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Research progress on sludge/biomass chemical looping gasification and

ash—moisture influence on gasification characteristics
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Abstract: The development and application of high—wet sludge/biomass resource technology are recently promoted in China under the
backdrop of the dual carbon target. Chemical looping technology, as an emerging method for energy utilization, has been widely applied in
the treatment of organic solid waste. The research status of the commonly used disposal technologies of high—wet sludge and agroforestry
waste and chemical looping gasification were summarized. The research progress on the influence of ash and moisture on gasification char-
acteristics during chemical looping gasification process was emphasized and summarized. The oxygen carrier, as a crucial component in
chemical looping technology, has been achieved abundant research results. Iron—based oxygen carrier is one of the most concerned oxygen
carriers among various oxygen carriers in chemical looping gasification because of their low cost and high oxygen—carrying capacity. How-
ever, its reaction activity is relatively low, which needs to be modified by doping Ni, Ca, K and other elements. The ash and moisture in
the sludge have bidirectional effects on the gasification products and gasification efficiency, and even affect the NO_ emission. The oxygen
carrier activity can be improveddue to the K and Ca oxides contained in sludge/biomass ash, but the increase of reaction rate will lead to
local sintering of oxygen carrier, thereby reducing the oxygen carrier activity. The circulating ash is in full contact with the gas phase,
which has a certain catalytic effect on gas reforming, thus improving the quality of syngas. Although the release of moisture from sludge/bi-
omass absorbs a large amount of heat into vapor, a moderate amount of water vapor and oxygen carrier co—participate in the reaction of car-
bon conversion into syngas of rich H,, which promotes the quality of hydrogen—rich gas. When water vapor is excessively supplied as a
gasification agent, CO, production increases greatly and the syngas quality is reduced. Therefore, the positive effects of ash and moisture
should be used to improve the gasification efficiency of high wet sludge and biomass in the process of chemical looping gasification, in
which the control of circulating ash amount and moisture release rate is the key way.

Key words: high—wet sludge ; biomass ; chemical looping gasification ; Fe—based oxygen carrier; ash ; moisture
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Fig.1 Schematic diagram of chemical looping gasification
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Table 2 Effects of different biomass ash on oxygen carrier performance
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Table 3 Experimental results in three conditions of the CLG process

[111]

SgE| TV B RS AL TR Y B4 S A AW IR AL S
CO, KBS/ % 38.30 35.33 41.72
CO TR E % 28.57 29.75 26.57
CH, B 8/ % 14.85 14.22 11.96
H, B340 % 18.28 20.71 19.75
H,/CO ¥ 5t kb 0.639 8 0.696 3 0.743 6
B REARATE/ (M] » m™?) 10.900 11.090 9.774
EFER/ (md - kg™ 0.992 7 1.164 6 0.987 4

SR RET ARy T IREP Y N Al e S M
e i A — R TE I, BE T AL 1T A 0 BR A ROR
TS K oy AT ZE S0 A #, REUL™ i
I EIE AL AT R G T, NI R 2 A S HL
B g )5 WA D5 DA TR U AR i R ) T
HRERAYERS 45 R R ] IR 5 PR AT PR v
HA 75 R T AN HL A5 A REREAR & 10 i AL
SLH RIS T AE LN 4 FroR X e s iR
et ferhok e M AR T iR T 2%

A B B — B RLK 28 O AR i TS
P A KA KO K T e F Rk 23 I AR

8

AR TG VAt B e B BRI T B E R
FERE. SAMIMAIKZE A, 15 A & 5K #HT i
ITHCR P SREAT AR T AR e AR i 2 L
TP RAMEL, (EARER IR, SRk it e 2804k
FEREA) 2 AL RERE Y 241, SEma b RS, A F)
FTARACBHAT . P, SR 5 I 2870 R |
XA TE i) 52 0] 4 55 308 S5 2 e R 95 U8 LR
MR EEHEANE . S B REY R s s e
T, 70 B R BRI K78 ST H A
B AL AR EA AT IR 12T P T80 T 7K 0 %
AL R AR IS T IR AT



PN R A e T RIS AR 15 08/ A W AL~ i A SR 23— IR 3 RO W R PR 5 3

www.chinacaj.net

2023 4E55 9

CO,» CO. CH,

H,» CH,. CO,. CO

gy A ?/N
T A A

Y SER

S
5
b
S

BEREATAY)

HES A7) S

H,» CH,. CO

T

=

1~4¥PAHs. | %3
BEMNE 4~T¥PAHs
JTRls =] 4vseans |

HO

SRR

K 4

CO. H,0

5 FiERRE

BET 15 Y AN A W o B IRAR ) T B0 R e BUIR 25
T TG U5 A oA S B A A T 5 3 R MK
o JKIXT A R AR B2 TS e Al R
PRI AT, D) 275 U8 -5 A B AL BE AR T 5T
feflt TSR, BRI .

1) 25 BRI A AT TS e 5 A Yy i fb o B <
Perb BAT I R e, M T 4 5 UK, e e
DU, 5 8 AW BB A e 4 1T i
PILHAMTE M Z IR ENE . LR EEIRR
R A P RO PUbE S BE T am A DE, Tlk
Pl g 15 Ve Al 2 A B B AT TS0 B L ] o
Ttk

2) AT IR 53 0 SRR B AT WU 520, MK
oy K JeR AUk, T Si Je R W & S EEE K
Bedli, ISR r B 24k H 278 Koy % T AL i
PR e A AR MR T A TR SR E AN ], 5 B
RBESERE . o LEWT 58 nlil e A K b EEOTR,
BRI 30, WK 33 T A RE A2

3) R i5 e KB e, K IR O AR,
AT Hy A H, B AR e, (Rt 2
BTG e R HT | 2 B AR i, 5 B IR AR
%, & AR CO, & LT, miRis e fe s i
HOK o B I B A B R A A TR A
I,

4) R G Ve BIR AL Y B AL BE AL, TR
PR T R S E PGP, B T2
I BEFENR A AR B AR, L, 1508/
J3 R 55 7K 3 Xt A e R PRS2 M 42 i ik AR
{5 Ve 5 HE M A B S AE ] TR S

2% L #K ( References) :

(1] ™A% WL PIBOE " 159 T L2 R R [J]. P [ 45

FRIRE R

ﬂ:ﬁ%%

H,

CH,» CO,. CO. C,
<k

[3]

[5]

[6]

[7]

[8]

[9]

[10]

1895 ik AL AR

Fig.4 Pyrolysis mechanism of wet sludge’

112]

JKHEK ,2017,33(6) :47-51.
YAN Junquan, YUAN Gang. Discussion on application of two-—
stage sludge drying technology[ J]. China Water and Wastewater,
2017,33(6) :47-51.
gy H % RRT 551508 5 R Y B SR 5 Bk S AL e
SRS T]. ALy, 2021,45(6) 10~ 16.
MA Lun, XIA Ji, ZHU Tianyu, et al. Experimental study on gasi-
fication of sludge/biomass—straw co—pyrolysis residual carbon|[J].
Hubei Electric Power,2021,45(6) :10-16.
ARAETE AL AR S S TR A T 23 RsE( D).
Wi BRHE R 2022
QI H, CUIL P, LIU Z, et al. Conceptual design and comprehensive
analysis for novel municipal sludge gasification —based hydrogen
production via plasma gasifier[ J]. Energy Conversion and Manage-
ment,2021,245.114635.
A SC, TR, AR 15 e Al A B AR R T 52 7). 30
TRE4H%,2016,36(8) :658-663.
CHEN Qianwen, SHEN Laihong, NIU Xin. Research on chemical
looping gasification of sewage sludge [ J]. Journal of Chinese
Society of Power Engineering,2016,36(8) :658-663.
HUANG Z, XU G, DENG Z, et al. Investigation on gasification
performance of sewage sludge using chemical looping gasification
with iron ore oxygen carrier[ J]. International Journal of Hydrogen
Energy, 2017,42(40) :25474-25491.
AR, 20 T, 55 15 e ALk 3R B AR 1y g P A 5
JE[T]. B R4 TEE,2021,37(6) :50-54.
ZHAO Famin, LI Xingjie, FENG Nan, et al. Research and pro-
gress on application of sludge treatment and disposal technology
[J]. Energy Saving of Nonferrous Metallurgy, 2021, 37 (6):
50-54.
g P T B GRS 2021 [ ML E A ESE TR
#,2021.
B 5 R AL B i 5 e AL R R R AR IR ST [T ] S S AR
HIMERHE,2021,2(23) :129-130,133.
SHEN Dengcheng. Study on disposal and utilization of sludge in
[Jl
Environmental Technology,2021,2(23) :129-130,133.
U, R, AR b 55 FRIENS YR Ak BEAL B BN T IUR & &
RG] T E 2k HEK ,2016,32(16) :26-30,35.
LI Xiongwei, LI Jun, LI Chong, et al. Current application

9

sewage treatment plant Leather Manufacture and



2023 4E55 9 M

www.chinacaj.net

ik A g KK

529 %

[11]

[16]

[17]

[19]

[21]

[22]

[23]

[24]

10

situation and development trend of sludge treatment and disposal
technologies in China[ J]. China Water and Wastewater, 2016,
32(16) :26-30,35.

I 3K 5 N AT 0TS YR Al AL B IR S T FR
1£T1.,2020,47(14) . 123-124, 146.

JIA Chuan, ZHANG Guofang. Sewage sludge treatment and dis-
posal: Status and prospects [ J ]. Guangdong Chemical Industry,
2020,47(14) :123-124,146.

AR BT AR T R AR A BT V5 VR I SRR 53 [ D .
L7 TR R 2021,

TR EIR. TG PPN AR S BB [ D] AL B

HEK2#,2016.
BERETE. = S Y R T b P A M AL [ D] AL W 4k
K2 ,2015.

ZHAO P, SHEN Y, GE S, et al. Energy recycling from sewage
sludge by producing solid biofuel with hydrothermal carbonization
[J]. Energy Conversion and Management,2014,78. 815-821.
NGUYEN N M, ALOBAID F,DIERINGER P, et al. Biomass—
based chemical looping gasification ; Overview and recent develop-
ments[ J]. Applied Sciences,2021,11(15) :7069.
PUIG-ARNAVAT M, BRUNO J C, CORONAS A. Review and
analysis of biomass gasification models[ J]. Renewable and Sus-
tainable Energy Reviews, 2010, 14(9) ;2841-2851.
ARG BRIV SR it S 2R W R R (AR T 52 25 34
HRHE RS 2R ( FARBINR) ,2022,50(7) :79-88.
ZOU Jun, CHEN Yingquan, YANG Haiping, et al. Review on

[J].4¢

high value utilization of biomass[ J ].Journal of Huazhong Univer-
sity of Science and Technology ( Natural Science Edition) ,2022,
50(7) :79-88.

TET 3,0 E, R 6 S5 PR IR 72 2R W B ML Al i Y
ﬁ%%ﬁﬂﬁLﬁ[]%ﬂ%??ﬁﬂ&waﬁMb
651.

HONG Qianhui, LIU Xia, TANG Longfei, et al. Progress in
physicochemical properties of ash/slag from co — gasification of
agroforestry waste biomass and coal[ J]. Journal of Fuel Chemistry
and Technology,2022,50(6) :641-651.

TR M A Y BUR FE AL B S AR PR [T ] R
2021,73(6) :22-26, 4.

BIAN Rongjun, LI Lianqing. Waste biomass treatment and carbon
neutrality[ J]. Science,2021,73(6) ;22-26,4.

rRE N R SR et 2 FE SRR T Mk a3 2. 3060 FTk A M) BT RE
BT S AS [ R ACKT P E P R AL 2 e ) SR
AW sr2x,2021.

TEAREIE, S8 F. 3 [ A b 1A 57 ) 9 0 Ao Ak 80 AR B [ R 4 A7
[T 04 HL,2021(9) : 167-168.

WANG Xiaolin, GUO Dan. The current situation and problem
analysis of agricultural waste resource treatment in China [ J].
Hebei Agricultural Machinery,2021(9) :167-168.

LEE D, NAM H, SEO M W, et al. Recent progress in the cata-
Iytic thermochemical conversion process of biomass for biofuels
[J].Chemical Engineering Journal ,2022,447.137501.
MCKENDRY P. Energy production from biomass ( Part 1) : Ove-

rview of biomass [ J]. Bioresource Technology, 2022,83 (1) :

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

37-46.

SAIDUR R, BOROUMANDJAZI G, MEKHILEF S, et al. A re-

view on exergy analysis of biomass based fuels[ J]. Renewable

and Sustainable Energy Reviews, 2012, 16(2) ;1217-1222.

LIX T, GRACE J R, LIM C J, et al. Biomass gasification in

a circulating fluidized bed[ J].Biomass and Bioenergy,2004,26.

171-193.

RICHTER H J, KNOCHE K F. Reversibility ofcombustion proc-

esses[ J].Efficiency and Costing,1983 3.71-85.

UGS 20T 2R A5 AR W PO 2 S BRI A B T
JR[J] AL TR ,2020,39(10) :3956-3965.

YAN Beibei, LI Zhiyu, LI Jian, et al. Research progress of oxy-

gen carrier in biomass chemical looping gasification[ J]. Chemical

Industry and Engineering Progress,2020,39(10) :3956-3965.

BREAULT R W. Gasificationprocesses old and new: A basic re-

view of the major technologies [ J]. Energies, 2010, 3(2):
216-240.

R RAEASARESL R G MR AL KB E AT [ D] KiE
KT, 2021.

AELS, BiR, LR, 5. YIRBAERMTs LR b id
R EUE BT S ST S (0] BT REVRIE R, 2019,

7(3) :199-206.

DENG Zhengbing, HUANG Zhen, ZHENG Anqing, et al. Ther-
modynamic analysis and experimental study of nitrongen migration
during the sludge chemical looping gasification using iron—based
oxygen carriers [ J]. Advances in New and Renewable Energy,
2019, 7(3) :199-206.

FENG Yan, YANG Qianhui, ZUO Zongliang, et al.Study on
preparation of oxygen carrier using copper slag as precursor[ J].
Frontiers in Energy Research,2021,9.781914.

DONG N, HUO R, LIU M, et al. Chemical looping gasification
of sewage sludge using copper slag modified by NiO as an oxy-
gen carrier| J].Chinese Journal of Chemical Engineering, 2021,
29.335-343.

HILDOR F, LEION H, LINDERHOLM C J, et al. Steel conv-
erter slag as an oxygen carrier for chemical —looping gasification
[J]. Fuel Processing Technology, 2020, 210;106576.

ZHANG Z, WANG X, ZHANG L, et al. Characteristics of steel
slag as an oxygen carrier for chemical looping gasification of
sewage sludge[ J]. Energy, 2022, 247.123534.

REN T, AN M, HU X, et al. Development of inexpensive per-
ovskite Mn — based oxygen carriers using the waste manganese
sand for chemical looping gasification[ J]. International Journal of
Energy Research, 2020, 45(2) :2416-2431.

HAN J, SHAN R, GU J, et al. Chemical looping gasification
using Nickel-containing electroplating sludge and dyeing sludge
as oxygen carrier| J |. Waste Management, 2022, 141.194-201.
BEE 5. 75 U B MR A 4 S R P T RS S R TS
[ DTk AR R 2021

CAI J, ZHENG W, LUO M, et al. Characterization of copper
(1) chemical forms and heavy metal distribution in chemical
looping gasification of municipal solid waste[ J]. Journal of the

Energy Institute, 2021, 96:140-147.



www.chinacaj.net

PN R A T RIS 15 08/ W B A~ 5 A SR 23 —IK G0 R W R PRI 5

2023 4E55 9

[40]

[41]

[42]

[45]

[50]

[51]

[52]

[53]

b RESCHEE, B, A R T PR R A T BT Y AR
RS SR BT (1] A 24 (AN T0) |, 2020, 36 (6)
1285-1293.
WANG Kun, LIANG Wenzheng, YAN Hao, et al. Simulation
and experimental study on the gasificationg characteristics of mu-
nicipal sludge by the Fe—based oxygen carrier[ J]. Acta Petro-
lei Sinica ( Petroleum Processing Section ), 2020, 36 (6 ) :
1285-1293.

b, BESCHC, RS T AMERA ) 4 B A T
SR T ] AR 2021 ,27(4) 14855,
WANG Kun, LIANG Wenzheng, WANG Cuiping. Molecular dy-

Bmr¥3 7

namics simulation of sulfur migration in the initial pyrolysis period
of Ningdong coal [ J]. Clean Coal Technology, 2021,27 (4):
48-55.

SR I RIS AR L B R AL B R B 5 i
AL T.27 4% ,2019,70(8) :2835-2853.
WU Zhigiang, ZHANG Bo, YANG Bolun. Research progress on
CIESC

HRELT].

biomass chemical — looping conversion technology [ J ].
Journal ,2019,70(8) :2835-2853.
HU Q, SHEN Y, CHEW J W, et al. Chemical looping gasifica-
tion of biomass with Fe,0;/Ca0 as the oxygen carrier for hydro-
gen—enriched syngas production[ J]. Chemical Engineering Jour-
nal, 2020,379.122346.
HU J, LI C, ZHANG Q, et al. Using chemical looping gasifica-
tion with Fe,0;/Al,0; oxygen carrier to produce syngas (H,+
CO) from rice straw[ J]. International Journal of Hydrogen Ener-
gy, 2019, 44(6) .3382-3386.
YAN X, HU J, ZHANG Q, et al. Chemical-looping gasification
of corn straw with Fe—based oxygen carrier; Thermogravimetric
analysis[ J]. Bioresource Technology, 2020, 303.122904.
F T T XA A AR 1 KRS PR AL B S AL LB Y
[ D] AR 3T R b A2, 2020

PEVRAE . A7) 3 Ak F RS FHBURL P i 55 287
PRWFFE[ D] ORI  RIEH TR, 2019.
KR CaO/Fe, 0, B G B AMMFEFT MM 5 5 TR
S SE[ D 1A TR Al K2 2021,
HU J, ZHANG T, ZHANG Q, et al. Application of calcium ox-

A E AR

ide/ferric oxide composite oxygen carrier for corn straw chemical
looping gasification [ J ]. Bioresource Technology, 2021, 330
(6) :125011.

HU J, LI C, ZHANG Q, et al. Syngas production by chemical-
looping gasification of wheat straw with Fe—based oxygen carrier
[J]. Bioresource Technology, 2018, 263:273-279.
IV BESL N, B B AR A B R e B 5T
o2 TR 5% 45,2017 (6) :219-220.

SUN Shujing, LUO Ligang, ZENG Qin.

Je[T].

Research progress
on methane production by gasification of algal biomass [ ] ].
Chemical Engineering and Equipment,2017(6) :219-220.

U I B A I SR AL R S PLBE [ D] M A
LT R4 ,2012.

LIU G, LIAO Y, WU Y, et al. Synthesis gas production from mi-
croalgae gasification in the presence of Fe,0; oxygen carrier and

CaO additive[ J]. Applied Energy, 2018,212:955-965.

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

LIU G, LIAO Y, WU Y, et al. Application of calcium ferrites as
oxygen carriers for microalgae chemical looping gasification[ J].
Energy Conversion and Management, 2018, 160:262-272.

LIU G, LIAO Y, WU Y, et al. Characteristics of microalgae gas-
ification through chemical looping in the presence of steam|[ ] ].
International Journal of Hydrogen Energy, 2017, 42. 22730 -
22742.

YAN J,LIU W, SUN R, et al. Chemical looping catalytic gasifi-
cation of biomass over active LaNi, Fe,_ O; perovskites as func-
tional oxygen carriers[ J]. Chinese Journal of Chemical Engineer-
ing, 2021,36:146-156.

YAN J,JIANG S, SONG, et al. Chemical looping catalytic ste-
am gasification (CLCSG) of algae over La,_ ba FeO, perovskites
for syngas production [ J ]. Biomass and Bioenergy, 2021,
151:106154.

HU Z, MA X, JIANG E. The effect of microwave pretreatment
on chemical looping gasification of microalgae for syngas
production [ J ]. Energy Conversion and Management, 2017,
143.513-521.

ZAINI I N, NURDIAWATI A, AZIZ M. Cogeneration of power
and H, by steam gasification and syngas chemical looping of mac-
roalgae[ J]. Applied Energy, 2017, 207:134-145.
NURDIAWATI A, ZAINI I N, IRHAMNA A R, et al. No-
vel configuration of supercritical water gasification and chemical
looping for highly—efficient hydrogen production from microalgae
[J]. Renewable and Sustainable Energy Reviews, 2019, 112;
369-381.

AZIZ M, ZAINI I N. Production of hydrogen from algae: Inte-
erated gasification and chemical looping[ J]. Energy Procedia,
2017, 142.210-215.

AZIZ M. Modeling of efficiently—integrated algal gasification, ni-
trogen production, ammonia synthesis, and power generation|[ J].
Energy Procedia, 2019, 160.627-632.

WIJAYANTA A T, AZIZ M. Ammonia production from algae via
integrated hydrothermal gasification, chemical looping, N, pro-
duction, and NH; synthesis[ J]. Energy, 2019, 174:331-338.
LEONG Y K, CHEN W H, LEE D J, et al. Supercritical wa-
ter gasification (SCWG) as a potential tool for the valorization of
phycoremediation—derived waste algal biomass for biofuel genera-
tion[ J]. Journal of Hazardous Materials, 2021, 418.126278.
ZENG J,XIAO R, ZENG D, et al. High H,/CO Ratio syngas
production from chemical looping gasification of sawdust in a dual
fluidized bed gasifier [ J]. Energy and Fuels, 2016,30(3):
1764-1770.

WANG S,SONG T, YIN S, et al. Syngas, tar and char behavior
in chemical looping gasification of sawdust pellet in fluidized bed
[J]. Fuel, 2020, 270.117464.

XU F,XING X, GAO S, et al. Direct chemical looping gasifica-
tion of pine sawdust using Fe, O; —rich sludge ash as an oxy-
gen carrier; Thermal conversion characteristics, product distribu-
tions, and gasification performances [ J ]. Fuel, 2021,
304.121499.
MOHAMED U S

, ZHAO Y, HUANG Y, et al. Sustainability

11



2023 4E55 9 M

www.chinacaj.net

ik A g KK

529 %

[69]

[70]

[71]

[72]

[73]

[75]

[76]

[81]

[82]
12

evaluation of biomass direct gasification using chemical looping
technology for power generation with and w/0 CO, capture[ J].
Energy, 2020,205:117904.

SLOWINSKI G, SLOWINSKI A. Thermodynamic feasibility of
pure hydrogen production and storage in iron and germanium
based double chemical looping process [ J ]. Journal of the
Brazilian Chemical Society,2017,28(6) :1098-1195.

WANG P, PU G, LIU Q, et al. Alkali metal modified iron—
nickel oxygen carrier to produce hydrogen —rich synthesis gas
by chemical looping gasification with pine sawdust[ J]. Interna-
tional Journal of Energy Research, 2020,5:1-12.

LI M, SUN L, CHEN L, et al. Syngas production from bio-
mass chemical looping gasification with Fe,0;—-CaO oxygen car-
rier[ J].Journal of Thermal Analysis and Calorimetry, 2021, 147
(14).7811-7817.

XIAO Y H, XU S P,SONG Y B, et al. Biomass steam gasificat-
ion for hydrogen — rich gas production in a decoupled dual
loop gasification system[ J]. Fuel Processing Technology, 2017,
165.54-61.

GUO L, ZHAO H,ZHENG C. Synthesis gas generation by chemi-
cal-looping reforming of biomass with natural copper ore as oxy-
gen carrier[ J|. Waste and Biomass Valorization, 2015, 6(1):
81-89.

ARABC RS, WAl [, 25, 1] P9 SR T 7 YR B AL R P T Ak
FEPERFTE[ )] AR TR, 2022,42( 1) :44-51.

LIN Min, YU Zhijie, YAO Jianguo, et al.Physical and chemi-
cal characteristics and drying characteristics of municipal sludge
in Hangzhou[ J]. Energy Engineering,2022,42(1) :44-51.
AN, O Tl 75 8K AR A Ak B BEIRAE A IATSE [ D],
JEAT: AR R 2, 2020

SR, BT R IR EN G 5 8 LR R IR & W I
FAERTFEL D] ALET AL aT b TR %, 2021.

R, XS , 24038, A AN TR A TS S8 LR 1 s Bt 3 g 2 S5 34
TSR 5[ 1] M2 Tl ,2022,59(7) :30-37,52.

LANG Panpan, LIU Peng, LI Yanling, et al. Study on kinetics
and thermodynamic parameters for pyrolysis of different sawdust
biomass[ J]. China Forest Products Industry,2022,59(7) ;30—
37,52.

oy H 2% W 15 8 5 A W SRS AF LA SE BT [ T].
W4 47,2021,45(3) :1-7.

MA Lun, XIA Ji, HU Yongjia. Experimental study on co—pyroly-
sis of sludge and hiomass straw[ J]. Hubei Electric Power,2021,
45(3):1-17.

HFER. 5054 B R AR AL R 2852 [ D] 3L
AR R, 2020.

AKKACHE S, HERNANDEZ A B, TEIXEIRA G, et al. Co—
gasification of wastewater sludge and different feedstock ; Feasibil-
ity study[ J]. Biomas and Bioenergy,2016,89, 201-209.

HU Q,DAI' Y, WANG C. Steam co—gasification of horticultural
waste and sewage sludge: Product distribution, synergistic
analysis and optimization [ J]. Bioresource Technology, 2020,
301:122780.

. USRI 8RR 15 e b A B SRR ERF S [ D] &

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

L AR AR RS, 2021.

VILCHES T B, MARIC J, KNUTSSON P, et al. Bed material as
a catalyst for char gasification: The case of ash—coated olivine ac-
tivated by K and S addition[ J]. Fuel, 2018,224.85-93.
FEPFHR G SRAAR , A5 SRR A 4 DAL A B AL e B
SRS Y I BB R LR 58 [ 0] 4R B 24 24 41, 2020, 48
(1):18-27.

CHENG Danyan, YONG Qirun, GONG Bengen, et al. Carboth-
ermal interaction between Cu—base d oxygen carrier and ash min-
erals in the chemical —looping gasification of coal and biomass
[J]. Journal of Fuel Chemistry and Technology,2020,48 (1) .
18-27.

EWELINA K. Sewage sludge ash as an alternative low—cost oxy-
gen carrier for chemical looping combustion [ J ]. Journal of
Thermal Analysis and Calorimetry, 2014, 116(3) :1395-1407.
ZAHNG S, GU H, ZHAO ], et al. Development of iron ore oxy-
gen carrier modified with biomass ash for chemical looping com-
bustion[ J | .Energy, 2019, 186.115893.

WANG P, MEANS N, SHEKHAWAT D, et al. Chemical -loo-
ping combustion and gasification of coals and oxygen carrier de-
velopment: A brief review [ J]. Energies, 2015, 8 (10):
10605-10635.

WANG K, AN Z, WANG F, et al. Effect of ash on the perform-
ance of iron—based oxygen carrier in the chemical looping gasifi-
cation of municipal sludge[ J]. Energy, 2021, 231.120939.

GU H, SHEN L, ZHONG Z, et al. Interaction between biomass
ash and iron ore oxygen carrier during chemical looping

combustion [ J ]. Chemical Engineering Journal, 2015, 277.

70-78.
FBIE, B, BRI, % 5T R KB W 0 0 R AT
WAL R I 2 5E R [0 B % 5 H R, 2016, 15(5):
397-405.

GAO Zhengping, HUANG Qilong, GU Haiming, et al. Experi-

mental  investigation  of  chemical looping  combustion
interconnected fluidized bed reactor using iron ore oxygen carri-
er modified by plant ash [ J]. Journal of Thermal Science and
Technology, 2016,15(5) :397-405.

ZHANG S, XIAO R.Performance of iron ore oxygen carrier modi-
fied by biomass ashes in coal—fueled chemical looping combustion
[J]. Greenhouse Gases:Science and Technology, 2016,6(5) :
695-709.

LIU Y,ZAHNG X, GAO M, et al. Effect of coal ash on Fe-
based oxygen carrier in coal char chemical looping gasification
[J]. International Journal of Chemical Reactor Engineering,
2019, 17(8):1-13.

GUO X, LI'Y, ZHU Q, et al. Reactivity of iron—based oxy-
gen carriers with coal ash in pressurized chemical looping gasifi-
cation[ J |. Fuel Processing Technology,2021,219;106890.
HEF AR 15N G AV BUR G TR RS [ D] R
KABHE R, 2015.

STEFANIAK J, ZELAZNA A, PAWOWSKI A. Environmental

assessment of different dewatering and drying methods on the

basis of life cycle assessment[ J]. Water Scienceand Technology,



PN R A e T RIS AR 15 08/ A W AL~ i A SR 23— IR 3 RO W R PR 5 3

www.chinacaj.net

2023 4E55 9

[97]

[100]

[101]

[102]

[103]

[104]

2014, 69(4) :783-788.
GIL-LALAGUNA N, SANCHEZ J L, MURILLO M B, et al.
Energetic assessment of air — steamgasification of sewage sludge
and of the integration of sewage sludge pyrolysis and air —
steam gasification of char[ J]. Energy, 2014,76. 652-662.
KIM Y, PARKER W. A technical and economic evaluation of the
pyrolysis of sewage sludge for the production of bio—oil [ J].
Bioresource Technology, 2008, 99. 1409-1416.
e T RERLSE TS P il PR i R AL PR
[D]. 55 BBIRY,2019.
A 0T, WRTEES | BERAS , 45 T {5 K 15 98 T - BE B R G A
N5 (1] 81 kL, 2022,51(5) 48-54
QIAN Kezhen, CHEN Dezhen, DUAN Nina, et al. Thermal
analysis of municipal sewage sludge drying—incineration system
[J]. Thermal Power Generation,2022,51(5) :48-54.
YANG B, LEI Z, JAHNG D. Importance of initial moisture con-
tent and bulking agent for biodrying sewage sludge[ J]. Drying
Technology, 2014, 32(2) .135-144.
KECH C, GALLOY A, FRIPPIAT C, et al. Optimization of di-
rect liquid — liquid extraction of lipids from wet urban sewage
sludge for biodiesel production[ J]. Fuel, 2018, 212.132-139.
ZERERE. 15K G PR AL ROK Z8 R SRR E T 58 [ D]
Rt KTl K% ,2018.
VR, iR V5 Y Ab BEAL 8 P i T e BRZ BR BRI [T ]
B R S (K Tk T%) ,2010(2) :8-10.
XU Guoren, ZHANG Zhao. Research on hot spots of sludge
treatment and disposal and discussion of international experience
[J]. Water—Industry Market,2010(2) ;8-10.
K TSR TR SE [ D] L R B HR

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

*%,2015.

EWyn, SR, JE Ak TS PR FH AR E I T BOR PP
R[] AR IR SIEIRZ5E,2017,10(8) :36-38.
WANG Panli, ZHOU Yawen, ZHOU Quanfa. The research pro-
gress on solar thermal drying technology of municipal sludge[ J].
Recyclable Resources and Circular Economy, 2017, 10 (8):
36-38.

LWL PTA 59 E TR RS ma pL R F 5« LISEAL AT
JKAEBR G e AP D] R R F AU RS, 2020.

X375 Ye K BT EOR P AT AT [T]. 3R 05 LA AR
2013,21(1) :46-47.

LIU Yong. Industrialization for hydrothermal drying technology of
sludge [ J]. Environmental Sanitation Engineering, 2013, 21
(1) :46-47.

TYAGI V K, LO S L. Microwave irradiation: A sustainable way
for sludge treatment and resource recovery [ J ]. Renewable
and Sustainable Energy Reviews, 2013, 18.:288-305.

X IENE . T O B B M B R0 095 P AR E [ D] Rt R
R R2%,2019.

NIPATTUMMAFEUL N, AHMED I I, KERDSUWAN S, et al.
Hydrogen and syngas production from sewage sludge via
steam gasification [ J ]. International Journal of Hydrogen
Energy, 2010, 35(21) :11738-11745.

ZENG J, XIAO R, ZHANG H, et al. Syngas production via bi-
omass self—moisture chemical looping gasification[ J ]. Biomass
and Bioenergy, 2017, 104.1-7.

ARILIT. 5 YR PR O SR RS LT ST D] 30
PR, 2010.

13





