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Abstract: The addition of a substantial quantity of iron salts for chemical phosphorus removal and
sludge conditioning in sewage treatment process can suppress the gas production efficiency during
anaerobic sludge digestion. In this study, thermal and alkaline—thermal pretreatments of sludge were
conducted to analyze the impacts of pretreatment methods on the gas production efficiency of anaerobic
digestion of high-iron-content sludge. The cumulative methane production from high-iron-content sludge

with iron content of (24.24+0.11) g/kg on a dry basis was 14.96% lower than that from biological sludge
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with iron content of (6.63+0.13) g/kg on a dry basis. After undergoing thermal and alkali-thermal
pretreatments, the cumulative methane production of high-iron-content sludge increased by 40.25% and
72.70%, respectively. Furthermore, the maximum methane production potential (U,) and hydrolysis rate
constant (k) exhibited the most significant enhancement following the alkali—thermal pretreatment. The
yield of soluble carbohydrates (SC) released by alkali—thermal pretreatment was 1.61 times higher than
that achieved by thermal pretreatment alone. Additionally, the growth rate of humic acid in sludge
following alkali—thermal pretreatment was 5.86% greater compared to thermal pretreatment. In addition,
the relative abundance of methanogenic archaea increased by 5.29%, and the activity of coenzyme F420
increased by 4.23% in the alkali—thermal pretreatment system. Therefore, alkali—thermal pretreatment is

more advantageous for enhancing the gas production efficiency and ensuring the stability of sludge with

% 94

high iron content.
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Fig.3 Fitted curve of cumulative methane production

Fig.4 Changes in SCOD in supernatant and cumulative

methane production before and after anaerobic digestion

M 4 0] LLAE 1, DS 41 R 4T A R R
SCOD V-2 i M 498. 74 mg/L 1415 902. 13 mg/L,
I DS-R 44 A1 DS-JR 4143 7 ) 2 709. 80, 3 245. 20
mg/L MK 1 806. 56,1 783. 72 mg/L, X A& H T4
B A T Ab B S 2 DS-R 21 A DS-JR 478 £k i 16
SCOD ¥ B K3 , 2 IR AE L5 , RGP SCOD
NS5k . T DS 278 DR A0 A0 40 it PN 1Y
A ALY AR RE L, 6 R E I AL FE b, ¥ e 40
32 B3 AR, AR5 B R AT HLA AR L R A R e
1k AR A , T LA SCOD & B 7 1 Ak 52 )5 I
M. 5 DS-R4LA L, DS-JR 417144k i SCOD ik
JE 5 19. 76% , 7=/ e 4 8 23. 13%, 6 I Bl A i Ak 2

+ 119 -



BH41E BoMm

B oE 2 K HE K

www. cnww 1985. com

Ll P TI0Ab 2 G T A b 2 S e 1 Bk R U TS IR
AIH AL SZ ARG O
IR AL AT I 3 W SP R SC B AE AL an &l 5
FIirs o AT LA H ORI AR AR 0 4h B 2F T35 Je 240 e
o SPAISC ¥ . DS-R 2H 1 DS-JR 40 SP () F- 1
e 430 F DS 48K T 2. 23 12, 08 1%, SC - 143k
AR ST 1. 63 F1 3. 25 4%, Hirh DS-JR 2H i 1k
HITAY SC & 2 DS-R 4119 1. 61 4%, /& DS 4L iH AL i
4. 256% . ZREMNLIE SP RN AL, Hih DS-R 41
F1 DS-JR 41 Hr SP (14 °F- 14 1 #8258 43 1 2 56. 63% Fil
44.35%, [ DS 4 73 5l 4 = T 17.54% F1 5. 26%
DS-R 41 Fll DS-JR 4 X} SC 4 F ¥4 71 € K 43 5l A
37.37% M 47. 14%, X DS 453 B4 5 T 2. 66% Fl
18.33%. Bl AT AL BE Eb $0T b B 5 Y8 41 B i A
SCHEZ , vl B8 /2% th T Bl B Tl Ak B mT LA 15 Ve 200 ik
BE R g J53 07, A1 (50 40 b B e 4 5 i A 5 4l i o
RE YRI5 5 AN R A YA B R
BT AT
351 mmLRT SP
ik SP k)
30 mmmiHAKET SCYR B

COif L In SC &
25

20

W/ (mg-L7")

DS DS-R
b
5 REHEWHEELFRS SPSCRERNETNL

Fig.5 Change in SP and SC concentrations in supernatant

DS-JR

before and after anaerobic digestion

2.2.2 FRiETHANLE R AL

PR AR T AR B 5% 785 SPLSC R HA ¥ ¥ i 78 4k
mE 6 iR, ATLLE W, ZIRA L) , DS-JR 415%
RSP 5 B M 115, 07 mg/gVS A% 21 84. 17
mg/gVS, H V- Y IH #E 5 i (26. 85%) , b DS-R 4H
1 DS 41 5% i v SP - ¥ 31 FE 2R 43 il &5 8. 31% Al
11.28%. DS-JR 415% i v SC 1735 % 1t ML 43. 96
mg/gVS [ 1 2 31. 78 mg/gVS, F ¥ 1 #& F & w5
(27.71%) , It DS-R 415 DS 20 - 2 114 #6243 5l 155
2.45% 5 8.71%,

200r  EEIHAKHETSP  EHAL)E SP
1sob  EEIHALETSC CRIALIE SC
Y ALRT HA CDIH /LS HA
160 X
» 140
s
W 120 .
£ 100
= 80
<60 v
40 .
20
0 L
DS DS-R DS-JR
FESh

E6 REHWUAEREHSP . SCAMHAZEMNEN
Fig.6 Change in SP, SC and HA contents in residues
before and after anaerobic digestion

B B 5 P e LR T A R W R 2, L
JE3 BEL R 2% vt JE LB 5 11 429 . = SR 2H
BN I B U R R B R i i R B T g
DS—-JR 4 5% i H 6 5 R 1 25 7% & M 116. 58 mg/gVS
HE M2 144, 14 mg/gVS, 4 & i I e K (23. 64%)
DS-R 215 DS-JR 21 5% it v i U 1 I SRR DS 4
S350 3. 69% F19. 55% , DS—JR 21 5% it v Ji 4 e ¥4
KR DS-RA1 5. 86%. "L, mikis e sy
B EA T A L 30 2o PR AT A B AR JR T B 22 Y I
SRR, S5 1 I )RR E T
2.3 TAMEXN T EH%ITRMEMEERM

2.3.1 Wi F420 TE PR 25 1k
PRAATH AL i FR A FA20 15 P A9 2846 LA 7,
0.75
DS
= 070 —-DS-R
jo 065 DS-JR
060
;
] 0.55
¥ 0.50
8
S 045
% 0.40
0.35
0.30

t/d
7 REHELIREDHEEF20FENEL
Fig.7 Change in coenzyme F420 activity during anaerobic
digestion
Hi 18] 7 7 0, 565 4 K I =20 15 e R 1 il
F420 3% P 24 0. 50~0. 56 pmmol/L (V- ¥ {5 & 0. 53



www. cnww 1985. com

FNFAE S BATRAL B AT B AR 5 R TR Rk

F41E FoOH

pmmol/L) , 7E 55 12 KIS F420 75 V£ 3535 B4 H
W F420 3 E 09 HE R A : DS-JR (0. 69~0. 73
pmmol/L, 3 2 {8 4 0. 71 pmmol/L) >DS-R (0. 65~
0. 71 pmmol/L,*F¥J{E 4 0. 68 wmmol/L)>DS(0. 55~
0. 63 wmmol/L, FHJ{E 4 0. 59 wmmol/L) . DS-JR 41
o IR ST AR & b A B F420 35 4 L DS-R &
4. 23% , Pt i A TS TR LB RN ATAL B, R 4E
PR T Tt T PR S 30 i, LA T A X S R O 1 7
WRRFERE R . 2B 12 KIGKE RS WA HLT I
BRI RRARR , ST F420 TEPE XY LB R R 34
2.3.2 TR AR FE

AP Alpha ZFEHEFEECNFR 2 7R . ATAT,
DS-JR ZH i ACE . Chao 1 Shannon #& B4 T DS 2H
FIDS-R 41, 1Ml Simpson 4 %% 5 DS 41 Fil DS-R 41 4%
T, U B DS-JR ZH i A ) 1Y 22 FE PR AR T DS 2H A
DS-R 4,

=2 EWR Alpha ZHEEIEE
Tab.2 Alpha diversity index of microorganisms
i H ACE Chao Simpson | Shannon 78
DS 271.646 | 273.761 | 0.946 5.299 | 0.999 8
DS-R | 271.841 | 272.406 | 0.915 4.788 0.999 1
DS-JR | 220.117 | 225.555 0.892 4.078 0.999 7
R P A AT AR = B A 8 R
100
B Others
B un_{_Pedosphaeraceae
75 B LNR_A2-18
IS Bl nfpramsfibmtmria
= B Vemicommiocea
'H; = ) ) " s i diosum.
-’r;' 30 =] ;h:hanomr;[‘:a A
EE [Jun_o_Methanomicrobiales
B VMethanosaeta
25 B Methanobacterium
0
DS DS-R DS-JR
FEf

B8 HEHMEERKTELMENEE
Fig.8 Relative abundance of archaeal community at

genus level
MIE 8 I A1, DS 41 . DS-R 41 DS-JR 4175 Je i
A TER S TH AL R G i TR VR S A 2R (2 5 7
HJGE A DG A8 7l B R VB ARG R AP ZE ] i 22 1) . ]
1 DS-JR 41 v 5 77 e A OC B Methanobacterium |
Methanosaeta . Methanomicrobiales . Methanosarcina Fl

Methanofastidiosum 1 T8 J& WA X 3 B 551K 75. 16%,

Fb DS 41 1 DS-R 41 (4 A0 XF 342 B 43 31 = 18, 18% Al
5.29%. 5390, 7E DS-JR R4 H Methanosarcina HAH
X =F B 8 DS 2H F1 DS-R 4H 43 W) 5 4. 419%
2.03%. FHUCHAT UL, & 7 s Ye 2 B TP 33 Ak B
J& 7 B JE A E A DR R XS RS
H1SCOD \SC . SP %5 i i A8 Ak 3 DA G .
3 &3

O  ZEELEHE G YR B A, R
ST b B e SRR S ] o 0 ARORT B AR T Ak B
Jo o o BT e B W e i 43 il i v 40. 25% A
72.70% 15 4 5 764 400 45 445 R 3¢ B, P 94k 2 1)
U,k B, X 7= B e 3 R s SR e i

Q@ G TAL BERS , R ]
T M 22 0 (SC) e B 2 F4 91 Ah 3L oK Ak 3815 e 19
1. 61 Fi14. 25 fi5 ; HAR s b Z2 08 FER (1 B S #E % L
BT Kb B3 5 7 2. 45% F1 8. 31%, JiE B R Y 4R
TR R, Bk B AR AR AT

@ WAL FE 2 T BN R 2R PERR AL, (01
5T AR G0 ARG FA20 BTV B T R IR ARG
FHE . MK LS, R G S AR S
B AT 2 BE AN T F 420 T% 1 55 T Ak 2 43 1 412 755
15.29% 4. 23%,

B2 30k -

[1] XUY, LUY Q, DAI X H, et al. The influence of
organic-binding metals on the biogas conversion of
sewage sludge [J]. Water Research, 2017, 126 (1) :
329-341.

[2] QINY J, CHEN LY, WANG T Y, et al. Impacts of

ferric chloride, ferrous chloride and solid retention time

on the methane-producing and physicochemical
characterization in high-solids sludge anaerobic digestion

[J]. Renewable Energy, 2019, 139:1290-1298.

ok, skOEHT, sk A, L BRI = SRR RS

PR AL AL TR BT ). PRBE TR “# 4, 2017, 11

(8): 4725-4731.

YANG Guang, ZHANG Guangming, ZHANG Panyue,

[3]

et al. Enhancement and conditioning effects of sludge

anaerobic digestion by adding FeCl, [J]. Chinese
Journal of Environmental Engineering, 2017, 11 (8) :
4725-4731(in Chinese).

[4] YU B, ZHANG D L, DAI X H, et al. The synthetic

effect on volatile fatty acid disinhibition and methane

<121 -



BH41E BoMm

OE 4 K HE oK

www. cnww1985. com

(8]

[9]

[10]

production enhancement by dosing FeCl; in a sludge

thermophilic anaerobic digestion system [J]. RSC
Advances, 2016, 6(25):21090-21098.
LIAO X C, LI H, ZHANG Y Y, et al. Accelerated

high-solids anaerobic digestion of sewage sludge using
low-temperature thermal pretreatment [J]. International
Biodeterioration 2016, 106:
141-149.

ZHANG Y C, XU S Y, CULI M H, et al. Effects of

different thermal pretreatments on the biodegradability

&  Biodegradation,

and bioaccessibility of sewage sludge [J]. Waste
Management, 2019, 94:68-76.

Rk, R, FZW, 45 15 IR HROK i A b R
RO S m R R T]. hE %K HEK, 2018, 34
(21):24-30.

XU Zhiqiang, LI Yao, ZHOU Aichao, et al. Phosphate
release and influencing factors analysis during sludge
thermal hydrolysis [J]. China Water & Wasterwater,
2018,34(21):24-30(in Chinese).

PELLERA F M, GIDARAKOS E. Effect of substrate to
inoculum ratio and inoculum type on the biochemical
methane potential of solid agroindustrial waste [1].
Journal of Environmental Chemical Engineering, 2016,
4(3):3217-3229.

GAO M, YANG J H, LI S Q, et al

incineration leachate on anaerobic digestion of excess

Effects of
sludge and the related mechanisms [J]. Journal of
Environmental Management, 2022, 311:114831.

P BRE, 2Rk, i, AF . PR AL G e A A A
15 VIR A THAL B R e B Bl 1~ # T 5E [T ). BRI TG e
5Biif, 2019, 41(8): 906-909,915.

JIANG Changwang, LI Jing, HE Di, et al. Influence of
thermal—alkaline pretreatment on higher solid containing

excess sludge anaerobic digestion and the kinetic study

(1]

[12]

[13]

[14]

[J]. Environmental Pollution & Control, 2019,41(8) :
906-909,915(in Chinese).

FRIGYE, kM, BUIR, %F . BB TG
Te RS THAL VSCs HLERBF ST HERE[T ] o PR EBERL 7,
2023,43(7): 3454-3463.

JIAO Lingjie, LI Yongmei, WEI Haijuan, et al. A
review on the mechanism of adding iron and iron
compounds to control volatile sulfur compounds during
anaerobic digestion of sludge [J] . China Environmental
Science, 2023,43(7) :3454-3463(in Chinese).

FEKI E, KHOUFI S, LOUKIL S, et al. Improvement of
anaerobic digestion of waste-activated sludge by using
H,0, electro-oxidation and

oxidation, electrolysis,

thermo—alkaline  pretreatments [J]. Environmental

Science and Pollution Research, 2015, 22(19): 14717-
14726.

X4 R 7K PTIUAL SO0 08 IR 40T A A 5 e B2 A BIL
PIRE AU D . BRI BRCT R, 2014

LIU Jinfeng. Effect of the Hydrothermal Pretreatment on
the Anaerobic Digestion of the Sludge and Variation of
the Organic Matters [D]. Ma’ anshan: Anhui University
of Technology, 2014 (in Chinese).

e, FEIMG , AT . T K b B R B B A ok Y R
Hprd fe [J]. BE TSR, 2017, 11(1): 1-11.
HAO Xiaodi, ZHOU Peng, CAO Yali.

evolution processes of humic substances in wastewater

Origins and

treatment [J]. Chinese Journal of Environmental

Engineering, 2017,11(1):1-11(in Chinese).

+ 122 -

EHE R INTAE(2000- ), T IR IR B,
BEWFFE T3 0] R 5 K 515 e v IR AL A
E-mail: 1256634151@qq.com
Y75 H#A:2024-08-01
& [E] H #1:2024-09-29
(i EAE5E



