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Research progress on the fly ash ceramsite
CHAI Chunjing,SONG Huiping, FENG Zhengjun,ZHANG Jincai, CHENG Fangqin

( State Environmental Protection Key Laboratory of Efficient Resource Utilization Techniques of Coal Waste , Institute of Resources and
Environmental Engineering ,Shanxi University , Taiyuan 030006, China)
Abstract ; Fly ash is the fine ash collected from the flue gas after coal combustion,which is the main solid waste discharged from coal—fired
power plants,and has great harm to the environment and human health. The preparation of ceramsite by using fly ash is one of the impor-
tant ways to recycle fly ash. Because of its excellent properties such as small density, light weight, heat preservation, heat insulation, good
fire resistance , good anti—seismic performance,low water absorption, good anti—freezing performance and good durability, the fly ash ceram-
site has wide application prospects in the fields of waste water treatment,waste gas treatment,noise control and building materials, etc. In
this review,the latest development of fly ash ceramisite in recent years was reviewed and the feasibility of preparing fly ash ceramsite by

roasting process and unburned process was analyzed. The related research results of fly ash ceramisite were introduced. The mechanism,
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raw materials , technological conditions and product properties of producing roasting ceramsite and unburned ceramsite by using fly ash were
emphatically introduced. At the same time,the main problems and solutions in the comprehensive utilization of fly ash in China were put
forward and the future development trend was forecasted,so as to provide reference for the research on the mechanism and technology of
preparing ceramsite with fly ash. The results show that the preparation process of fly ash roasted ceramsite mainly includes
batching, mixing , granulation , drying, pre —firing, roasting, cooling and screening. The main factors that affect the properties of the roast-
ed ceramsite are raw material ratio, preheating time , preheating temperature , heating rate , calcination time , calcination temperature , etc. The
preparation process of fly ash unburned ceramsite mainly includes batching, mixing, granulation, aging, drying, curing and cooling.
The main factors that affect the properties of the unburned ceramsite are the properties of raw materials, the amount of activator, the amount
of binder,the type and amount of foaming agent, curing method, steam curing temperature and curing time. The products with different
properties and uses can be prepared by changing the process conditions. At present,fly ash ceramsite is mainly roasted ceramsite. Roast-
ed ceramsite has the advantages of mature technology and high product strength,but it has the disadvantages of high energy consumption,
large investment and complex process. Therefore ,the development of fly ash unburned ceramsite has become a new trend. The unfired ce-
ramsite is still in the development stage,and the products have the disadvantages of low strength and small specific surface area. It over-
comes the disadvantages of high cost and pollution in the preparation of ceramsite by roasting method, and can be used in the situation
where the requirements of cylinder compression strength is low and bulk density is high in the future. In order to improve the performance
of ceramsite and reduce the cost,the selection of additives,technology and environmental safety of porous unburned ceramsite can be stud-
ied in depth. The preparation of ceramsite with fly ash not only solves the pollution problem of fly ash,but also solves the source of ceram-
site raw materials ,which has important practical significance.

Key words:fly ash;roasted ceramsite ;unburned ceramsite
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Table 1 Mineral composition of some fly ash in China'”’
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Table 2 Chemical composition of some fly ash in China'®’
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Table 3 Expansion mechanism of fly ash ceramsite

[4,12-13]
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Fig.3 Raw ball and clinker ball of roasted ceramsite
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Table 4 Some research results of fly ash sintered ceramsite
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Table 7 Some research results of fly ash unburned ceramisite

[32]

A e TR A A 2 OB P 2 S O E
RT BERRRBREE SRR

g2 SRk T %M T RE A S 30k
FA: KU : 248 « A A A BEEE 30~300 C T
K=758:151:6.1:3.0, JHEZK 20 C/min, FFIPH BT 32.67% ., F¥FL12 0.36
W 75 1 37
Y i (NH,HCO) HER 0 b i LA Y5 HE9 JRfER A 7]
2.0%
FA: Bt EmK: AF.
AF i
5 KYE : DT=5 : y=AL Oy ©  BREfE 1 h, 100 CHETF 2 h, LR 16.170 m>/g, 7 HHLEE | iﬁﬁﬁ;f&iﬁii [38]
JKBEE - B4EAK=55:19: 100 CIHIEFRP 12 h LB . '
HEIETE K
10:2:3:05:15:5:4
FA : KJE : KB ERA -
FEflo ) S ]
L 637 kg/m’ . B E
3 RERE KBS = HAIE SR JE 637 l/m® B HESRE ey by [39]
" 1.7 MPa WK 7.4%
R (SR ) = 213 ¢
42:19:27:9
FA KR« BER (A=A K
MAT) : BEME =75
B R S S W R I i
10: 8 ¢ 7, BRI N f}j‘ Z}ii;ﬁi i . ﬁﬁ; o (e
4 0543100 g FRHEK 3 mL,  FIoRFd éﬁm & ﬁ’* o " %H BUR, % L NO [40]
FeCl, - 6H,0(EHHHEA) iﬁ;ﬁ:}igf“g R i
5 ml. ¥ 2 mol/I, f K B S ARAE
B (FHE57)10 ¢
VT FA B EBRE I LRAE sk BRIz
Bife 5 ~ 10 mm, R 1 LA fER BAF 9 #{k
5 BTSN RI ORI A F TP, A G b B 5K ;0 y ORI K [41]
W AT KB Wk cme -
6 FA AR ZKAFMDE  RPGERFHED, G AR KA R 10~ 15 mm, & &8 E B [42]

B3 ( Na,Sio, - 10H,0)

Sl

3.54~7.72 MPa

18



www.chinacaj.net

S DRy IR B kL A B i e 2020 457 6 4
ik
Aa=s JEkL T PEfE N 27 3k
FA @ KR = B (K
ﬁﬁi‘)“ ;ﬁﬁﬂ;(ﬂ”ﬂi (e 25 CHATHE 1 b, P A
A *+ (2
P I I B AGEN 100 C B2 b, PR B 12,74 md g BORE ROBURL, AT 2R
7 BUH)  AOESFRA e . X o
H=7110:10:7 2 5 RIGBAENZRRKE SR 3.99 MPa HEFREE 0.69 g/cm’ 57K Ak 3 [30]
’ L 100 °C AT E R
M 100 g JEORHFIK 35 mlL, '172 ) B ERRF
KBRS (Fh4770) 10 g
RAE 3 ~5 mm HEFEE 786 H T &5 EHE B
g FA @ K : FeS(TGPERL ZARFEYPIG 2~3 h )5, T kg/m® FEWHFF 1332 ky/m® 4 Cu®*, Zn’*, Pb2* [43]
43)=82.5:15:2.5 % 8 h miRAESR FEHREE 5.22 MPa WK% 21.4% 3K M9 KALHE
b 7% 88.5%
RS A R B 4.65 ~ 5. NN
FA : Ca( OH) (WA + ﬂmsl;})ﬁ(zi‘ic\zs d RH> fAJESRE 4.65~5.95 MPa A7
90%) JEHFEIKF (50 C T 808~898 kg /m> 7k #£16.9% ~
9 BB =85: (10~15) : . ) . — [44]
75 CWRIREE, 2P 21.9% HALRE81%~91%
(0~5) .
[A]247 12 h)
5%NaOH AL HR (1) FA : MRS 4.29% HEFUEE 687 kg/m’ |
SOH BULRMTHIOFA S o i e 6 % ¢
10 CaO : K8 : FEAFIE : 75 g T E 1573 kg /m®  FLBR R JUIE BAF i I0E [45]
J=63:5:20:6:6 52.2% HRIEFL9.78 m?/g
5%NaOH AL FA : &1k
B BE 785 keg/m’ oA
0 kIR BER=S: RERIE AR 20 d P IE T8 hg/m? MERWB o mas (46
11.1 m?/g WEWERR 2.3%
4.84:29.05: 8
BEPRL 7= it ZE 7K TR R 2R 3.66% 5
KT HRYE ¢ KU : FA BEBT MK A 31.76% | L2 T AR
WA A K : HE = EREGEAL2~3 h, B 17. 837 m*/g. & fL %% 0. 058 25
WER(EAK - AF JosE TR R > B A g 7 Jp——
12 1:1)=60:15:20:5,% DZKW-S-6 BIAKHEHT 80 cm®/g L4 3.920 nm, B #1 R 5 % [47]

A 100 g JFUBEFHI K 30 ~
35 mL, KBEES 2 ¢

CH#HFE 12 h, ARG H

R Z M 0.35%, IR 0.5%,
FUZERE 900 ~ 950 kg/m*, 3 W%
1.000~1 200 kg/m*

e

2) ek B Kb T4, Ry DL H AR SR
FORIZERFET N T, ARFIRE R 25 CAA4 T
TR, R 20~90 d, Ao B P 38 i, K%
RHZRFET R, 2R FR R IR ZE Y HE
fifi AL BRI 2 K A K ARSI, DT 8 o B s iR
ZEFRMREE R 50~100 °C, 7552 Al 8 ~24 h, 7557
A TR , K AR S T BRI IRS , B A e 38k v

3) MR K G e B R 1 i R T2 28 AME  HERU
& &5 8% 8 W R A A AH 7], HE 5 5 EE s Joe B ks
I, JEH R Z AL S b Fahs s By K S o8 B i Fr) I 7K 6
FeRTBe b i, — MR T 15% 5 B3 18 IR B b Py s 23
SEREERE , AR MR, A B B LA

4) SR H B ik i 28 o JRE R g A, — e 75 U
TRKUE , FLT AT LA 3 8 %) 356 A2 A 380 B
W85 R 7K e SR TC LR B R ke 2 B AR
RE [ 45 54 8 55 A W 0T, I I B e vk 7 il o 1Y
FEORIECY | Gabe bR o iR T bedh 2k i 5 P kAL
ENIREE Uy SO (BRI E L A -4 o AR

B L R SRR e Ve . TR F AR A R I
W I7 ik VAR RS H8 B0 V8 RN T T 1 A X
B i (i o BRI 458 Bl KL ) 14 P 855 56 Tl 2R 47
PR P Gube F— B A K SR €, R I A 6%
B ANk be F R

5) R A de B b 1 32 2 R FH 8 R SR K
b PRIFURL R & A4 A TR B K S b B R il A Sy
AF BAF BESE 408 b i) OB Ak B AR 35 35 K
IRAT FHSRALFE NO RS %
3 R REARER

i s B 7 R R I FE AR MEBUR R
JE LB R R | R A LR R
S5 MR B R 3% A AT A i R R ™
i, I REAH SR v R REHEAT I

X TR BE A A Bt e Ak Ok R iy v
[ %% GB/T 17431.2—2010 4R} J Hiaak 36 07 12
5952 W0y AR RHRIR ) o X T 2 LB A

19



2020 4F55 6 HH

www.chinacaj.net

E A g B K 5526 %

H W SALFEMAEMNLR LTS % GB/T 1966—
1996 ZALP & B SALE AERAR L), MT2
FLBG il i, 2 A1 R 4 5 3 (A3 58 T vk T
27 GB/T 1964—1996  ZfL Wi % 15 45 5it 5 i 5 7
B2) o XTI e SRR A FE AR FH 1 B s S £
), HAEREN )y 27T 2% SY/T 5108—2014( 7K 1
JE AR A R AR SRR R 7 vk ) o X
FUAZE L TUA B K 48 S SRR T g
(7K Ab BN TR A ok, PR GBI 7 i 7T = %
CJ/T 299—2008¢ K AL B N TR Riygrty , X F R
FHS Tl 850 [ 7R 5 A B R B FAH 1 B b <
TREE ), FoMERE M 7 kv 2% JG/T 504—
20164 PR IR EE L) . X Tk 5 R A
SRR A S PR B A 114 B r e 0 TR e = i e,
PEREMIR 72 7T 2% GB/T 36534—2018¢ Fi ki A& 30
TREE LI , Xt TF DURERR L 4 2 JFURHIN T A%
1 PR R, PR RE IR 7 5 AT 2% QB/T 4383—
20124 Fkr gty o X F 2 B TR 7K Je 1 Bk - H ot
B, L BRI ] 275 TT/T 770—2009¢ 2>
B TR R DU PR R |

4 TFTEiE) R R R R AT

TR DR IR 1 7= AR K G H RETHAE 1 o R
B2z 250~300 kg MK, BEAESRBE R T LA
SR ORI R 6 A2 v, 2495 HH: A IR A P Bt 1)
172, 1 B H 3 E R 25 G R AR 709%

WEBIREG BRI 2] T« Lk Ry £7— %
&6 —“UH R E"3 SRR B, B, B
IREEA R B2 7 06 A = K e TR EE 1 B Ho A 3
L R T IV R == W 5 o =B | ST B N2
PRI R A IR AR 5 SR e (e AR R A 95
M 164 AT AR A

T M R 256 R R v T I 19 32 2 1)
AT D BB H RN T 7 A A b PR B @) 275
AR FZ UREAR; B 7= i i LA | B LA 5
@ MR 25 R HBR HEAAR RN 58 2% 3R R I IR 25
B R AR DGR M 32 B4 th e A% 48 b4 R O e ik
RS R A B A B R O T (BR R AR
b EIEAE TS 1) AR E; © S BRVEPE S SR |
P R FH A BOR 45

HEBCR U RSt . O 5732 2 F AL B0k
PRI = 32 i 2 55 42, B3 5E B 15 K 1)
B RN FHSE P 5 ) A el 88 K 255 R 7 Ml i
i — 20 B v B R 1 25 6 R 28 DL BRI KO
@ K& m B AR A AT LAY R A i A

20

FHIRAR i REBR S FE I A A0 225 [, 56 7318 Bl AR I
Al 58 @ SE BRI E5A T AR S b A4
%0 BUNFRBEE N SIBRIG SR TFBE

5 4 &

R D] 95 P S o A IR 9 A 1 o i
Fez— o Jbeik At F T O SR TR R LI B L ) £
FEITE  BORBE ABAFAERERE R 15 e R A &
AT MESL IS B DRI, TR K S e B R el
R R TR HTEA 1], e A S be AL i Ak Tt o] B
B, 7 A A AR | LU T AR/ N A i, O 4 i B
KLEIPERE , BEARBAS | Al 22 AL G B A 9 A1 77l ik
B T LM L Ve S5 i AT IR AN I, A
Ty DE ] o5 B, B TR T A BRI 175 G TR, i
figp ke 1 B JSORL A SR R )T, LA EE B R B SR X

£ 2% L #K ( References) :

[1] SHEN Yinong, HUANG Jiantao, MA Xiaobing, et al. Experimental
study on the free shrinkage of lightweight polymer concrete incorpo-
rating waste rubber powder and ceramsite [ J ]. Composite Struc-
tures,2020,242.112152.

(2] FVH, ShAu, sk, 45 000w B (B ) HT R B s Bk [T ]
BHEHIFST 5 0, 2015,9(3) 1 158-161.

YIN Yue, MA Beiyue, ZHANG Zhan, et al. Research situation of
high value utilization of coal ash[ J]. Materials Research and Ap-
plication,2015,9(3) :158~161.

[3] st B M wi il s iR 5 ()], REFRERIE 4R, 2017, 36
(5) :1577-1581.

LI Liang. Experimental study on preparation of fly ash ceramsite
[J]. Bulletin of the Chinese Ceramic Society, 2017,36 (5) :
1577-1581.

[4] R, mBEZR, 2 0 0, A5 Tl [ i & Bk i AL B 3
[J]. "PEBERE,2015(5) :18-22.

XI Jiachen, XIANG Xiaodong, QIN Xianxiano, et al. Study on
the mechanism of ceramsite prepared with solid waste[ J]. Iron
& Steel Crap of China,2015(5) :18-22.

[5] AR bl BIRBR K T AA5[D]. W KEZXR
2 ,2003.

WEN Jiuran. Study on the technology of fly ash non—sintering ce-
ramsite[ D]. Xi’an;Chang’an University,2003.

(6] B IR Jos 2 Wi L o) 48 b ik A R K v Bl R £ 25 Bk 193K
BB D). KY.WIRRF,2012.

JIANG Li. Fly ash sintered ceramiste preparation and enhanced re-
moval of phosphate in wastewater[ D]. Changsha:Hu'nan Univer-
sity ,2012.

(77 BREE BRI FEPRL I il 2 B AL BB K i 5E [ D] bt b
HAE T REE,2004.

CHEN Yu. Thestudy of manufacture of fly ash haydite and treating
oily waste water with fly ash haydite [ D ]. Beijing: Beijing
University of Chemical Technology,2004.



b
P

BB BRI B R A BIF 5 2

www.chinacaj.net

2020 4E56 6 1)

[8]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

$E R R, R TE OB IR Tl ¥ e 8 45 B KL 1) i 4 5
A1, BFREERE,2006,25(2) :51-54.
CAI Changfeng, CHU Qian, WANG Yulian. Preparation and appli-
cation of sintered fly ash /industrial sludge ceramsite[ J].Shanghai
Environmental Sciences,2006,25(2) :51-54.
RIS LAY s A1 T 8 A1 35 B FAV DRI DRI SE R I SE [ D).
RIS PR, 2014
ZHENG Nan. Experimentalresearch on the preparation of thermal—
insulating coating using fly ash zeolite [ D ].Taiyuan; Shanxi Uni-
versity ,2014.

KNIESS C T,PRATES P B,DE LIMA J C, et al. Quantitative de-

termination of the crystalline phases of the ceramic materials

utilizing the rietveld method[ J]. Materials Science Forum,2010,
660/661 :164-169.
BT, B8 KIRE SR 5 B R h B (A & B A= A 43

Wr[J]. EERR#RIE R ,2017,36(11) :3587-3593.
HOU Xinkai, LTANG Shuang, LIU Zhushen, et al. Chemical phase
analysis of glass content in fly ash[ J]. Bulletin of the Chinese
Ceramic Society,2017,36( 11) :3587-3593.

RAE X AL 2 L/ R Ao R IR W 14 0T ) B P AL i ik AL B
BRIT RIS [T 1. DhREREEL,2010,41(3) :518-522.
XI Fei, ZHAO Dachuan. Preparation of ultra — lightweight fly
ash ceramic( ULFAC) , investigation and application of the bloa-
ting mechanism [ J]. Journal of Functional Materials, 2010, 41
(3):518-522.
WRZUD . e o S5 I W o ) B ik AL BRATE 5 [0 ]
(11).7-11.

fitg I, 2005

CHEN Liefang.Study on the expansion mechanism of expanded fly
ash ceramsite[ J]. Brick & Tile,2005(11) :7-11.

CHEN Yuchi,SHI Jingwen, RONG Hao, et al. Adsorption mecha-
nism of lead ions on porous ceramsite prepared by co—combustion
ash of sewage sludge and biomass[ J]. Science of the Total Envi-
ronment,2020,702:135017.

LIU Junzhe, LIU Rui, HE Zhimin, et al. Preparation and micro-
structure of green ceramsite made from sewage sludge[ J].Journal
of Wuhan University of Technology —Materials Science Edition,
2012,27(1) :149-152.

LI Tianpeng,SUN Tingting, LI Dengxin, et al.Preparation, sintering
behavior,and expansion performance of ceramsite filter media from
dewatered sewage sludge, coal fly ash, and river sediment [ J].
Journal of Material Cycles and Waste Management, 2018, 20;
71-79.

QIN Juan,CUI Chong, CUI Xiaoyu, et al.Preparation and charac-
terization of ceramsite from lime mud and coal fly ash[J]. Con-
struction and Building Materials,2015,95:10-12.

IR 2R RMS 22 e LA A B 55 0 S SO 58 i K Ak 3 Bl
BB RHSZ A R R ) ] . BREERME ,2020,33(1) :27-30.
LI Lujuan, LI Tianpeng, LI Yulong. Study on theinfluence factors
of the preparation of ceramsite material for water treatment from
solid wastes[ J]. Environmental Science and Technology, 2020,
33(1) :27-30.

SHI Yan,SUN Ken, QI Xuebin, et al.The fabrication of bio—ce-

ramsite for the removal of heavy metals and its toxicity to bacteria

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[J]. Journal of Wuhan University of Technology — Materials
Science Edition,2015,30(3) :649-654.
DONG Jiaxin, WANG Yuhong, WANG Lijian, et al.The perform-
ance of porous ceramsites in a biological aerated filter for organic
wastewater treatment and simulation analysis[ J].Journal of Water
Process Engineering,2020,34.101134.
iﬂhf YR, EAR L, A bl BE XS R R Py B
M ()], Pk A SRR 2 22 4 ( FARBE22 ) |, 2005, 21
(5) :511-514.
LIU Jun,LI Zhenguo, WANG Dongshan, et al. Influence of sinter
system on physical properties of slag—fly ash lightweight aggregate
[J]. Journal of Shenyang Jianzhu University ( Natural Science) ,
2005,21(5) :511-514.
WU Xiulan,HUO Zhezhe ,REN Qiang,et al.Preparation and charac-
terization of ceramic proppants with low density and high strength
using fly ash[J]. Journal of Alloys and Compounds,2017,702:
442-448.
CHENG Gong, LI Qionghui,SU Zhan, et al.Preparation , optimiza-
tion,and application of sustainable ceramsite substrate from coal
fly ash/waterworks sludge/oyster shell for phosphorus immobiliza-
tion in constructed wetlands[ J]. Journal of Cleaner Production,
2018,175.572-581.
M R TR R
2#,2011.
XI Fei.

Wk R [ D], BF R th AR R
The preparation of ultra — lightweight/lightweight fly
ash ceramic[ D]. Jinan:Shandong University,2011.
TR, BT | PG , 55 B 2 FL B A K b B v A iz H
WHFEL1]. RBERI 54k, 2008,31(11) - 112-114.
FU Jiangsheng, CHENG Yue, TANG Yanchao, et al. Application
of fly ash porous ceramsite to wastewater treatment[ J]. Environ-
mental Science & Technology,2008,31(11) :112-114.
LT, A Yeds i/ INaE A5 R iR Ry I IR 5 Tk PR o 6 £ 5 i)
ESTENP ﬁ&%lﬂiﬁ%ﬁ%%&,zcwﬁom) :70-74.
DENG Hongwei, YANG Yingzi, GAO Xiaojian, et al. Research on
factors to affect the preparation of high—strength ceramsite in low
absorption [ J ]. Journal of Qingdao Technological University,
2009,30(4) :70-74.
BRI, R, EAR R, S5O RK 5 T Y 4 DR T2
(1], HPERAKFIKHE,2015(4) :138-142.
SHAO Qing, ZHOU Jingchun, WANG Junlu, et al. Research on
preparation technology of ceramsite with fly ash and sewage sludge
[J]. China Rural Water and Hydropower,2015(4) :138-142.
YR, VIR, 2505, S R IR R 4 iR B 2 LR L T BT
FELI]. AR TR 22224l ( B ARBHA ) , 2008, 22 (6)
54-56.
DONG Cheng, XU Kejing, LI Fang, et al. Preparation of light -
weight porous hadites using fly ash[ J]. Journal of Shandong Uni-
versity of Technology ( Natural Science Edition),2008,22(6):
54-56.
X, AR I R A, A5 R SRR T R 5 fLAR M 1Y
HHSAEBEFEL ] W KA, 2016,50(5) :335-339.
LIU Jingjing, LI Yuanbing, LI Yawei, et al. Correlation of ther-

distribution of insulating

21

mal conductivity and pore size



2020 4F55 6 HH

www.chinacaj.net

ik 4 4 H# K

%26 &

[31]

[32]

[34]

[35]

[37]

[38]

[39]

22

refractories[ J]. Refractories,2016,50(5) :335-339.

ZEgh BN G BRI P4 11 5 B O A 3 5 K A B R SE [ D ]
5 B TR, 2010.

LI Meng. Preparation of new type of non—bumed ceramic and
using it treating domestic sewage research[ D ]. Qingdao; Qingdao
University of Technology,2010.

JAITE V. G o8 S e 4 1 e Wi L R 14 I i B v B R WF 5T
[ D] B BB, 2017.

ZHOU Jingchun. Research on the development and application
technology of the unburned and burned sludge ceramsite filter
[ D].Wunhan; Wunhan University ,2017.

e TR 1o AL R A S by A TR WAL P ] 5 K JH B A 1 RE AU
FELD]. M 7 PERHE R, 2019.

GAO Shuyan. Preparation of high — porosity sintering — free fly
ash ceramsite and its thermal insulation properties[ D]. Liuzhou
Guangxi University of Science and Technology,2019.

WU Huiqin, ZHAN Teng, PAN Rongjun, et al. Sintering — free
preparation of porous ceramsite using low—temperature decompo-
sing pore former and its sound—absorbing performance[ J]. Con-
struction and Building Materials,2018,171:367-376.

Wik, X2 B kL ] 2 PRI ST R [ T]. BRI RE, 2013, 41
(5) :45-47.

YANG Jie,LIU Xueying.Progress on the preparation of ceramsite
[J]. Building Energy Efficiency,2013,41(5) :45-47.

ZHAO Hailong,LIU Fang,LIU Hanqiao,et al.Comparative life cycle
assessment of two ceramsite production technologies for reu-
sing municipal solid waste incinerator fly ash in China [ J].
Waste Management,2020,113:447-455.

SHI Yifei, LI Yue, YUAN Xueliang, et al. Environmental and hu-
man health risk evaluation of heavy metals in ceramsites from mu-
nicipal solid waste incineration fly ash [ J]. Environ Geochem
Health ,2020, http : //doi.org/10.1007/s10653-020-00639-7.
B, RIS TR A 2 AL PR Y ] g b ALES R T 4
WEFE L], J7 PR 2240 (HARBE2E R ) , 2018, 43 (6) :
2292-2298.

HUANG Huansheng, WU Huiqin, ZHANG Teng, et al.
Preparation of porous sound absorbing ceramsite and controllable
pore structure[ J]. Journal of Guangxi University( Natural Science
Edition) ,2018,43(6) :2292-2298.

2RISR GBI IR WAL 1 o) 25 B HC A PR 48 1t w1 1z
FE[D]. B H B RS, 2006.

LI Fengqin. Preparation of unbaked fly ash ceramsites and appli-
cation research in anaerobic biofilter[ D]. Nanchang: Nanchang
University ,2006.

RITIB, W% , 20, 24 B R S e Aoy MR Wl L g 4 o8 K% 17
WAL, REEL,2017(5) :59-61.

ZHU Wanxu,FENG Lei,ZHOU Hongmei, et al. Analysis on the

development and application of a new type of ash haydite[]J].

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Concrete ,2017(5) :59-61.

PINEZ BRI IS WAL ) i e b G A 0 B 25 S A A 125
K NO BRI IRTSE[ D). &5 . 7 B3 TR, 2010.

SUN Xia. Preparation of sandwich ash ceramsites and application
research in biofilter for nitric oxide denitrification[ D]. Qingdao:
Qingdao University of Technology,2010.

A RIS B, GF. S b R R AT D BAF SR Ak
BRI K[ )], PR SR, 2011,34(8) :73-75.
PENG Weihua, GUI Herong, XIANG Xian, et al. Application of
fly ash porous ceramsite to wastewater treatment| J]. Environmen-
tal Science & Technology,2011,34(8) .73-75.

ARGEHE, TR, TEARST YBEIK th] SebE PR RO SRR AT S [T ]
4K ,2007,30(2) :73-75.

Z0U Zhixiang, ZHANG Yu, DONG Zhongbing, et al.
Experimental study on preparation of non—sintered ceramsite from
fly ash[ J]. Coal Conversion,2007,30(2) :73-75.

ARIE X BH A= Ry BEIR S e b R ] o S OF o 43 ) R K Ak
BE[J]. BREE TR 2% ,2013,7(10) :4054-4059.

ZOU Zhengyu, LIU Yangsheng. Preparation of non—sintered ce-
ramsite from coal fly ash and its performance on heavy metals re-
moval[ J]. Chinese Journal of Environmental Engineering,2013,7
(10) :4054-4059.

KRB PRk, 2R b R SRR DRI (7], b
J7 Ll K241, 2002, 14 (1) :93-96.

ZHU Hongjun,GAO Zhenlin, JIANG Demin, et al. Study on non—
burning fly ash building ceramisite [ J . Journal of North China
University of Technology,2002,14(1) :93-96.

BB AUB IR S8 FRL ) i 2 K FCAE BAF H i B BF 52
[D]. PE/RIE BRI Lol R, 2012.

HUANG Xu. Study on the development and application in BAF of
the new unburned fly ash ceramsite[ D]. Harbin;Harbin Institute
of Technology,2012.

I, B, XT3, A% R AT A SR 4 B TR S b B 1)
W [J]. BREE AL #2741, 2013,45(2) :36-40.

QIU Shan ,HUANG Xu, LIU Zishu, et al. Utilization of straw ash
as an additive for making unburned fly ash ceramsite[ J]. Journal
of Harbin Institute of Technology,2013,45(2) :36-40.

XUPHIE  BOACE VAR 55 k) B UIe sdpe s i ) 4 5 1
REFRALLT]. A4 JEA",2019,42(1) :100-103.

LIU Danni, DAI Youzhi, XU Youze, et al. Preparation and charac-
terization of unburned ceramsite fom water treatment residuals
[J]. Non—Metallic Mines,2019,42( 1) :100-103.

Fe PRI TR ZR G R BUIR B R S L[ )] i
K ,2020,26(4) ;:31-39.

JIANG Long. Comprehensiveutilization situation of fly ash in coal—
fired power plants and its development suggestions [ J]. Clean

Coal Technology,2020,26(4) :31-39.





