R THi % A
BOR, 7oy RIEHBOKIS . SR, TETC A RBERN, & /KRG R B & 23 5 T A N
48.25% [5Z 46.02%, TR 47.32%), U= AR TAE S FEUEERFIH R T, &R R
W GIEHEREML, BEEM BB ERBINON 5%2] 15%), 1508 & /KR FEE RS R REEE OGN
55.06%- 50.34%- 46.34%). TEJFAEEREAT T, T5 MR AR K I S K A T — 2, BRI
JelE 5T, HAERMEN 10% BIABIRARMECEER 48.16%, MK 50.74%). X—45R0 %W, Jefm
VR PR AT F SURE M AR BRI, e DASEEI 5 (R e EE P RIS, AR5 Ve /K s se e KAk

2.5.2. HEEIRAISHT

MNFE 2 MEEEERE, T RIEVERIE K, R REIE, 15l b EER AT R
WA E I EUE . ELIE PR S 0 B (S AR T AT R FEAE . FOAERIMLERAE T, Rk
AR, @ I E RS Ve B R R AR, DD T BT, B PR S KR S
DAVRER SN E A 5% 0], H R B RS M R A B S EREN 0.42 mg/L, T A AT F 2B AL FR I R B
3.62mg/L; KFIMHERES, FHN I 7358 1.63 mg/L 4.28 mg/L. B A7 i v sk slob Ak, A
F CPAM, HLZABACHE M N 1.02 mg/L, HEARZH 2B 3.93 mg/L FRAK T 2 5, 78 REL
L ZUBE AL S

AFAE FL BB AR BT, 9 P R BRI ok R PR OB IR B S5 25 o X DR At 1 LA B P B
Fo 5 2B W [R5 T8 K 5 P SR P R8s M v L SR T AR A AL - AL s,
FRALREW AL Ao L RBETALFE S5, JRAN -G 3 fdr™ AE B KM/ N G A WL (An TR B R 1 B0 5E B 4
AC TP, 45 ZEPEATFLRR . A 1P (S B BB AR B AN ST, TR I AE(0.42 mg/L. 0.40
mg/L. 0.40 mg/L)MIK T IEIE R I 1) 1.02 mg/L; Mk HE AR M A (1.63 mg/L. 1.95 mg/L. 1.88 mg/L)¥J
BT 1.02mg/Lo 32 FH M AR BORE R TR /N8 1k 2k, JCPR B BV IR 3R A 2 LA B S AT
MR, AWTINERANREE .. eoh, “HAAEIE. TR Eth e 2R A& AR, ik
o Bl ) R ZR R I s BRI T e, TR R A T e b B v T U

TS BER BRI AR A . TR B BT, E T R A KA B0 ek B S A e TR
BRINMNEN 5% 10%. 15%HF, M54 3.62mg/L. 2.02mg/L. 1.88 mg/L, 5TCRFEFIN A 3.93 mg/L
FHEC R SO G: Ry BN BT B E Ok EAl ey, i E 435 4.28 mg/L. 6.26 mg/L. 7.94mg/L, T 3.93

DOI: 10.12677/hjcet.2025.154019 210 e TREEHEA


https://doi.org/10.12677/hjcet.2025.154019

NG &

mg/L, RIFAMHI. 1XF R BERESGE S K R RERRR IR E, TR HEK B RE PR & K R AR TR b

2 EE SR B ) P SRR R IER R, R R BN RGN 2 A, X R AR DA (E
K BVP RS, BOniG TR 5 2R D IR R 1D R R A A AR 5, B T T R 4
b, SO PRAE FRRS R, BB DB TR A T, BT DA R N S O DG (ER TR R, T
Je T B (1.63 mg/Ly 1.95 mg/L. 1.88 mg/L), JEIK AT LUEREAI R : RIS B, B/ &R EKE,
IR Sty — SRR AR R, HLILOR LU R T ARAR G BN, WP AE I IR, ASREAT RO P L2
G CREMBIZY), KM 7 BRI, SRR ET R BRI,
KB F I RE L  A (CUn5A  REE ) B AR AR R AR R, — o RRRE AR T BB AR —
BRERMPUE , AR BRI, WERRK.

SR 5 ok B B e o TR B AR A5 i B AR AN 380 A e PR AR T T o I U0 B S0 8 VA B 7 T B kAT L
e, SURSTUMEION, SRR A AT N R . IR BRI T

SRR AN R BRI, HR T 5 10 FLBR S5 A4 BE A R0 B e A 1R A BRI AR AR R o E R
S BRI RE R, I R 8 T e R R B PR S R — D A L DR, A B
R, SRR, VEMERIRMHER SRS, B 5 i 2 BRI RN, BT DA b A 0 1 0
AR . BB TG MR BN ERWI N, AR R iR SR E&id 2 . — 51, o &I M R B0k 2 1R AH
HAH, S BRI RIEWRER, E2akEERPEEFNEN: 5H— 7, SRS
SR A RRREE R A AR, BEAS 2 IEE K KRR, SEOIHH BIFYRARE A 2
bk, HEFFRMN, MmEMET . Kk, ERFN, EHRBINEAAE— AN R, T M
BEA%, m oI

ORI BN BAR, B BUER R, ATS BRI AR . SRS, 7R S Sk F BT
Fer, MIIER R T IX g S R M R DTRE, B G, SN E — e R, BBk
%, — 5Bk A R, AECUE A R R B, SR R R £ s ]
PEATHL B AR 2R — P RERK K, H A SR L EgA 8k, SEETAS. BroE
FIFAEOLT, AAE— RIS, S BA R AR, B A b B B A4 &

2.5.3. &5t

MFE 1 RIS 3 BdE TR, EABFIAFHERILE S, HRSKEW BRI —EER. SRK
IR A BB A L, SR VE R AL ERS (075 V8 S /K R RRIR K. JRTM, B TIE RN AR B3 = Tk
JREIR S FAB R, 7E LR BB TR R AT . S T HAR BRI AR S & TR K, BLR
DAFEINE A 10% 35 PR R ARy R BE A 5], 0 48 50 B R AT A B

T, VSURIREENL K B3 PR TIsf AR . 5l SRR SRS TR i E R B, SRR, 2
TSV RN, 185 AR TRBE & K3 T B R 2 PR S DL 1 Mg e AR e, A (K 58.46%)
XN BRI R SR B2 N 2.407 W, JEPER ZH (A K E 45.02%) K 1.819 Wi, RN R 2.014 Wi, #545F
W58 (1 I2 5 3% B D 800 T, ZeMSE, A FH VG M R AR AR b3 J , BRI V5 8 T 43 BT AR I8 2% 470.4
TG~ 3144 70, MAMACHUR % .

B RS T ARAIE 7. BOKERTRH IR E T REFE, BIRERE, SRR
ALY (7K 7 ZE R ReFE . B 800 Ju/MEMETT YR, BAEHEAS f7 60% (480 Ju/mli), LLVE MR
AEPR 557K ZR 45.02% 4901, KRR 1%0T 80 3%MENHFE. RIbi% 13.44%M Gk %R, g
RISV AT A BRELRA 193.5 J0(480 x 3% x 13.44), ACFRSARMET-V5R XM 1.819 MIVRI5 e, SREIATE
29 351.9 J6(193.5 x 1.819), MM REYT4 235.5 J6. Bk )G PR UHAE fa A an S 2 B A0 F (il % ),
AT CAYsk G 0 T2 AR . e T2 BSR G KA T 50%, IR AR e v ol BB T4 77, T xt
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BRI TIESA . W2 T, BRI GRS K 50.34%, H& B4R, Z=/0E 0.34%
MKy, $ZIR— 2R 3 AT/KIERE, 1 MiFy5IR R 4.56 BEHE(E: [1/(1 - 50.34%) — 1/50%]*1000/3
=4.56), MXEMERICHANS . 2 H T HEE 5, W R BRRAL B 2% . 5 e % 2y 1.2 i
ISETT A R AL A TS YR EEAR RN 2.006 SR AR 1.516 LK BMIRBE A
1.655 3277 K. $& 300 JC/SL T KR oF B, SEAHE R AR E AR BRI 15 Y2 il 548 9 FH 23 70 s 147.0 Tt
105.3 JGo K, V5URIRIERLKTE f5 2R3 T2 R I 5535 () AL 77 -

R E : WAV et T, BRI /K ZR B Rk K 4 28R RERE . LA 800 Jo/Mi R 5 e
BERERA N, HoAF BB A 5 E 60% (B 480 Jo/M) . LLIE T 3R AL ER IS 45.02% 08 K R B &, 0%
I 1% 5 KF A 3%ABHNEFE. 35T 13.44% 1) & /K P8R, RRIET5 e vl 15 B BARHEAR 193.5 J6(480
x 3% x 13.44), % & | AL H 5 B0 Ty5 e 5T B 1.819 MEYRI5YE, SREHRAS T4 21 351.9 J6(193.5 x 1.819);
AR AL B S BT5Ue,  BRBHCAR T4 2978 235.5 Jt.

PRI ETGTedilie SRR T, OKBCR B LA . filfie T Z 2R RS K3
KT 50%, ZIEMERAEFPRUE ] BN, TROOMERRE: ML, RS 1) e bt
FKEN 50.34%, FiETERAEE LR E D 0.34% 17K . R ERAAR 3 AT, AEE 1 TS
Ve TR AL 4.56 JEH, LU RART IR AL BT 2 .

WAL V5 &K B FRACE R D AR, dEm BRI B A . ARSI 1.2 W/S7 77 K 0% B
T, ZiEMERAEL S, RS e F SRR 2 41 2.006 SE KRS 1.516 5K M E K a3
JEPEA 1.655 ST K. #4% 300 To/SLJ7 K RIEIE 2 FOARIE, 375 1tk R ROR R AR A B s el =5 e T 3 0l 15 44
147.0 JG. 1053 JG, MAMBZERRE.

FE7 RGBT AN B A T, BRATTH R A M A ON:

M =F #10%+F, — F, — F,.
X, SFFTENMNE 4 Fx. BTk b, 1RSI, WEAHE . 1SR 800
TG, 1 WOHHEIK T 80 76, HLZURERIARA ™ | WiHy5e b 0.7 B, JTEVER « BRI 1 i AR T3 A 5K
SRR
Mgy = F, %10%+ F, — F, — F, =800%10%+0.35-470.4 - F, = (-389.7— F, )(J¢/Mi 578
My = F, %10%+ F, — Fy — F, =80%10%+0.35-314.4— F, =(-305.7— F, ) (JC/Mi T35

AN IR JE 1AL B Ty A L R AR AT AR ZE S, BB AR 4 P : RAPMEBURERMRATE). W&
W TR, AR A AR E DTN, IS TER BT R RS SR TR . X BRI R AT 5K
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Table 4. Net cost analysis for electrocoagulation combined with activated carbon or fly ash conditioning
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