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Table 1 Composition analysis of fly ash washing solution

% K/(g-L™") Na/(g-L7")

Ca/(g-L7")

Pb/(mg-L~1) Zn/(mg-L71) As/(mg-L71)

/a\

i 13.08 11.07 24. 87

125.95 1. 46 1.08
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Table 2 Analysis on the change of Ca>* content
in fly ash water washing stock solution and fly

ash water washing impurity removal solution

IKVERW, RIS/ Ca®* ik FeCl-HCLHM

K% G5 )

(g'L7") (g L7') /% WREET/(mol-L7!)
R 1* 24.87 23. 64 4.95 1.2-1.0
R 2% 24.87 23.54 5.35 1.0-1.0
R 3*  24.87 22.94 7.77 1.0-2.0
R4t 24.87 22.80 8.21 1.0-3.0
R 5* 24. 87 22.87 8.05 1.0-4.0
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Fig.2 Effect of boiling reaction time on morphology of calcium sulfate hemihydrate whiskers
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Fig.3 Effect of settling time on morphology of calcium sulfate hemihydrate whiskers
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Fig.4 Effect of n(Ca’*):n(SO; ) concentration ratio on morphology

of hemihydrate calcium sulfate whiskers
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Fig.5 SEM of the product under comprehensive experimental conditions
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Table 3 Composition comparison between the finished product of hemihydrate calcium sulfate whiskers

and the product prepared by test %
Ab2E 2 R Ca0 K,O0 Na, O PhO 7Zn0 CdO CoO As
i 38.31 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
TR 77 37.95 0.3 0. 67 <0.01 <0.01 <0.01 <0.01 <0.01
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Fig.7 Thermogravimetric analysis results of products under comprehensive experimental conditions

PR R K . B A B F, 7E 250 ~ 300 C
TO B ARE A K B ) 2K i, R T 5. 71% ; DSC iy
LR AR TR IR B Y RS Ak A ) 20 L R B, TG
)45 5 i AR AL A DSC ) PG I T | 16 R AT H i
XF L, DSC B AE X B DX 8] () 5 KAE A - 3.299 mW/
mg , FED G 2 1) 2 2 KO IR 55 o 280 19 45 it 7K 5 TR A
RN FE 297.7 C W PR W E, B 5 TR R T
93.83% Ay HeL PRIS(H 93. 8% , 1 W il £ 119 7= iy
S LK IR ER S o
3.5 [EfENER

XoF 7K Y8 T R ) 5 L TR 5 it A0 A1 0 S 1) 3 VTR
AT B il S5 R L3R 4. R4 B R,
TK PRSI B B iR 8. 65 o/ L, i BV A B
TN 0.418 6 ¢/L, A 15 Ca®* [a[ it R Ny
95.16% ,

F4 Ca’ R
Table 4 Recovery of Ca”*

o IRV Ca® " YR/ U8 Ca Y ¥R/ R/
G (gL (gL %
Bl 8. 65 0.418 6 95.16

4 4hig

AREANGE ORI BRI %) b BN K B BR S i 20
(TS AR ZE B, 05 75 ZERTRHIC L o i 1sF ) |
I PEDXH S R 2 W), A5 S e AR A5, 2 n (5 55
) n(BRERIRE 1) =125, W AF ] 1 h, #% B 047
L5h &0FT,Ca® IR A5 F] 95.16% . il &1
K BRIR S f MR 5], K AE 30 ~ 100 pum, B
BAE2 ~7 pum , KAR AT 3K 40, § 20098 B2 K, Tl /2 it
PR i AR E (DB43/T 1155—2016 ) Hr2f2 7K i B2 45
M AL BT R o AR LA AR RR , BB AT
G T LA ARA ™, 2 O IK B %) A 31 R 5 5 A )
PR T —Fh g B8 AL

E =3

SRR MSWI OB Mt h & [ b 5 42 ) 1 g
P EHERA, 2021.
GUO Yucheng. Research on granulation desalination of MSWI fly

(1] WE5EID . fRM

ash and solidification of heavy metals[ D]. Xuzhou; China Univer-
sity of Mining and Technology, 2021.

AR SR e OB 5 BT B S s e LB D .
et e R, 2021.

ZHAO Shizhen. Mechanism of pollutant control and glass ceramics



- 110 -

T E A & s A

Ze T ASIME

made from MSWI fly ash[ J]. Beijing: University of Science and

Technology Beijing, 2021.

ash in cement kiln for reuse[ J]. Environmental Protection Sci-

ence, 2012, 38(4) .1 -5.

[3] JEMRWE, skEF, 2k, 55 Al BIRAERE CIRALE ¥t Ik (8] FIdndh, FIJGHE, 2, 4. CO, ERRBIRIESE CIOKBEWR +
FIHBEELT]. RE SR, 2020(10) : 84 -85. Pb R Zn M T L[ T]. HEERFHFFE, 2012, 25(7):
PANG Junfeng, ZHANG Jianping, QIN Miao, et al. Research on 809 -814.
disposal and resource utilization of domestic waste incineration fly BAI Jingjing, YAN Dahai, LI Li, et al. Process conditions of Ph
ash [J]. Energy Conservation & Environmental Protection, 2020 and Zn removal from washing solution of municipal solid waste in-
(10) . 84 -85. cinerator fly ash by CO,[J]. Research of Environmental Sciences,

(4] nRese. sKUEE VpmIAL B A I B3R AR WIRI A XER[T]. 7K 2012, 25(7) : 809 -814.

Je T, 2020(S1) : 51 -52. (91 EEX, Wik, £4F5E, & AT EKE LT
YE Yingying. Difficulties in the project of cement kiln collabora- SERELT]. JTHLER Tk, 2017, 49(1) ; 10 - 14.

tive disposal of domestic waste incineration fly ash [J]. Cement WANG Yanfei, YANG Jing, WANG Jingying, et al. Progress in
Engineering, 2020 (S1): 51 —52. evaporation of high-salinity wastewater from coal chemical industry

[5] WANG Xuexue, LI Aimin, ZHANG Zhikun. The effects of water [J]. Inorganic Chemicals Industry, 2017,49 (1) 10 - 14.
washing on cement-based stabilization of MWSI fly ash[ J]. Proce- [10] EJH, M5, BFRER, & AR5 CROK R &
dia Environmental Sciences, 2016, 31 440 —446. BRG], R 2ER, 2017, 37(6) : 2218 —

(6] WWR¥, #/hHT, AR A2 FP0EE 2R KR IR T E 2222.

ZIEIEFE )], Tdb Tl k22 E4k, 2019, 48(3) : 21 -26. WANG Xu, LU Shengyong, CHEN Zhiliang, et al. The removal

FAN Qingling, GUO Xiaofu, YUAN Junsheng. The removal of of chloride from washing leachate of MSWI fly ash[ J]. Acta Sci-

heavy metals in fly ash leaching solution by chemical precipitation entiae Circumstantiae, 2017, 37(6) ; 2218 -2222.

[J]. Journal of Hebei University of Technology, 2019, 48 (3) . [11]  shkfi, F30FE, FVKH, 2. WA IS B ke KR rp g

21 -26. BT[], BRI, 2017, 37(6) ; 2223 -2231.
(7] Bk, &EYE, FokE. b KK IR 2 1B be vt IR AL Ak %k HAN Dajian, WANG Wenxiang, SUN Shuiyu, et al. Potassium

WL BESCIRRITET]. RGP BLAE, 2012, 38(4): 1 -5.
LING Yongsheng, JIN Yiying, NIE Yongfeng. Experimental study

on washing pretreatment process for calcinations of incinerator fly

salt water leaching from municipal solid waste incineration (
MSWI) fly ash[J].
(6) 2223 -2231.

Acta Scientiae Circumstantiae, 2017, 37

Preparation of hemihydrate calcium sulfate whiskers by washing

solution of municipal solid waste incineration fly ash
LI Huiying'?, JIANG Simin'?, FANG Hongsheng’, WANG Wenxiang'**
PENG Jihong*, CHEN Lu', WANG Xiaoyang’
(1. Department of Environmental Engineering, Guangdong Polytechnic of Environmental Protection Engineering,
Foshan 528216, China;
2. Foshan Engineering Technology Research Center for Safe Disposal and Comprehensive Utilization of Hazardous Wastes,
Foshan 528216, China;
3. Guangdong Zhihuan Innovative Environmental Technology Co. Ltd, Guangzhou 510031, China;
4. Chongging Yisen Stone Environmental Technology Co. Ltd. , Chongqing 401121, China;
5. Material Analysis and Testing Center, Jihua laboratory, Foshan 528200, China)

Abstract: The annual production of incineration fly ash in China has exceeded 1 x 10" t. Before utilization of fly
ash resources, it needs to washing. The main metal components of fly ash washing solution are NaCl, KCl, CaCl,
and other heavy metals. In this paper, hemihydrate calcium sulfate whiskers were prepared by adding sodium
sulfate and crystal growth agent cetyltrimethylammonium bromide by removing impurities, detoxification and
removing heavy metals from ash washing solution. The process combines the preparation of calcium sulfate
hemihydrate whiskers and the treatment process of fly ash washing liquid by using an improved atmospheric pressure
method. The effects of material ratio, boiling time and settling time on hemihydrate calcium sulfate whisker

products were investigated. The results show that the recovery rate of Ca’* can reach 95. 16% under the conditions



2023 48 H 554 AR AT AR 3 B BRI R 95 >1 K BRBR 1 i A0 - 111 -

of n( calcium ion): n(sulfate ion) =1:5, boiling time 1 h and settling for 1. 5 h; the prepared hemihydrate calcium
sulfate whiskers can meet the composition requirements of hemihydrate calcium sulfate whiskers in the standard of
calcium sulfate whiskers ( DB43/T 1155—2016) ,and the products are uniform in appearance, with a length of 30
~100 wm, a diameter of 2 ~7 um, an aspect ratio up to 40, and a high density of whiskers. The process has the
advantages of low production cost, environmental friendliness and easy industrial production, which provides a new
solution for treatment and resource utilization of fly ash washing liquid.

Key words: incineration fly ash; ash washing liquid; heavy metal removal ; hemihydrate calcium sulfate whisker;
rinse activation; remove impurities by washing; utilization of resources; liquid waste disposal
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