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ABSTRACT With the introduction of an ultralow emission policy for the steel industry, nearly 70% of the steel enterprises in China
have integrated desulfurization, denitrification, dust removal, and collaborative treatment transformation. The semi-dry desulfurization
process, which mostly uses CaO or Ca(OH), as the desulfurization absorber, has produced large amounts of desulfurization
byproducts—desulfurized ash—which is difficult to resource. Relevant data show that China annually produces approximately
20 million tons of semi-dry desulfurized ash, which is the third largest solid waste in China. At present, the treatment of semidry
desulfurized ash is mainly based on stockpiling, leading to increased land occupation. Semidry desulfurized ash has the characteristics of
slow hydration reaction, strong alkalinity, and high content of metal impurities, and long-term stockpiling also causes environmental
pollution; therefore, the resource utilization of semidry desulfurization byproducts has become a hot research and practical issue in the
environmental field. This research team conducted in-depth research on the oxidative modification of flue gas desulfurized ash from
Shougang and Tanggang circular fluidized bed (CFB) and dense phase tower (DFA). The mineral phase composition of the desulfurized
ash mainly includes CaS0O5-0.5H,0, CaSO,, CaCOs3, and Ca(OH),, which are slightly different from those of the wet desulfurized ash
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(the main composition is CaSO,4 2H,0). The average particle size of the desulfurized ash is 7.252 pum, with a median particle size (Ds)
of 4.521 um, and 80% of the particles are in the range of 1.039-16.162 um. The specific surface area is 2.25 m*-g ', the specific surface
area is relatively large, and the particle size of desulfurized ash by the spray drying absorption method is significantly larger than that of
the CFB and DFA methods. The main physical characteristics of the desulfurized ash are as follows: water content, 0.02%—0.36%; bulk
density, 0.85-1.0 t-m>; bulk density, 0.55-1.0 t-m*; true density, 2.25-2.69 t-m>; and compacted density, 1.4 t-m . The desulfurized
ash particles are of various sizes and mostly irregularly shaped small spheroids with many pores and pore diameters in the region of
0.1-0.2 pm. This article presents the results of systematic characterization of the physical and chemical properties of semidry
desulfurized ash, modification, and industrial application; systematically analyses the main directions and progress of research on the

resource utilization of semidry desulfurized ash in iron and steel enterprises and other semidry desulfurized ashes; and proposes that the

modification of desulfurized ash, such as the oxidation of CaSO5-1/2H,0 to CaSO,, is one of the important means to achieve resource

utilization. In addition, the use of semi-dry desulfurized ash to prepare various new materials can facilitate resource utilization.

KEY WORDS sintering; pellet; calcium based semi-dry method; desulfurized ash; utilization of resources
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Table 1 Classification of desulfurized ash

Source

Type

Flue gas sources

Desulfurization process

Sintering FGD ash, pellet FGD ash, coking FGD ash, etc.

CFB FGD ash, SDA FGD ash, DFA semi-dry FGD ash, new integrated (NID) FGD ash, etc.

Integrated flue gas sources and desulfurization processes CFB sintered FGD ash, CFB pellet FGD ash, DFA sintered FGD ash, DFA pellet FGD ash, etc.

Notes: FGD represents the flue gas desulfurization.

(1) BB LA 23 AT

AR AR T 2007 A B4 AR K — ok R T
PRI FE4) . i T B o e O b B R A T
R W/ g RN N G MR T EAR 2 NS R i W3

8 B I R S A 3 A S 12 3 I A 7] LA
Ko JI w5 &I 77 # (4n CaS0,-2H,0 Hil CaS05-0.5H,0)
LB K . AR, 38 0] DL ) /0 e B o 202,
F FBOER AR 23 B AU DEA ¥ [l 45 R AR HEAT 4



BROR i 55 A ERAT b 8% 4 3 JB i e 9 L R o

- 569 -

A, Z5 R0 1.

6

W
T

Differential distribution/%

(=)

0.1 1 10 100 200
Particle size/um

B 1 R AR A

Fig.1 Particle size distribution of desulfurized ash
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Fig.2 SEM images of desulfurized ash at different magnifications
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Fig.3 XRD pattern of desulfurized ash
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Table 2 Components of desulfurized ash from different steel mills %
CaSOy/ . K,0/ KCl/ .
Sources SO; CaO CaSO, SiO, FeO, Na,0 MgO ALOs TiO, CaCl, NaCl  CaO ClI"  Others
Shougang Qiangang Sintering 5, ¢ 415 gs5 08 04 085 197 048 —  —  — 231 1535
(DFA)
Shougang Jingtang pellet (CFB) ~ 30.1  50.5 — 0537 0224 0.103 0.648 0372  0.083 — — — 105 6933
Shougang Jingtang Sintering - - - - o
South (CFB) 254 541 0.522  0.654 1.54 0347 2.44 3.34 11.657
Shougang Jingtang Sintering
North (CFB) 327 50 — 0723 031 0524 093 0847 0738 — — — 283 10.398
Anshan “‘(’ggg[iﬁeel Works 2043 331257 094 058 0853 219 031 021 094 6320033 — — 2693
A steel mill in Baowu (DFA)?! 15 367 8.9 649 941 — 352 475 — — — 24 — 1283
A steel mill in Baowu (DFA)*!  16.62 48.38 — 941 075 — 215 43 0.19/0.18 — — —  1.06 16.96
Natural gypsum™” 37-44 17-35 —  0.7-3.502-08 — 12-43 04-1.04 — — — - = =
Notes: The sources no references are self-tests.
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Table 3 Composition analysis of the final oxidation products of CaSO, %
Ingredients Loss CaO SO; SiO, Fe0O;3 ClI NayO MgO K,0 ALO, Full sulfur Oxidation rate/%
Before oxidation 1535 415 491 655 08 231 040 085 048 197 32.97 —

After oxidation

1417 399 3036 630 0.77 242

039 082 046 1.89 31.70 94.82
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KF T MU0 (458 B 55 9. X 2 85 DL Tk &
T8 JEURHIE T B 58 A b ), 45 2 JRURHC L B A
TR 53 50 30% ~ 40%, By MK 35% ~ 45%, i A7 i
8%, 7K BHEC EL 0.58, FR I [H] 24 10 h, i £ 19 2% Tk
TG 54 GB11968—2006 B F5 it BO6 AU E K. T
B A S U0V ] R i BT B U A AR S o A
A PR ZE TR Ak, LA A B AN R 3 209 (5 2 43850
BF 2B 77 28 it A9 5 25K, 25 BB K o 1t 4 450 i
30% B 23 5% ) 7= b B M. 9% 55 i A U R T Ak
FRS R AR AR K R T 28 O AR B 6k B,
AT DL R AC % B i 1 8 i 4 18 RN S 48 R 40, TR i) 42
5 A% HU I B0 R M R R DR R B B L 1 i A T R

sk FLAETY T 78 35 o B i T 2098 1 AR K
SRl DA BT I |« 48 b i RS 1 i
FERR SR LK 25 ¢ 45 ¢ 30, 7 Bt R 5 BE B e Al
ik 30 MPa, H BUAS LUKy BE IR Bt AG 15%. B4 ™ %)
3 JBE A K ] £ 11 2% I AR B R etk AT M
WFST, ST T 22 B PR 28 %6 il 4% 28 R < TR B 4 )
HMEBE T2 (W52 . A 52 58 U4 0o B0 A o A
JReh e i) £ £ SUSE FE R, AT DA HE OB i K
A B R I 2 5 — o R AN N ) A US) i a2
BBLAR K CaSOs #E4T T AL 4k, £ 7= 1 728 1%
fi% BE 1k 3] 1C239—2001 0 1 K % YMU10 58 JiF 55
% . PRI I B Ktk 4 78 s s 5 R LA AT AT, 1B
F o KB 1 550 DL R i 7 Bk AR R PR T
IR A K i £ 2% R0 5 A 1 e

(4) BERH ATl H At .

2 1 R K 6 A 7= K R R R L K U A
filz b, W] LU A 7= s SR G MR ZZEER . A
T 2 A AL A S B S

e T3k I B R S 2 KO B RS T A K | BR R
5 S5 A AL B ) BBy IR IR AW, TH A IR S R
SR NN K G, 45 % A2 2Rk 8 A s o i s iy A= i 7k
R RERRES, DT ™= AR 5 5, HLAT B SE A4 R FH 1 2
WAATPETS. 4 L5k AU R ) AR AT R SR
il & T S K B T B L BT
AE T BB AR, 15 4% Ak PRI I B3 Jc il 2%
HH A TR A R A R A A [ AR TR
WE L B A, E Bl s SR B 4G I ) FE K, ) —
10 ~ 20 h, ZEEE 30 ~ 60 h, £ 2 5 K U870 5% 50
FH e 45 > 1k JB B 2 AR 43 I R S il A
BB B}, 48 2% T 3 EON 15% B 77 254~ 15 10
) 5 B 8 R T 48 4 0 i 43 Bk 20% B ) e
A 3 ek 2 Y 8 2% I R 0 B 209% 2= 1k AR K I
il A B AR, 7 d TSR IE KT 24 MPa, 28 d
PR3 R ~ 37 MPa. 8 %2 %5 52048 % I Bt K il
A HE A B A Ak I P LT 2 B B e o TR
Ji) 2 S R Y e B T i A AR A K TR IT Y
Eb AN LR 3 1/3. 2 i iR A5 5 R e A e g T
BRAE S K e 5 i R, a5 2 0 A S R Uk B S
WA, i E o EAT A O I R 5 AR W
X BUAT AR IR AT O, 3 e A RS 3R A A fk A
S5 T B B K R T, B T R AT Y e
FRE I ZAS A 180 T 2~ AL K T 1 s o A AR B b
b, T4 7 I, 28 d B R 5% 2y 8.4 MPa. Wang
EWUR ISR TR A R R S
WO BT R () A B, 25 AR, Sl A ALk
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WO R 5 L B A R A A, BB KA 3K
7 F1 28 d Pi R 5 JE 43 51 0] 3k 20 Al 22.3 MPa, Hif
MR S SR IR A AT P R B Li ST S T
RSB I T3S TN £ o) Ry SR DR YR 4 - v B 5 D R e
A i (Con) WIS, TS IBEAR JC AT /)N I
FALEE, ME A TR, $2m i sk YR
T3, FRIEAR Cpge 17 2F 1 170 THT 52 M, DA 7T SEE 28 J65 1okt 7y
K.
2.2 RAAEF=SUE A E

IR0 O R A ) 4 L I R A 2 B 4 T A -
R LU R R T K R S N, 3 A D
. Hoh, Ca, Mg, Al Fe. S, K, P, Mo, N, Mn %
JCE AL AR - e s SR BB A R S A ) A
P T BB AE.

ER 0K 1 R MR [Tz o0 A Y 4
TR, AT AR 9.5%107 hm?, (5 4 BR BN AL A 3T 25%.
i B K S A R Ca? R LU e ER Bt P
Na™52 8RB 4 i el K, HL XA 4 6 25 8 1E A, a8
VI ) % il RN 2 F Az v R L AR K Ry
o H DL 1 8 6 b i R 745 Clark 25V DAk I A
W Th & A CaO B CaCO; 2508 MY I, ] Fi T rp
A R TR P, [R)B 3A0  48 A6 A 9 2 K Ir 7 1 1
HOTER, M AR A 52 I AR BH 1k = w1 5
(RO 2 . TGS K 2t v B B Pk, T 3 A O A ALSO, B
RERAL & Py X MW 1 s v, WP RRPE H A 5. H
A, H R M R R A2 Ol 2.04x10° hm?, H
H 5.6% A TET AR N He S50 F T A1 5
A1 R AE Ry P ) 55 0 K AE — IR EE T B,
MM S AR K AT LAAT A5 4 pH, 3 + 1 rh
R QTN N N N R i 3 (3 SR €
AR AN I MR BE , [ IRER S K R A W Y e i 2R
A8 I RR 7 3t 4 374 A 5 A A I A % ¥ U1 A A AL
[ 44 1 7 ) ELAT B AR AR L A 3008 e k2% fifk 1 e
T A R 7E SR D AR B P R K E R
T35 Ve B9 LTS G P Fn 9 SR B (Can i ) 19 7
LN T YRR R K T Y P, NiL Cr Y B s
B XEY) ECE S s E, LR IRA R
21 Sloan %P9 1E 3 mx4.5 m Ay M - R A 548
B A5 HEAT THEIE, K BRBLAR K 76 A 23 %) 8 W 6t
FIVPR 5 0T f 3 B . WA K AR Sy A S R B
ANBEUE B, T E MG R A A b, A e
AR K FEAE PO He 5602 A1) 4B be /2 1 1 i
SR B A R KA R TR A A S
JIi 4 i (MFGDR) , ] A7 204 55 1= 38 pH. A 250wk
R AR | AR R RO A, BR AR

AL Cd A B3R B i, S A FORERL P £ 43 0 B
T 11.2% ~ 29.2% 1 16.9% ~ 26.0% H.7K & K1 Hi
Hg. As Fll Pb ¥ Ji 1} % P& L. Sengsingkham %57 7]
FH AR SR 2 0 TE LA 2 0 e o 2 [ i A R b
A o, A R W R A 0 1) R AR 0 A
5% ~ 25% Fl 5% ~ 30%. 25 R0, + 3 i i 15 5
U, pHAE M 5.7 2 5 7.37, BEAR T R A,
AR TRy AL,

23 HitWASHE

T WA A g IR IR AR . K b B
TG UC VR BRI S 205 T, 5 Ak, A AR ZFE R
Tk AR ) 25 45 AR A RE, £ E T BRI
AR,

PP K & & CaO. Ca(OH),, CaCO5 LM
CaSO; S0l P 1 5T, A B2 Al , ] LAVE A i M <,
ISR A R WS ) B A AR B R K R 2%30 MW R
POARAER TR b, A3 i AR R H A i
A KA AT IR IR IR A, 2 A 11 SO, Ji Mk
KT 150 mg-m 0, PRARACE K T 95%. 22115 26
W AR K 5 A KA TR G & AR R0, LA K 48
Jo R A BN A 30% BB AR R AR E . S N
B BESE T SDA B K B A KA Ak,
FERE R 30 °C . KA ] R 10 min, pH 2k 5 B 4%
PR, AR A B R f A, B K JE 1k 58 X
A KA R WA SR A, AR B S o o g 3 4R
£ 30% ~ 40% 2 [H] N 23 B Wil A0 AT T i .

KA e = A TR HHEK (AMD) B K
A A, 15 Y AR SR A R W R, 2Tk
A K B A AR K g A 5 2%, AT LA BR i R P
SRR NI T8 s, i B A m e, 4K AT
Hi5 i, 2 A AMD R MK, IR, gk /e s
9% B it T 09 44 8. Rudisell 2510 25 X6 B #7t K [0]
W AT T O A A SR, & R K BE
AR R A 1 K W HE Y sl B S I KO £
Hb TG e, B PR R L B K SCHb R A5, ST LB
P R AR R e NV o 3R W A R
T, A k.

23 AT K H A IV A IR R T LA DU K
(1 Cr(VI), P50 b st 4 5 v i, 38 2 DT UE K BR
Cr, SZPE LR WA B B (. T 25 00 YE AR & 45
K HF A 0.06 g-mg ' B & K B, 7K A Cr( VD) T &
el 10.00 £ Z 0.18 mg-L ', R IE 98%. K&
70 A5 USRI R S A TR 6 7R B A K Ak B R B A 7
()5 % R K, EBRIR AR 5 75 M 4% VE H, B 75 0 4% 5
TR JE R =M, =TS I A A A AN AR R
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TRERLF2ER, 26 46 5, 55 3 1

Cr(OH); L VE, CaSO; Fl Ca(OH), &5 47 145 55 1 5
JBE 7K H B RS T B A R CaF, TUUE, JImA 22 35 51
BN e (PAMD J& , R 30 3 9 2 B PR T
VE, SEBLK [ 4y B, 38 B R K AL B H Y. Fang
SE0O AR R IR 25 B R K R B L, Cr(VT).
& Cr Fl V5% B8 ot 2 Wk FE 43 901 o 0.163. 0.395 Fll
0.155 mg-L', JF FIMLHR &I 7™ 90 A 8 6l 45 1 B R 5
mm 2, B UTVE 15 Ve 48 b MR I T AR A 8 WU (CryO5
B2 R 83%), 1% T2 S/ S B T R W e
TsAk, Wl T 6 IR B Gt

e 2 B AR K X T e AT — 1R TR AR
TE A 5 TR K PE RE Y R L. B A 20007 & Bl
IR K EL AT AT A BRI T K A sk B B T, L
0 00 B o 01 8 - NN 1 I R SR
YEH, BB 4> K 2@ IR (EPS) Pi5 é 2 i ik
BIHE AWM, WKt CaO fiE M8 75 I 9 ks 26 1
R, R 2R R BESR, AR TG U 22 4R i 1S KR
TURE, 33X SRR 235 ) F AR i B8 /55 15 Ve 1 i /K
PERE, 1 5 4 0 A K 55 H A g o 16C 65 R B9 Dl 2K
SO0 F I A I Bl B, G B K —FeCly B4 T
67 3 41 W2 K I (] B 98%, U8 F 2 7K AR 16%;
5L AR LA JK —FeCly 16 A AT i B 7K 2 B2 42 5 83%,
JI 7K R B R R 15%; HL i A JK —FeCly 1R & i3
A A Y5 306 I 7K T R 4R R 92%, KRR B 4 15%.
£ BH 5 008 3 s me 1 gy Tk A5 B R S U R A
52 Ik v £ 44 (PUWU) A R IR] | e 2k i 0
JI B K A% hn & 4y B oA 35 s, 1.25 mL-100 mL™" Al
2 g-100 mL™', ¥5 IR ULRE Hb KT 30%, B K PERE 15 3
HH I o3 Ay ) A A U000 Sl ok B A A e R B A
FRAE 5 U8 19 B 7K ZaR3AI, DT 3k B EL IR AR off . TR 22
4 U0 Y JI5E B K B A 6 5 U, (TS U L BHLR R
47%, V5 Ve RLAE I8N, K 1 RE 4 .

Zhao ZEMMAF5Y T be 45 WA K % Bk SRR A
B4 2 N7 AL T o e 4 R 5 1 e A DR Jo e A L
FBEEE TR A IR TR K 30.4% . BRW AT 31.7%.
W 11.1%. A7 58 26.8%, 99% 1 5 Jk AT [ g 7]
FH. Zhou %5 M2 SR HI 2 T W SR K, LA A
BREE N R, FE KRG T — 2D i & T B S
mm i, A8 T ¥ EAE/NT 0.8 um, P KAZ K
T 140 pm AR FR A5 fh 0 B . Sun 28013 DL 2
AR A TR, SR FH R e R AR v & LT B R
5 i 20 (CSW), CSW 9 58 £ 3 ~ 22 um, A1 [L
b 25 ~ 80. T AMF AR I HBAR K Y Tk bedh
LR B B R o R W L L N 1 B
R IRBR RS . 7= S AF A Tl B35 40 03 0 TR 4665 7

PR ifE (HG/T2776—2010) K Tl 0 3E Bk FR 5 7= i A
1 (GB/T2226—2000) A 1. 75 35 AR A F) H A
T8 T 0 R A R BT R ) B, AT R R Tk
F| 11 MPa, W 7K 30 80% Zc 47 . Zhou ZE MO J T
FERR R A 7= b R TPl 9 )2 Tk B 4 i S K
A b 3545 SO, B T2, K J1 . IR EE A&
SRR K 3 CaSO; 43 i 1 e B I &, AR
149 R 4t RS 8 LB A 1T CaSO; 1943
fiff, VT HESEBRBRER 0 T A SRR

3 FFEETmKEINEARE

(1) 25 1 BB B L 52 BLRE R /AN —, T
AR AR, SR HA S B 0.1~ 0.2 pm 42
A fLIE 5 JURE S5 48 LL AN B, 3 AKCRAR; B Y AH 2
WA EAUFE CaSO5-0.5H,0, CaSO,. CaCO;, Ca(OH),,
H K& MgO. ALO; il SiO,, it 4 /> i 1) Fe,05 Fll
Na,O 555 HAKG W) 20 1t e Ho 491 52 J00 R I It it
T2 REaAT TALSF ALK, CaS05-0.5H,0. CaO,
Ca(OH), R AT E, 75 5 1225 Kb R A 218 4 Ak
5 CO, KA.

(2) 2T B K B FH T2 7oK e B 3 L 7k
Ye F il it A1, i FHF A2 77 SR A AR S EER
N8 bR RIAR I 4, L2 T I N A% S 3 )
BB TV AR R . H R, AR R S XK e R A 2%
HEPERE W AT AU, T R B 2 AT R EEAE R U
RERY, BB K B 22 BEAE I, B T A K P T
i 45 5 7 TR 65 ) 5 e K R 28 0 IR i, o AR K
AT M, 1% CaS0O;-0.5H,0 %k CaSO, 4252
MGEIRAN A TRz —.

(3) 2 1 1 B A W ARe A 1 4 3 A o A A 2
4y, UHJEE & Ca, Mg, Al, Fe, S, K, P, Mo, N,
Mn 450 FR AIAE R s IR o, DT T 4
B R R, Bk TN E LA . K AL BE L VS
Ve R AF 2 07 10, 734, A AR EH R T
AR K ) 55 Z RO AR ORL, e T BRI A

A

2 % X #t

[1]  National Statistical Office. 2021 national economic and social
development ~statistical ~bulletin [EB/OL].  (2022-02-28)
[2022—12-23]. https://baijiahao.baidu.com/s?id=1726005152208
486329&wir=spider&for=pc
(EZRGR. 2021 4F 6 &5 fitt o & RG24l [EB/OL).
(2022-02-28) [2022-12-23]. https://baijiahao.baidu.com/s?id=
1726005152208486329&wfr=spider&for=pc)

[2] Ministry of Environmental Protection of People’s Republic of


https://baijiahao.baidu.com/s?id=1726005152208486329&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1726005152208486329&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1726005152208486329&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1726005152208486329&wfr=spider&for=pc

BROR i 55 A ERAT b 8% 4 3 JB i e 9 L R o

- 575 -

(3]

(4]

(5]

(7]

(8]

[10]

[11]

[12]

China. ‘Waste gas’ in environment statistics annual report
[EB/OL]. (2019-05-29) [2022-12-23]. http://www.mee.gov.cn/
home/jrtt_1/201905/t20190529 70484 1.shtml

(rhAe N RN [ A R B4 0. 2018 rp [ AR S FRBOR B A i
[EB/OL]. (2019-05-29) [2022-12-23]. hitp://www.mee.gov.cn/
home/jrtt_1/201905/t20190529_704841.shtml)

Ministry of Ecology and Environment of the People's Republic of
China. 2020 Annual report on ecological and environmental
statistics in China [EB/OL]. (2022-02-18) [2022-12-23].
https://www.mee.gov.cn/hjzl/sthjzk/sthjtjnb/202202/t20220218_9
69391.shtml

(e N R [ A 25 PR AR AR, 2020 4F b [ A= IS PRI S 14T
i [EB/OL]. (2022-02-18) [2022-12-23]. https://www.mee.
gov.cn/hjzl/sthjzk/sthjtjnb/202202/t20220218_969391.shtml)
Guangming Net. Achieving milestones! China’s 145 million tons
of steel production capacity completed ultra-low emission
transformation [EB/OL]. (2022-03-15) [2022-12-23]. https:/
m.gmw.cn/baijia/2022-03/15/1302846405.html

OB BBy B R 3R 1.45 A2 080 4% B 58 B A1
il [EB/OL). (2022-03-15) [2022-12-23]. https:/m.gmw.
cn/baijia/2022-03/15/1302846405.html)

Zhou L, Liu Y, Luo L Y, et al. Improving the removal of fine
particles by chemical agglomeration during the limestone-
gypsum wet flue gas desulfurization process. J Environ Sci, 2019,
80: 35

Deng, Ansart, Baeyens, et al. Flue gas desulphurization in
circulating fluidized beds. Energies, 2019, 12(20): 3908
Febrisiantosa A, Ravindran B, Choi H. The effect of co-additives
(biochar and FGD gypsum) on ammonia volatilization during the
composting of livestock waste. Sustainability, 2018, 10(3): 795
Wang Y M, Yang X J, Fu P B, et al. Application of gas cyclone-
liquid jet absorption separator for flue-gas desulfurization.
Aerosol Air Qual Res, 2017, 17(11): 2705

Qiu Z Z. Experimental study on preparation of aerated concrete
block by dry desulfurization ash. Brick-Tile, 2018(11): 115
(S AIR Fr . R 32 B0 K ] 48 I TR BB L B ) 1 T
%L, 2018(11): 115)

Wei R F, Zhu Y L, Zhou D, et al. Impurity removal and
hydrothermal heterogeneous cryogenic rapid oxidation of semi-
dry desulfurization ash from iron ore sintering flue gas. Chin J
Process Eng, 2021, 21(8): 951

(B &, RETE, M, 5. BRI BEAS M0k ik BB K B 2
ok Al AR AR R PR L. o R TR 2R, 2021, 21(8):
951)

Feng Q B. Study on calcium sulfite flue-gas gypsum producing
high strength environmental painted gypsum. China Concr Cem
Prod, 2013(2): 57

(5 % SO T 5 28 G B A 2= 7™ e iR P DR B3 il £ )
e L LSRR, 2013(2): 57)

Shi T, Li Z X, Guo J, et al. Research progress on CNTs/CNFs-

modified cement-based composites—A review. Constr Build

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Mater, 2019, 202(30): 290

Shi L, Xu P Z, Xie K Z, et al. Preparation of a modified flue gas
desulphurization residue and its effect on pot sorghum growth
and acidic soil amelioration. J Hazard Mater, 2011, 192(3): 978
Guo B, Bian J F, Ren A L. Study on oxidation of calcium sulfate
in the desulfurization ash of semi-dry sintering flue gas. Environ
Pollut Contr, 2009, 31(7): 1

(R, T HUR AR RS 2 TR Be S A BT K I A R 5 4
EE. FREEIG AL S B fR, 2009, 31(7): 1)

Zhou X F, Lang C Y, Chen X P, et al. Influence of activator on
microstructure of the desulfurization ash cement. Bull Chin
Ceram Soc, 2015, 34(5): 1435

A%, REERHE, PR/, A5 O BRI I X 7K Je RO &+
RN, TERRER M AR, 2015, 34(5): 1435)

Bian J F. Study on the Modlified Process of Sintering Flue Gas
Desulfurazation Ash by Circulating Fluidized Bed [Dissertation].
Shijiazhuang: Hebei University of Science and Technology, 2009
CFROR ARFR AL RGeS 0 SRR B R e T 2050 [ 40038
3] ARE: WHERHEIR, 2009)

Duan S Y, Liao H Q, Cheng F Q, et al. Investigation into the
synergistic effects in hydrated gelling systems containing fly ash,
desulfurization gypsum and steel slag. Constr Build Mater, 2018,
187: 1113

Li X D. Study on comprehensive utilization of desulfurization ash
and its application in cement production in our factory.
Guangdong Build Mater, 2013,29(5): 7

(ZE AR BEBRIRER &R IR S AT /K YR AE 7= v it .
JAREEH, 2013,29(5): 7)

Hu W. Study on Preparation of New Wall Materials by
Desulfurization Ash and Slag [Dissertation]. Maanshan: Anhui
Universit of Technology, 2018

G . IO I 55 U 5 ] 45 B A BB B I 5T [ 2008
3. HhERIL: ZRCRA, 2018)

Dong J Y, Zhang T T, Fu Y P, et al. Research on development
and performance of new green wall foamed bricks. N Build
Mater, 2019, 46(7): 67

(FHWRE, KK, (T4, . Hils a5k R e i 5
PERERTSE. BTRLELSIMRE, 2019, 46(7): 67)

Sun P H. Study on characteristics of dry desulfurization ash from
dense flow absorber. Environ Eng, 2019, 37: 739

(FMHEHE. AR BE T IE BB R BORFYERIESY . BRI TR, 2019, 37:
739)

Li X L, Jin Y C. Study on sintering technology of semi dry
sintering flue gas desulphurization ash // Proceedings of the 11th
CSM Steel Congress. Beijing, 2017: 275

(ZE/INTH, 4 93 . 2T 12 Be 2l R SUBLAR IR (] B 25 HOARBIF 5T
1 — i T E A BRAE 2B DU dbat, 2017: 275)

Bao Z Y. Comprehensive Utilization and Major Characteristics
of Different Types Ashes after Desulfurization [Dissertation].
Wuhan: Wuhan University of Technology, 2006

(L IETE. AR RS ar s 1) E A5 K PR AR TR Y [ 2


http://www.mee.gov.cn/home/jrtt_1/201905/t20190529_704841.shtml
http://www.mee.gov.cn/home/jrtt_1/201905/t20190529_704841.shtml
http://www.mee.gov.cn/home/jrtt_1/201905/t20190529_704841.shtml
http://www.mee.gov.cn/home/jrtt_1/201905/t20190529_704841.shtml
https://www.mee.gov.cn/hjzl/sthjzk/sthjtjnb/202202/t20220218_969391.shtml
https://www.mee.gov.cn/hjzl/sthjzk/sthjtjnb/202202/t20220218_969391.shtml
https://www.mee.gov.cn/hjzl/sthjzk/sthjtjnb/202202/t20220218_969391.shtml
https://www.mee.gov.cn/hjzl/sthjzk/sthjtjnb/202202/t20220218_969391.shtml
https://m.gmw.cn/baijia/2022-03/15/1302846405.html
https://m.gmw.cn/baijia/2022-03/15/1302846405.html
https://m.gmw.cn/baijia/2022-03/15/1302846405.html
https://m.gmw.cn/baijia/2022-03/15/1302846405.html
https://m.gmw.cn/baijia/2022-03/15/1302846405.html
https://m.gmw.cn/baijia/2022-03/15/1302846405.html
https://m.gmw.cn/baijia/2022-03/15/1302846405.html
https://m.gmw.cn/baijia/2022-03/15/1302846405.html
https://doi.org/10.1016/j.jes.2018.07.013
https://doi.org/10.3390/en12203908
https://doi.org/10.3390/su10030795
https://doi.org/10.4209/aaqr.2016.12.0574
https://doi.org/10.3969/j.issn.1001-6945.2018.11.032
https://doi.org/10.3969/j.issn.1001-6945.2018.11.032
https://doi.org/10.3969/j.issn.1001-6945.2018.11.032
https://doi.org/10.3969/j.issn.1001-6945.2018.11.032
https://doi.org/10.12034/j.issn.1009-606X.220223
https://doi.org/10.12034/j.issn.1009-606X.220223
https://doi.org/10.12034/j.issn.1009-606X.220223
https://doi.org/10.3969/j.issn.1000-4637.2013.02.014
https://doi.org/10.3969/j.issn.1000-4637.2013.02.014
https://doi.org/10.3969/j.issn.1000-4637.2013.02.014
https://doi.org/10.1016/j.jhazmat.2011.05.102
https://doi.org/10.3969/j.issn.1001-3865.2009.07.002
https://doi.org/10.3969/j.issn.1001-3865.2009.07.002
https://doi.org/10.3969/j.issn.1001-3865.2009.07.002
https://doi.org/10.16552/j.cnki.issn1001-1625.2015.05.048
https://doi.org/10.16552/j.cnki.issn1001-1625.2015.05.048
https://doi.org/10.16552/j.cnki.issn1001-1625.2015.05.048
https://doi.org/10.1016/j.conbuildmat.2018.07.241
https://doi.org/10.3969/j.issn.1009-4806.2013.05.002
https://doi.org/10.3969/j.issn.1009-4806.2013.05.002
https://doi.org/10.3969/j.issn.1001-702X.2019.07.017
https://doi.org/10.3969/j.issn.1001-702X.2019.07.017
https://doi.org/10.3969/j.issn.1001-702X.2019.07.017

- 576 -

TRERLF2ER, 26 46 5, 55 3 1

[24]

[25]

[26]

271

28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Prig 3¢ 1. 3R ILHL TR, 2006)

Zhou T T, Feng X X, Xie Y T, et al. Research on preparation of
unburned planting ceramsite with fly ash and desulfurization ash.
Cem Technol, 2020(5): 99

s, 2205, WoTH, 55 BBEIC-TBLH K i 4 S be e i
BIRIBETE. K PEHEA, 2020(5): 99)

Su Q F. Experimental research on preparing autoclaved brick by
dry desulphurization ash. Brick-Tile, 2017(12): 13

(IR S M) HH 6 0 4 IR ) 8 2 R T 1) i 06 BF 5 . % B,
2017(12):13)

Wu Q, You R R, Clark M, et al. Pb(II) removal from aqueous
solution by a low-cost adsorbent dry desulfurization slag. Appl
Surf Sci, 2014, 314: 129

Ji X K. Utilization and Some Properties of Circulating Fluidized
Bed Combustion Ashes [Dissertation]. Chongqing: Chonggqing
University, 2007

(22 ZE 3. VAL A PRAZRE 161 B i JL AR e R B 5T [ 21038
3] FR: WK, 2007)

Zaremba T, Mokrosz W, Hehlmann J, et al. Properties of the
wastes produced in the semi-dry FGD installation. J Therm Anal
Calorim, 2008, 93(2): 439

Li S, Xu B, Yang Q. Experimental study on road performance of
sintered desulphurization ash asphalt mix. Transp Sci Technol,
2020(4): 124

(R0, I, BRE. BeasBinn I 7 IR S RH I R IR T 5.
SEEEHE, 2020(4): 124)

Liu Z W. Study on desulfurized ash of sintering flue gas as BF
slag cement retarder. Cem Eng, 2010(6): 74

CAVE . Beal MR SR IR AR K Je G BER RIS 7K g
TAE,201006): 74)

Bigham J M, Kost D A, Stehouwer R C, et al. Mineralogical and
engineering characteristics of dry flue gas desulfurization
products. Fuel, 2005, 84(14-15): 1839

Ma Y X. Preparation of Ecological Building Materials by Semi-
dry FGD Ash and Process Parameter Optimization
[Dissertation]. Shijiazhuang: Hebei University of Science and
Technology, 2010

(CEh A BE . IR BB I 26 A A A B T 228l [ 225
W] AR AHERHCE, 2010)

Su Q F, Chen Y R, Wu M Z. Experimental study of
desulphurization residues as retarder of Portland cement. Cement,
2014(10): 7

(IR K, Bk B, SRAELE. WUBT K PRk R 7K JE 2 50 A ik
L. KU, 2014(10): 7)

Dong Y, Ren X, Zhang S, et al. Research on oxidation of CaSO;
in dry desulhurizatoin slag. Environ Eng, 2012, 30(6): 95

Yu X Y. 4 Preliminary Study on the Conversion of Semi-dry
FGD Ashes Based on its Characteristics [Dissertation]. Wuhan:
Huazhong University of Science and Technology, 2013

(RO . 2 8 B PR s A 5 2 o B e A1 20 T 5
[ ZAR0EC ] B PRI, 2013)

[36]

(371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

(471

[48]

[49]

Cheng C M, Amaya M, Lin S S, et al. Leaching characterization
of dry flue gas desulfurization materials produced from different
flue gas sources in China. Fuel, 2017, 204: 195

Zhang Y J, Feng G R, Zhang M, et al. Residual coal exploitation
and its impact on sustainable development of the coal industry in
China. Energy Policy, 2016, 96: 534

Zhao X J, Xing Y, JiaJ Y, et al. A study on utilization of sintered
desulfurized slag as cement retarder. Cement, 2012(7): 10

(BATE IR, TRZE, BTt 5, 45 B A B AR AE K e 22 565 1
WIS, KU, 2012(7): 10)

Guo B, Gao J X, Ren A L, et al. Study on preparing cementing
materials with sintering FGD ash. Chin J Environ Eng, 2009,
3(6): 1113

(R, =TT, AR Z e, 55, I TG o I 46 IR e A R A
WFFE. FREE TR, 2009, 3(6): 1113)

Sun P H, Feng X P, Song C Y, et al. The reaction performance
study on compound powder of sinter flue gas desulphurized ash
and slag. Energy Environ Prot, 2010, 24(5): 13

(IMIBHE, 100, KA, 55 BEGHIA BRI -0 1 S5
REVERERIBIESE. REIEFREERYF, 2010, 24(5): 13)

Qian J S, Zheng H W, Song Y M, et al. Special properties of fly
ash and slag of fluidized bed coal combustion. J Chin Ceram Soc,
2008(10): 1396

Song Y M, Qian J S, Wang Z, et al. Self-cementing mechanism
of CFBC coal ashes at early ages. J Wuhan Univ Technol, 2008,
23(3): 338

Wang C Q, Tan K F, Xu X X, et al. Effect of activators,
admixtures and temperature on the early hydration performance
of desulfurization ash. Constr Build Mater, 2014, 70: 322

Li X G, Chen Q B, Ma B G, et al. Utilization of modified CFBC
desulfurization ash as an admixture in blended cements: Physico-
mechanical and hydration characteristics. Fuel, 2012, 102: 674
Su D G, Liu HM, Zhu J H, et al. Effect of desulphurize slag on
setting time of cement. Cement, 2005(5): 1

(TR, XUMERE, SRERNE, S5 0SB R 7K e Bk 435 I ] (1
M. 7KE, 2005(5): 1)

Liu M H, Li H. The experimental study about dry-method
desulphurized ash as cement mixture. J Luoyang Technol Coll,
2007, 17(5): 1

RV BY, 20, T B I AR K PR 5 4 AR IR 5. 1% FH
Tolb S Bl 4], 2007, 17(5): 1)

Lin X X, Ye G R. Study of calcium sulphite FGD by-procuct
used as cement retarder. Coal Ash China, 2003, 15(2): 15

PR fig, BBt HEXR AR AR R 7 i S AR R 5 1= 7K e G 5 Y
5T BiEIK, 2003, 15(2): 15)

Wang W L, Ren L, Dong Y, et al. Utilization of by-product of
gas desulfurization with semi-dry process for Portland cement
retarder. Cement, 2008(3): 1

(E3CHe, HEm, #5, 2. T RN U W3t K Je G2 B 1E
FHBIBEFE. 7K, 2008(3): 1)

Yao J K, Yang L Q, Jiang N P, et al. Effect of calcium sulfite on


https://doi.org/10.19698/j.cnki.1001-6171.20205099
https://doi.org/10.19698/j.cnki.1001-6171.20205099
https://doi.org/10.16001/j.cnki.1001-6945.2017.12.004
https://doi.org/10.16001/j.cnki.1001-6945.2017.12.004
https://doi.org/10.16001/j.cnki.1001-6945.2017.12.004
https://doi.org/10.16001/j.cnki.1001-6945.2017.12.004
https://doi.org/10.1016/j.apsusc.2014.06.154
https://doi.org/10.1016/j.apsusc.2014.06.154
https://doi.org/10.1007/s10973-007-8112-x
https://doi.org/10.1007/s10973-007-8112-x
https://doi.org/10.3963/j.issn.1671-7570.2020.04.029
https://doi.org/10.3963/j.issn.1671-7570.2020.04.029
https://doi.org/10.3969/j.issn.1007-0389.2010.06.025
https://doi.org/10.3969/j.issn.1007-0389.2010.06.025
https://doi.org/10.3969/j.issn.1007-0389.2010.06.025
https://doi.org/10.1016/j.fuel.2005.03.018
https://doi.org/10.13739/j.cnki.cn11-1899/tq.2014.10.002
https://doi.org/10.13739/j.cnki.cn11-1899/tq.2014.10.002
https://doi.org/10.1016/j.fuel.2017.05.016
https://doi.org/10.1016/j.enpol.2016.06.033
https://doi.org/10.3969/j.issn.1002-9877.2012.07.003
https://doi.org/10.3969/j.issn.1002-9877.2012.07.003
https://doi.org/10.3969/j.issn.1006-8759.2010.05.004
https://doi.org/10.3969/j.issn.1006-8759.2010.05.004
https://doi.org/10.1007/s11595-007-3338-9
https://doi.org/10.1016/j.conbuildmat.2014.07.095
https://doi.org/10.1016/j.fuel.2012.07.010
https://doi.org/10.3969/j.issn.1002-9877.2005.05.001
https://doi.org/10.3969/j.issn.1002-9877.2005.05.001
https://doi.org/10.3969/j.issn.1002-9877.2008.03.001
https://doi.org/10.3969/j.issn.1002-9877.2008.03.001

BROR A 55 - BERAT Ml 815 B2 kB AL K

BERAL A 2

- 577 -

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

the hydration of cement. Cement, 2001(11): 1

(W ny, A RIRE, 36471, 45, TEBRRRE5 % /K Je K ALtk e i 52
M. 7K, 2001(11): 1)

Lagosz A, Malolepszy J. Tricalcium aluminate hydration in the
presence of calcium sulfite hemihydrate. Cem Concr Res, 2003,
33(3):333

Motzet H, Pollmann H. Synthesis and characterisation of sulfite-
containing AFm phases in the system CaO-Al,0;—SO,-H,O0.
Cem Concr Res, 1999, 29(7): 1005

Tao Z D, Geng H R, Yang Z X, et al. Study on using
CaS05:0.5H,0 flue gas desulfo-gypsum as retarder. Cem Eng,
2004(6): 11

(MR, BabR, e, 5. RS IR U8 1 22 it
FIRIBESE. KIETAR, 2004(6): 11)

Wang X, Yan B L, Liu C, et al. Study of the influence of calcium
sulfite on cement performance and its optimization disposal. Bull
Chin Ceram Soc, 2010, 29(6): 1421

CEWr, Bl =2, X, 55, AT ERES X5 7K e v e 52 i KR 1k
Trkgs. EREh R, 2010, 29(6): 1421)

Martin-Sedefio M C, Cuberos A J M, De la Torre A G, et al.
Aluminum-rich belite sulfoaluminate cements: Clinkering and
early age hydration. Cem Concr Res, 2010, 40(3): 359

Chen I A, Juenger M C G. Incorporation of coal combustion
residuals into calcium sulfoaluminate-belite cement clinkers. Cem
Concr Compos, 2012, 34(8): 893

El-Didamony H, Heikal M, Khalil K A. Characteristics of cement
pastes containing sulphoaluminate and belite prepared from nano-
materials. Constr Build Mater, 2013, 38: 14

Pan H Y. Utilization of fly ash and desulfurization residue. China
Coal, 2000, 26(1): 59

(R LTHE. RN AR A, RS, 2000, 26(1): 59)
Chen Y K, Bao Z Y, Long S Z. Utilize desulphurized high-
calcium slag as cement raw material. Cem Eng, 2006(4): 10
(B, ALIE TS, Je o, m e hea b AR K U JEORL R B 5.
K T2, 2006(4): 10)

Wang W L, Dong Y, Ren L, et al. Experimental study on the
conversion of desulfurization residues to
cement. Chin J Environ Eng, 2008, 2(6): 835
(E3CTe, 355, AT, 55 ) B be i 60 IR
KaESE. PRBE TR, 2008, 2(6): 835)

Wang Y C, Li J] H, Wang H L. Preparation of sulphoaluminate

sulphoaluminate

K Peiyik

cement clinkers from wet flue gas desulphurized slag. Environ
Sci Technol, 2010, 33(5): 129

CEF, 2540k, k. Mk O ik il & i 50
5. R 5HIR, 2010, 33(5): 129)

Ren L. Experimental Study on Sulfoaluminate Cement Production

BRER KU A S

with Semi-dry FGD By-products [Dissertation]. Jinan: Shandong
University, 2009

(R 2T R B ™ ) b il B 21
ALY 1. BFRE: LIZRK2E, 2009)
Ren L, Wang W L, Zhang H Y, et al. Pilot test of sulfoaluminate

RRER K e BRI IT [ 2

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

cement production using the semi-dry desulfurization residues. J
Power Eng, 2009, 29(3): 302

(N, £3C0e, At &5 T EBGK
1 . 301 TR, 2009, 29(3):302)
Xia Z R, Lin J, Chi Y W, et al. Hydrothermal solidification

P B AR R R K e

mechanism of calcareous materials and resource utilization of
desulfurization ash. Glass Phys Chem, 2020, 46: 53

Gong G Z, Ye S F, Li J H, et al. Study on CaSO; and CaO as
additives of slag cement. Adv Mater Res, 2013, 634-638: 297

Hu S G, He Y J, Lu L N, et al. Effect of fine steel slag powder on
the early hydration process of Portland cement. J Wuhan Univ
Technol, 2006, 21(1): 147

Gao X Q. Investigation on the Utilization of Desulfurization Ash
as Walling Material [Dissertation]. Maanshan: Anhui Universit
of Technology, 2013

(R 2R, 21T B DL K TE B (b sk o () B BT 5Y [ 2208
3C 1 T TR, 2013)

Li P X, Zhang Z G, Wang Z, et al. Autoclaved brick from semi-
dry flue gas desulfurization slag. Fly Ash Compr Util, 2010,
23(6): 44

(B, sk, T, 45, F R BR B 78 6% . B
WA FI, 2010, 23(6) 44)

Fu Y L, Mu Y, Zhao F Q. Semi-dry desulfurization ash
modification and application in autoclaved brick. Adv Mater Res,
2012, 549: 762

Liu S X, Wang Y L, Wang W D. Research on preparation of
autoclaved aerated concrete block with desulfurized fly ash and
slag. Coal Ash,2012,24(3): 4

AR, ERIA], TR, R BB IR i i 45 28 TR
SRBEL WIS, BIBEIK, 2012, 24(3): 4)

Wang X D, Zhang Y L, Cao G T, et al. Application of pulverized
coal slag & CFB desulphurized fly ash in steam-curing bricks.
Fly Ash Compr Util, 2011, 24(4): 43

(EBHE, sk Tk, BHESE, 55 BB KGR i A6 R 5 4
B KTEZIR L PRI, BBERER G A, 2011, 24(4): 43)
Liang BR, Song C Y, Mao Y N, et al. Manufacture of autoclaved
aerated concrete using FGD ash as calcareous material. Tech
Equip Environ Pollut Contr, 2012, 6(4): 1358

GRS T, RAF L, BYIYE, 55 BB A4S b Bl 4 78 i
IACIREE LA P, PR TR, 2012, 6(4): 1358)

Wang H M, Wang F, Zhang F. Experimental study on semi-dry
FGD residues for brick making. Res Environ Sci, 2004, 17(1): 74
(FLLH, E L, TR, TR R B aE K ik SEIR BT 3R8
Bl 2004, 17(1): 74)

Zhang F, Wang F, Liu Y, et al. Study on the comprehensive
utilization of semi-dry and semi-wet flue gas desulphurization ash
// Building Materials and Green Building. Chonggqing, 2009: 420
R L, EIL, XITF2, 55, 2 T2 A0 UL R 55 RIS
IR SR O, hE K, 2009: 420)

Yang H, Wang Z Q, Zhan B G. Modification of desulfurization

ash and its effect on properties of slag based filling materials. Met


https://doi.org/10.3969/j.issn.1002-9877.2001.11.001
https://doi.org/10.3969/j.issn.1002-9877.2001.11.001
https://doi.org/10.1016/S0008-8846(02)00957-2
https://doi.org/10.1016/S0008-8846(99)00082-4
https://doi.org/10.3969/j.issn.1007-0389.2004.06.002
https://doi.org/10.3969/j.issn.1007-0389.2004.06.002
https://doi.org/10.16552/j.cnki.issn1001-1625.2010.06.039
https://doi.org/10.16552/j.cnki.issn1001-1625.2010.06.039
https://doi.org/10.16552/j.cnki.issn1001-1625.2010.06.039
https://doi.org/10.1016/j.cemconres.2009.11.003
https://doi.org/10.1016/j.cemconcomp.2012.04.006
https://doi.org/10.1016/j.cemconcomp.2012.04.006
https://doi.org/10.1016/j.conbuildmat.2012.07.098
https://doi.org/10.3969/j.issn.1006-530X.2000.01.019
https://doi.org/10.3969/j.issn.1006-530X.2000.01.019
https://doi.org/10.3969/j.issn.1006-530X.2000.01.019
https://doi.org/10.3969/j.issn.1007-0389.2006.04.003
https://doi.org/10.3969/j.issn.1007-0389.2006.04.003
https://doi.org/10.3969/j.issn.1003-6504.2010.05.030
https://doi.org/10.3969/j.issn.1003-6504.2010.05.030
https://doi.org/10.3969/j.issn.1003-6504.2010.05.030
https://doi.org/10.1134/S1087659620010228
https://doi.org/10.4028/www.scientific.net/AMR.634-638.297
https://doi.org/10.1007/BF02861494
https://doi.org/10.1007/BF02861494
https://doi.org/10.3969/j.issn.1005-8249.2010.06.015
https://doi.org/10.3969/j.issn.1005-8249.2010.06.015
https://doi.org/10.3969/j.issn.1005-8249.2010.06.015
https://doi.org/10.4028/www.scientific.net/AMR.549.762
https://doi.org/10.3969/j.issn.1005-8249.2011.04.015
https://doi.org/10.3969/j.issn.1005-8249.2011.04.015
https://doi.org/10.3321/j.issn:1001-6929.2004.01.017
https://doi.org/10.3321/j.issn:1001-6929.2004.01.017
https://doi.org/10.3321/j.issn:1001-6929.2004.01.017
https://doi.org/10.19614/j.cnki.jsks.201811038

- 578 -

TRERAZE, 5 46 5, 54 3 M)

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

Mine,2018(11): 193

(B3, Takam, AR, BT (¥ e B O 1 v ik e k)
PERBRRE AL, 4R a7 10, 2018(11): 193)

FuY L, Mu Y, Zhang Z G, et al. Modification of semi-dry flue
gas desulfurization ash and its application. Environ Sci Technol,
2013,36(2): 155

(PRI, BRER, TR, 45, 2 TR UBB Rt BT BR
BBl 53R, 2013, 36(2): 155)

Chen Y R, Lai Y Q, Fan W D, et al. Application research on dry
FGD by-product used as subgrade materials. Fly Ash Compr Util,
2018,31(4): 78

(B Hi, %R, Y0 AR, 45, TR K
FHBETE. BB IKERG R, 2018, 31(4):78)
Yang S J, Xia D T, Yuan W X. Experimental study based on ash

R TR i S A

in power plant to produce green mortar. Constr Technol, 2018,
47(18): 102
(BT ¥k, 2 H, JU30H. T I s 4t b I it g
W, i 4R, 2018, 47(18): 102)
Wang Z. Study on Properties and Utilization in Building
Materials of Bottom Ashes from Circulating Fluidized Bed
Combustion [Dissertation]. Chongqing: Chonggqing University,
2002

B YA R AR IS e e 1 B A B IRAR I 5T [ 2078
3. Em: PR, 2002)
Burwell S M, Kissel R K, Bland A E, et al. Fluidized bed
combustion ash concrete // 12th International Conference on
Fluidized Bed Combustion. San Diego, 1993: 847
Wu M. Application of sintering dry desulfurization ash in
recycled stone subgrade materials. China Resour Compr Util,
2017,35(8):47
IR P25 TR IR I TE TR A A B HE AR o 1
LEARIH, 2017, 35(8): 47)

H. o E B

Chen Y K, Zhu T S. Study on preparation of geopolymer by the
FGD residues. China Resour Compr Util, 2008, 26(3): 15
(R L, 2R AR IBEARLAK I T 2 0 ) SR A AORHIAF . o
[ TR A, 2008, 26(3): 15)

Chen J. Characteristics and Utilization of Roadbed Soft Soil
Improved with the Desulfurized Fly Ash in Construction Highway
[Dissertation]. Nanjing: Hohai University, 2007

(L2 JBUBR K B B B R AR R A P 90 S TR [ 2038
3C ). BEAL: TR, 2007)

Zhou W, Jiang Z W, Gu W F. Study of the application of dry
FGD ash as admixture of concrete. Coal Ash, 2017,29(1): 4
R4, 95 IER, WU B R AE R EE T 158 8
T, BHEIR, 2017, 29(1): 4)

Li J Y, Huang D X, Xu D, et al. Experimental and properties
research on desulfurization ash floating bead mortar for external
thermal insulation and sound isolation. Fly Ash Compr Util, 2018,
31(4): 65

(TR, TOTERE, TR, 5. RSB ISR MR PRl b 75
HIH 5 RAERERT S, MR IKEE B A, 2018, 31(4): 65)

[85]

[86]

(871

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

Wu Q S, Ma H E, Chen Q J, et al. Effect of silane modified
styrene-acrylic emulsion on the waterproof properties of flue gas
desulfurization gypsum. Constr Build Mater, 2019, 197: 506

Xue Y J, Li X H, Hou H B. Study of preparation of new
controllable low-strength material with desulphated slag. Coal
Ash, 2009, 21(2):20

CHRARAN, 2Ny, Pt ke MR IR I ) 48 3 28042 o P4 i P A
BB ﬁ:k%)k 2009, 21(2): 20)

Li C Z, Jiang L H. Effect of flue gas desulfurization gypsum
addition on critical chloride content for rebar corrosion in fly ash
concrete. Constr Build Mater, 2021, 286: 122963

Mao Y M, Li X P, Dick W A, et al. Remediation of saline-sodic
soil with flue gas desulfurization gypsum in a reclaimed tidal flat
of southeast China. J Environ Sci, 2016, 45: 224

Clark R B, Ritchey K D, Baligar V C. Benefits and constraints
for use of FGD products on agricultural land. Fuel, 2001, 80(6):
821

Guo X L, Shi H S. Thermal treatment and utilization of flue gas
desulphurization gypsum as an admixture in cement and concrete.
Constr Build Mater, 2008, 22(7): 1471

Ritchey K D, Korcak R F, Feldhake C M, et al. Calcium sulfate
or coal combustion by-product spread on the soil surface to
reduce evaporation, mitigate subsoil acidity and improve plant
growth. Plant Soil, 1996, 182(2): 209

He J Y, Shi L. Modified flue gas desulfurization residue
(MFGDR )-A new type of acidic soil ameliorant and its effect on
rice planting. J Clean Prod, 2012, 24: 159

Niu H P, Li S R, Shen J F, et al. Advances in the utilization of
mixtures of fly ash and biosolids in soil amendment. Earth
Environ, 2006, 34(2): 27

CRAEN, ZRREse, R IE, 55, By 58 TR PLERIE 9
T ek R 3R oI . HhBR 5 55, 2006, 34(2):27)
Wang J, Ni W. Solidification of soil with industrial solid wastes.
Met Mine, 2010(6): 186

CERE, 30, JLRP T A3 F s L A VR . s
11, 2010(6): 186)

Sloan J J, Dowdy R H, Dolan M S, et al. Plant and soil responses
to field-applied flue gas desulfurization residue. Fuel, 1999,
78(2): 169

Dong W J, Xu P Z, Zhang R Z, et al. Effects of soil amendments
on soil properties and population quality of rice in cold
waterlogged paddy field. Chin J Eco Agric, 2013, 21(7): 810
GERZE, TRIA, SR, 5. 300 IR R4 s F 1
FK A RE AT 5 1 2 . v [ AR S 0l 24 4z, 2013, 21(7):
810)

Sengsingkham T, Trung Phan N, Tiyayon P, et al. Application of
biochar coupled with FGD waste for waste management in
agriculture improvement. /OP Conf Ser:Earth Environ Sci, 2019,
268(1): 012042

Xia C J, Liu X L, Mo J S, et al. Applied research of semi-dry
desulfurization ash in wet FGD. Environ Sci Technol, 2016,


https://doi.org/10.19614/j.cnki.jsks.201811038
https://doi.org/10.19614/j.cnki.jsks.201811038
https://doi.org/10.3969/j.issn.1003-6504.2013.02.032
https://doi.org/10.3969/j.issn.1003-6504.2013.02.032
https://doi.org/10.3969/j.issn.1003-6504.2013.02.032
https://doi.org/10.3969/j.issn.1005-8249.2018.04.021
https://doi.org/10.3969/j.issn.1005-8249.2018.04.021
https://doi.org/10.3969/j.issn.1008-9500.2017.08.019
https://doi.org/10.3969/j.issn.1008-9500.2017.08.019
https://doi.org/10.3969/j.issn.1008-9500.2017.08.019
https://doi.org/10.3969/j.issn.1008-9500.2008.03.007
https://doi.org/10.3969/j.issn.1008-9500.2008.03.007
https://doi.org/10.3969/j.issn.1008-9500.2008.03.007
https://doi.org/10.3969/j.issn.1005-8249.2018.04.017
https://doi.org/10.3969/j.issn.1005-8249.2018.04.017
https://doi.org/10.1016/j.conbuildmat.2018.11.185
https://doi.org/10.1016/j.conbuildmat.2021.122963
https://doi.org/10.1016/j.jes.2016.01.006
https://doi.org/10.1016/S0016-2361(00)00162-9
https://doi.org/10.1016/j.conbuildmat.2007.04.001
https://doi.org/10.1007/BF00029052
https://doi.org/10.1016/j.jclepro.2011.11.065
https://doi.org/10.3969/j.issn.1672-9250.2006.02.004
https://doi.org/10.3969/j.issn.1672-9250.2006.02.004
https://doi.org/10.3969/j.issn.1672-9250.2006.02.004
https://doi.org/10.1016/S0016-2361(98)00135-5
https://doi.org/10.3724/SP.J.1011.2013.00810
https://doi.org/10.3724/SP.J.1011.2013.00810
https://doi.org/10.1088/1755-1315/268/1/012042
https://doi.org/10.1088/1755-1315/268/1/012042
https://doi.org/10.1088/1755-1315/268/1/012042
https://doi.org/10.3969/j.issn.1674-4829.2016.02.006

BROR i 55 A ERAT b 8% 4 3 JB i e 9 L R o

- 579 -

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

29(2):25

CREEI, XK, SRR, 45, 21 TR IR I 7 12 I At 77 1T
RIS, FREERHY, 2016, 29(2): 25)

LiZQ, Ye T, Liu X Y, et al. Research on the desulfurization
performance of desulfurization fly ash-limestone mixture
absorbent. Guangdong Chem Ind, 2018, 45(14): 83

(R, W, XA 98, 55 FET AR K+ AT IR 3 A A Y
JBmPEREDTSE. | AR AL T, 2018, 45(14): 83)

Lu L J, Kang L C, Li L K, et al. Study on influences of SDA
desulphurized ash produced by wet desulphurization on limestone
dissolution characteristic. Wuhan Iron Steel Corp Technol, 2017,
55(2): 40

OFTRA, FER SR, 2, 45, B 20T SDA JBsE KX
BRAT RIS, BUANEAR, 2017, 55(2): 40)

Rudisell M T, Stuart B J, Novak G, et al. Use of flue gas
desulfurization by-product for mine sealing and abatement of acid
mine drainage. Fuel, 2001, 80(6): 837

Wang M, Wang Z X. Treatment of chromium-containing
wastewater from iron ore sintering flue gas desulphurisation ash.
Environ Protec of Chem Ind, 2017, 37(2): 243

(EA, . B £ Beas A B RAL B & 55 K. AL T3
#,2017,37(2): 243)

Zhang Z J, Su D G, Zhong M F, et al. Treatment of aluminium
profile chromizing wastewater using calcium sulfite typed flue
gas desulfurization residue. Light Alloy Fabr Technol, 2009,
37(11): 24

RN, IR, B0, 45 SV R 55 BB R A SRR A4 A=
PER SRR, A N THOR, 2009, 37(11): 24)

Fang D A, Liao X, Zhang X F, et al. A novel resource utilization
of the calcium-based semi-dry flue gas desulfurization ash: As a
reductant to remove chromium and vanadium from vanadium
industrial wastewater. J Hazard Mater, 2018, 342: 436

Chen W, Chen Y, Xing Y, et al. Combined effect of
desulfurization ash-FeCl; on sludge dewatering performance.
Chin J Eng, 2015, 37(9): 1239

(BRER, BRI, TIRZE, 4. AR K -FeCly A 1R HIBEE 5 T ik
PERE. TRERLE#4R, 2015, 37(9): 1239)

Chen W, Xing Y, Chen Y, et al. Effect of ozone—desulfurization
ash-FeCl; on sludge dewatering performance. Environ Eng,
2016, 34(3): 121

(B, 828, Bk H , . Os— BT K —FeCly BR-G VR BEXH5 Je itk
PERERISEI. PRI TR, 2016, 34(3): 121)

Chen W, Xing Y, Chen Y, et al. Effect of electrolysis—

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

desulfurization ash-FeCl; on dewaterability of sludge. Chem
Reag, 2016, 38(5): 399

(BREE, TRZE, KA, 45, L AL JK—FeCly 162 I8 x5 Je i
JKPERERYSZIA. 462410, 2016, 38(5): 399)

Tai M Q, Dong K. Improving dewatering performance of sludge
by PUWU, potassium ferrate and desulfurization ash. J Nanyang
Inst Technol, 2020, 12(2): 54

(5135, HER. PUWU. w8k RN R B K B0 15 e B K P RE
RS, e B T 22 Be 2407, 2020, 12(2): 54)

Yang G Y. The Study of Desulphurization Ash Combined with
Microwave Irradiation Improve the Sludge Dewaterability
[Dissertation]. Guangzhou: South China
Technology, 2011

(b A TG -5 bl 6 S A TR A P e 45 D8 Tk PE RE A
FE[AAOESC ] )TN A B TR, 2011)

Xing Y, Hong C, Zhao F. Dewatering performance of sludge
modified by desulfurization ash. CIESC J, 2013, 64(5): 1810
OmZe, W=, WL, JBERR K I8 BEXT {5 Y B K P RE RS2 . 1k T
2412, 2013, 64(5): 1810)

University of

Zhao J, Su H, Zuo H B, et al. The mechanism of preparation
calcium ferrite from desulfurization gypsum produced in
sintering. J Clean Prod, 2020, 267: 122002

Zhou D, Wei R F, Zhu Y L, et al. Calcium sulfate whisker one-
step preparation using semi-dry flue gas desulfurization ash and
directional growth control. J Clean Prod, 2021, 290: 125754

Sun H J, Tan D Y, Peng T J, et al. Preparation of calcium sulfate
whisker by atmospheric acidification method from flue gas
desulfurization gypsum. Procedia Environ Sci, 2016, 31: 621
Wang M, Jiang S H, Jin W J, et al. Study on the resource
utilization of semi-dry sintering flue gas desulphurization ash //
Proceedings of 2015 Annual Meeting of Chinese Society for
Environmental Sciences. Shenzhen, 2015: 293

(EAM, LT, SPUR, 55, TR Beas UK B TR 1L
FUHBEFE /0 R PR B2 2 2 AR AR 2R 3. B, 2015:
293)

Su D G, Zhao Y. Preparation of ceramics from desulphurization
slag and waste stone powders. J South China Univ Technol Nat
Sci Ed, 2010, 38(7): 117

(TRIBAR, X5 R FHFBER i K 5 I3 B2 A M ] 45 P S . AR
Rt R (EARFIFAR), 2010, 38(7): 117)

Zhou J N, Ding B, Tang C, et al. Utilization of semi-dry sintering
flue gas desulfurized ash for SO, generation during sulfuric acid

production using boiling furnace. Chem Eng J, 2017, 327: 914


https://doi.org/10.3969/j.issn.1674-4829.2016.02.006
https://doi.org/10.3969/j.issn.1007-1865.2018.14.036
https://doi.org/10.3969/j.issn.1007-1865.2018.14.036
https://doi.org/10.1016/S0016-2361(00)00157-5
https://doi.org/10.3969/j.issn.1006-1878.2017.02.021
https://doi.org/10.3969/j.issn.1006-1878.2017.02.021
https://doi.org/10.3969/j.issn.1006-1878.2017.02.021
https://doi.org/10.13979/j.1007-7235.2009.11.006
https://doi.org/10.13979/j.1007-7235.2009.11.006
https://doi.org/10.1016/j.jhazmat.2017.08.060
https://doi.org/10.16827/j.cnki.41-1404/z.2020.02.010
https://doi.org/10.16827/j.cnki.41-1404/z.2020.02.010
https://doi.org/10.16827/j.cnki.41-1404/z.2020.02.010
https://doi.org/10.3969/j.issn.0438-1157.2013.05.042
https://doi.org/10.3969/j.issn.0438-1157.2013.05.042
https://doi.org/10.3969/j.issn.0438-1157.2013.05.042
https://doi.org/10.1016/j.jclepro.2020.122002
https://doi.org/10.1016/j.jclepro.2020.125754
https://doi.org/10.1016/j.proenv.2016.02.112
https://doi.org/10.3969/j.issn.1000-565X.2010.07.021
https://doi.org/10.3969/j.issn.1000-565X.2010.07.021
https://doi.org/10.3969/j.issn.1000-565X.2010.07.021
https://doi.org/10.3969/j.issn.1000-565X.2010.07.021
https://doi.org/10.3969/j.issn.1000-565X.2010.07.021
https://doi.org/10.3969/j.issn.1000-565X.2010.07.021
https://doi.org/10.3969/j.issn.1000-565X.2010.07.021
https://doi.org/10.1016/j.cej.2017.06.180

	1 脱硫灰的理化特性
	2 半干法脱硫灰资源化研究进展
	2.1 建材领域
	2.2 农业生产领域方面
	2.3 其他应用与研究

	3 半干法脱硫灰的应用展望
	参考文献

