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PR B VR T R A A IR, 7 AR R RO B R BB I, COD. BOD K ] A
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Table 1 Physicochemical parameters of municipal sludge and leachate

PER IR} pH FIKE % COD/(mg'L™) HA/(mgL™) C/N
LURIRERIA 6.39+0.03 95.75+0.11 35725170 29543 29.2242.32
Flax1508 5.94+0.01 98.48+0.25 13 792488 42+1 7.20+1.11
HMis e 6.03+0.01 96.01+0.12 27 213+101 227412 —
BRI 4.55+0.02 — 78 916+332 1 125425 12.26+1.10

12 LWHRRMNBES

D) IR 2G4 . R IR (EBS). HE MR AP (K,Cr,0,). FilRiR (Ag,S0,). E AL (NaOH),
PUIRILER (CHO,). R4 (NH,)Mo,0,,-4H,0) . A FRE 4N (NaKC,H,0,-4H,0). MifkK (Hel,). fl
L4P (KD, i AR A1 (K,S,0q). LR E (CH,COONH,), 4B3E % Mk (1,10-phenanthroline), fIt FH 24 i 13
R pral s FEMPMA (100 H). WEER (98%). IKEEER (98%).

2) X %8 % 4% . M 3% {X (GC-2010PLUSAF 230V, Shimadzu Corporation). < AH {4 % (& 7.
979011, 7 VT 37 /3 Hr A #8 A PR A F)) . 8+ 8 3% { (ICS5000+, P& BL &t /R B A R A A,
COD PR I i (6B-12 Y, VLI BAE M RBI A BRA | . AT W3 6Ot R (T Bt , db
U AL g A PR B AT AN ). IR (XHSL-16, H N 25 AN 2 1% £ A BR A 7). IR E IR AR
(HWS 8, TUHILREAART ).
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4 o DR T e A V5 KA B s AT A O DA S A e b AR Be TS IRV A e A LSRR L, i
PRAEE LR YK . #000i5 U 5 R A 15 RAREL L Ry 4: 1000075 8 272 mL, Bl 4%i5 0 68 mL), &
UETR AN IR 15%(60 mL), 4ZA0i5 3R S0 mL, 3L 450 mL. %K FIEY C/N R 22,93, fE4g I LR
AIEAHUEY TR C/N. 5 SR S2 5 7 G e B RS 4 BE Atk I8 IR [R) R B8 00 2 M A e A T
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KT 2 BN [V B T AN X T Ve RN B e T8 i TR B[] DR AR Ak A 7 B e R R B B ) R
BT 2 MR A TH AL . — 27 6 A MR i A — & B L ALY E . B sdomo. 1. 4.
10, 25, 40 gL' WEME, 7 1 min AR LA)G, HHEHK (0 F6R R S 50) 26 & IR SR,
THACET RIS 35 d; R e AR [R] A IR 4 S ath L 180 HE Jo o1 90 ol 909 R R R i, ¥k B2 25 %) 50 mmol L7,
DL 7= e B B, s PR ST AR R PR RR B B, PR N 6 AR R e BE B M ek, W RE R R
PEAT DR AL, M At R AT 15 d i IRAbad A . 2 HLACERE AT AR AR, #4°R FH 500 mL Il
M, RN EE T ERA T, W AR i 35 °C, BT SE R 3 4P AT SRR
14 SHAEE

156 VSS DL K /KRR E kU e 5 A2 iR (COD) SR FH P B3 M 40 D' 6 B i U™ i)
E 5 2 AGE 1 g RN A3 0O BE U g 5 RUKREL ) (CH,. CO,) SR FIAR A7 979011 “UAH €8, 3% i
W ¥ K VERR Wi B2 (volatile fatty acids, VFAs) >R HI“UAH 5.1 (Agilent GC-2010PLUSAF 230V) ll 5 .
W52 TS A0V L5 WA B TR B, I AL R 4 000 rmin”' #5538 T 5.0 10 min 5, M2 mL FIEWHELT
WA o B R AR 3 1CS-5000+55 F (il 5 5 1F B R 5k 0 3k 41 R e 40 6 e BE VA PO s 5 Pk B8 il
1 ABE B ko o B VA P I

TR AR I Ak v P S ] — W 8l 1% Scholl Canyon BEAIRLA 153, $HE IR (1) B,

Q = RLjke™ (1)
K QPR HER, mLd'; RARMAEMIETE, mL; k=K Ea0REE, 4 L WE™
A, mL-g (UL VSSit); ¢ ATEARETE], do
2 #ER5iTE
2.1 FNHHEREECER AT

IR EIE AR = A R BRI TR, B T e HA AR . O WA
INGFAENY, INZHER L TR EMES LA L8R, b, (28k 2R 7= Az L K4 il 7 IR 1 7= A A
RHARERLE L.

FEWS N EBS M 5, 7= et FE Az BT B B A 0l . T AR AT IR A SR B R R T R L
(TVFAs) ¥l IR0 869.52 mg-L™'c W& 1 iron, #IMEMRIE, KA RE TVFAs B B #5221
Tho FEH 10 K, 10 gL' 41 TVFAs 35 85 KAl 582230 mg-L™!, 42717 569.60%, 45#4H1EH 10 K
TVFAs ¥ 2218 . 4 5080 20 TVFAs Y R TR E Mk iy xT B4, mr b, FHr gk i s 1
TVFAs 89774, K 1(a) i . &SRS | Kig, M. N KRIRIETH, ML IRA, Wik
BT T 270.9%; fEmmEMBEME 40g L' F, 1 KRNI HEIA 1539.81 mg- L', Ak
XTRERZAER T T 425.51%. BlA&E WHAGES RIB3E 0, TR . ICRRVE BE RF 2238 . £ FR/TVFAs Rfi i [i] &2
LT, B 1) TR FESS 15 REF, 10 gL' 4 2 /TVFAs LSS | RIGIR K, 4 31.6%;
MEMMRBME KT 25 ¢ LI, ZFR/TVFAs fe KIEIRA I, AN 1.74% . 33X Ut A & A0 2380
WIEFRYI (<5 d) XM MR R . NINFRE REERE, XA NIMNE 15 KIFE TR,
LB TR AE S 5 ORI R o 3 U B R M 4k B A A4 0 il T R 4L T T B o i e Ak . TRIB, TR/
TVFAs 2 HUEHIN G AR R, 55 1 KM, 55 KP 10 gL AR RERER RS, >
41.65%, ZiFR W E 1(b). dBAP WAL, FMERA IS #E— PR N RN C Rt 2,
IS PR 43 1 35 A T F FHRERRAIR, TE 2 a0, NIisi b TR R .

MY b, TEIRARGEH, Q8 FRA H R ME A" ORI F R E<, T
77 PP T o S S N D R TR R P R T 1Y) 10~100 43512, B Wk B 3 4 A0S BE 0 T3 . TR 4
WAL g b, 7 G AE EBS RS HEMGIRIER T, SRR FE A ZRERH, Iz gk



55 7 1 TEERAE . TSRS S RIS Re ) B IR W R PR AL 1927

6 000 6000
5500 | 5500 -
5000 5000
4500 4500
T 4000t T, 4000
o 3500 + o 3500 |
£ 3000 E 3000
£ 2500 % £ 2500 F
; 2000 42.81% g 2000 F 31,309
1500 ) o 01 1500
1000 02.42% 1000 | 47.03% 25.36% 22.99%
500 + 25.47% 0% 500 7 o [pasia
g | RO02% T 2| i7.25% 0 17.00% 1467 22567 18.36%
0
0 1 4 10 25 40 0 1 4 10 25 40
ZVIEE/(g - L) ZVIFNfE (g - L)
(a) %5 1K VFAsIK ek (b) 55K VFAsIHZR L,
6 000 6000
5500 5500 -
5000 5000
4500 4500
T 4000 I, 4000 F
<3500 % - 3500 |
on 29.67%] on
E 3000 é O-30% E 30001 32577 550
A d 5 28.63%
é 2500 [ 4 s 29.28% < 2500
> 2000 > 2000 [ 25,6201
1500 2os 43350 1500 1 32.87%
1000 [ 1.69%) 44.50% 1000 [ 3719 [318%|  |43.89%
29.65%) L .
500 110%|  [11.06%) 500 P I e
0
0 0 1 4 10 25 40 0 1 4 10 25 40
ZVIFNE/ (g - L) ZVIFNE/ (g - L)
(c) H 10K VFAsH)ZE L (d) FE15KVFAsyAE L

4k MANR =S5 TR eiETkR DR mmiEiR
TE B I 8O SRR BRI i 5 VEASHY LLf .

1 EBS %I VFAs SRE R
Fig. 1 Changes of VFAs concentration under EBS inhibition

M AT A, NPt 2R A, UL (2) MEt (3). SIRIWONGRUNGSON %524 75 i il F e 1k 4%
PR IRE R T R, AMARS Co, HERMNAMOIR, BRT -HLdfE, NMERT
M ie, RO LK (3). mAh, A/NEAEMIRR KRB, Y VFAs BUE, B ML 9 K A TR £k
BF, EHE MBI BE M i W R T R Fe?', JRRBINEi e T1& 3, MMifEdE VFAs [a] B Ge % 1k .
Fe +2H,0 < Fe(OH), +H, 2)
2CO, +4H, & CH;COOH +2H,0 3)

22 FEMHMhEIREE KRR N
e 7 e 2 AN IR SIS AR RSB ITROCR 485 . & 2(2) Pin, B Hliw ok E®, ™R
WA, A ZnT 10 d P EEARL, FMERERAWE; BE5, AR 10 REHE BB A, X
N [l 2(b) o H P ARCEURTESS 10 KR IS 1 m b, MR R e IR & 25 5 h ) B i 1 40
Gy . BEEFEMN YA E R A E R AT B, EE 2000, 40 gL BN A RSB BUEAE
W, 15d 5, M (25, 40g L) H K& T o, X Bt HEtE i nE TreE. $£2m
TWHW AR RN RETIE, FEISRO AL, W =R, £- 2@, 1. 4, 10gL”
HREIT B AESS 25 KRB BLER 2 000, AR, X5 R 2(b) H AR H AR 2 4
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Fig. 2 Cumulative methane yield and daily methane production rate
PIR fi etk , Akmisg inip e =it . TMEBOnE N 4 gL i, BT b iR, 6% 189.65 mL-g !

(LSS it), FHHXTIRASETE T 30.1%. Z Bk 02 30T 15 U8 s 3% 5858 )5 B 00R 7 J Jot ) P b
PR, R EE 2 MO, W R AL S I RY AT, JF B — LA LY, S

b 7
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Fig. 3 Change of gas production rate with the addition of
4 g-L™" zero valent iron

R2 ERERRBPSER
Table 2 Results of gas rate model fitting

Tk, Kd! Ly/(mL-g™) ¢ R
0,=2.021 2.0240.17 — 0 0.93
0,=1823.58¢ "% 0.44+0.07 307.00+0.01 — 0.93

0,=2.44t-42.83 2.44+0.18 — —42.82+3.98 0.97

0,7934.84¢ "% 0.38£0.05 182.23%5.06 — 0.95
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56.65%. 49.37%. 54.05%. 47.16% . 41.17% . 26.08%. FA ML FEIETHAE TIRE RS P 1) —sH
B30 BeAh, FH R E I8 T REAR S5 Y5 U Y — B X R i A LA 0

5 B TE ) (VSS) Bk b i3 H SR PR T YR R A TH AR AR . WA 4b) Fron, TH1E35d
JG, 454 VSS W S B K IEREAR, MR LR 30.1 g L7 4 BEARE] T 11.27, 10.01, 9.71, 9.65,
9.29. 8.99 gL', MM RIET] 70.18%, 525 X HEAH LT 7.56% . iX 57 7 87 7R BRI 4 JE
X ) 3 s eI AL I, R B VSS B i 5 2 Bl A S VA B 2 B L TSR S SR R Y S I 4 SR AT T
A, A, TN PTG AT, (2 H, R AR, fEdE T Co, M H, By B FF 7 H b AR A
AL 2 it 72, {1145 VSS W] CO, #1 CH, Jr %4k, ELHE I CH, /= &t, 4 T VSS FEff R,
ARV, B s M VSS MR REM S Z —5 . LIUFEPELR P WL, SMEmA
H, 244 Wi CO, it )5l CH,, CH, 3G RCRW R, B85 T 10% 1) VSS FEff 3

ERE AR, FARMEYWERZENEIE, v LIS i Sk 0 2 whae i )f 4 & pH, 2
o B S B B B iE T, SEUHMLR G R R, THALAT, WAL R R AR E A 490 mg L
i, IRATHA 35S dJE, A0 20 0 BE XY A I ot v, (EL % S 360 20 2 R0 VAR B8 3 g AR o) iR 4
(WF 3). XIEFEN, FEFAFMAT, SEYRESAYEN T EAEEE N EA, AR E T &P,
T, 0k AE s S R AR R B, (EAS [ 48 o o % 2 SRR A1 B2 ) 25 5 R K . KIELDSEN 4P
KW IRAE T P R, R IR A BEAL, e, AW B W — R s 4
Y, SBERTREZBOMNEHEAEILG DML, REERKIZER, FRERCENRE,
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[ CoD ] VsS
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Fig. 4 Changes of COD and VSS after anaerobic co-digestion

*3 MEREHLEHEHULRERANMESFIRE
Table 3 Concentrations of ammonia nitrogen and ions in supernatant of digestive juice
after anaerobic co-digestion

T ERBR/ (g L) ZA/(mgL)  so2/mgL') PO /(mglL') Fe/(mgL")
0 727.0421.3 49,063 0 3.59+0.12 9.16£0.23
1 698.9+18.7 29.404 8 2.06+0.34 14.85+0.45
4 624.0423.1 17.259 0 2.01£0.21 23.05+1.29
10 674.5£16.6 22.8312 0.75+0.03 40.42+2.46
25 662.147.1 16.297 8 0.03+0.00 79.4146.13

40 652.1£13.1 16.259 1 0.88+0.02 75.99+3.11
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24 BFRETUNREEURGEHZN
D) A E AR A . THARHT, THARSE RSO I B 523.93 mg L' THALSE . WAL G
WSO e B R MR AL, FEE MM 3G i, SO M HrE: F I (W35 3). EMr ekl ing] 25 ¢ L
BF, SO FRERCR AR . FefE i FHLA, RoifR+h i€ 7 H (SRB) iYL fyid A2 il 7, /b
T SRB 57 H L E (MPB) X LAY A MR FN A A 5a 4, MM iIn MPB A%kt , R H s =0,
A, SRB 7 Bt 4 i = A 1 H,S AR S 3HHi MPB (351, 53504 R 0T 1L R SRR R B,
MEMGNIMA, A Fiksor# bl S*=, S*~ 5 Fe ULiE Wi N FeS, Wl #t T S* X} = £ FR 1 Ml
MPB HYMHI G, K W (4) FISX (5). Fe 5 H,S BRI W22 Xt MPB #4933 4l £ B, 78
FWMPHE T 4 gL' B, SO EBRFRIAE] 96.7%, LS FAXTIRAL, T T 6.1%. XULHEM KL
BomAa M TR E FRERR., 4L HSOIWE + T 25 gL M40 g L7 s 4. Xl
Bl 4 g L7 RECHATEFOINGE . LIU 5509 @7 9 80# I A BRI Ep e T DL L2528 .
8H* +4Fe + SO?” & S* +4Fe* +4H,0 (4)
Fe™* +S* & FeS )
2) IEBERER 284k . IHALRT, & AL I B PO Mk BE 29 21.07 mg' L', W3 3 s,
fbJ5 , POV BE Bl A F M AR BOM B B M B, £ 4 gL' B, POy RBRFIEF] 90.6%, Iz H
XTRRAL, $2TFT 7.7%. AR kKB, BiRRERreis e R AL #vh, Jeremn 3 d PR B, &
JE R TGS, EmEEZMRT, EMRBEE AT R, THEREKPEMm™ AR
Fe®'/Fe® (R F AR T F 2R Fe™) ULTE 7T Bk (X (6)). [FIET, Fe(OH), 58 W2 #E g = A= S DT IE/E T,
BIn] R R mE R SR AV B . AN, B ERA B A PO BIAE AT, HL IR R R = AR
JIT LAPO, 2 32 B w AR AR M i R Y
Fe’* +PO}™ & Fe;(PO,), (6)
3) AR F A o AU A K T b 20 A T B JC R, Fe ¥4 BBl A 40 200 Jd 1 2282 ol 49 %1,
THALHT, WAL F W 2 130 mg- L' JHALJG, W38 3 Fion, WAL Fe? bl 2 i k4% o
B, AEACF IR A TE ALY Fe® MR B o 3K U BRI R S I B on R E R ORI . A F
PR, FE ZMAAAE TSR, X5 F'5P0) . ST AU TS RERP AL, I
4h, PUYOL &P (55 W, Fe¥' &5 CO, A RN ZE 8k, R WX (7). X B
T Fe? vk B R M /b i SR B R . Fe? B TR B DT U A At vl A7cTiE B 6 VSS B ff R A — 2 1)
PEEVER, R 55 Tk A R EH AR VR .
Fe** + CO, + H,0 & FeCO; +2H" @)
3 Z5ip
D) X FI5 KA R iiiE e . BTG RAE KAL) BIER I RIDR AN, B0 kA 2
HERGEIE T IAE R . MRS BRIy 4 g L7, PR AT & — K R ECRT Scholl Canyon #5275
SRR A, BMBBOINE R T 25 gL' i, PR IEERAT B, By e i
2) 7£ EBS Ml FIAAAE R 2500 T, LS B B B AE R AL B B 19 32 B4R FH 2 3 in TVFAs = & . i
PENTREE RT3 . 10 g L7 FMERA D INIRFE (R s, L WR/TVFAs Bl e k.
3) 3 3 DR AEE AL BT IS A8 ARt e, Z AN kX VSS B R A R BEE T, T COD [ fi R A fiF
W5 A ERBEMS U MR AR, (AR )48 o o %o 2 R0 B A R AR B T R K
HEMEMRRSG, KIS WG TR AR B9 D, dF— 25 B0 0E T Z A0 o) B e 7= 1 i 42
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Abstract In this study, zero valent iron (ZVI) was added to solve the problem of insufficient gas production
from anaerobic co-digestion (ACD) of the two kinds of municipal wastes :municipal sludge (primary sludge,
excess sludge) and leachate from waste incineration plant. The strengthening effects of acidogenic and
methanogenic stages with addition of ZVI, and the changes of COD, VSS, ammonia nitrogen and ions in
supernatant before and after ACD were studied. The mixture including primary sludge and excess sludge with
the volume ratio of 4:1 and 15% leachate was used as substrate to conduct the anaerobic digestion with the
addition of ZVI of different concentrations. Results demonstrated that ZVI could effectively increase the total
volatile fatty acids(TVFAs) production, promote the decomposition of propionic acid and further degrade
complex organics in the synergetic ACD system. Compared with the performance of ACD without ZVI addition,
the maximum cumulative methane production reached 189.65 mL-g™' (VSS), and increased by 30.1% with the
addition of 4 g-L™' ZVI. Furthermore, its gas production rate accorded with the first-order function and the law
of exponential decay in Scholl Canyon model. The peak of gas production was advanced under high dosages
(25 g'L" and 40 g-L™") of ZVI, while the methane production was lower than that without ZVI addition. With
the increase of ZVI dosage, COD degradation rate showed a downward trend, VSS degradation rate increased,
and ammonia nitrogen did not change much. In addition, ZVI addition led to a significant reduction of
orthophosphate and sulfate in digestive supernatant, which was related to the coagulation and sedimentation of
ferrous ions, and was also a reason for weakening the strengthening effect of ZVI. The results of this study can
provide a reference for ACD of municipal sludge and landfill leachate.

Keywords zero valent iron; methane production; anaerobic co-digestion; municipal sludge; leachate from
waste incineration plant; Scholl Canyon model
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