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Table 1 Main components of fly ash ( mass percentage ) %
WA KCl NaCl CaCl, CasS0, CaCO;  Ca(OH), $i0, MO AL O, Fe, 0,
g 10. 03 10. 89 17.55 5.99 20.75 22.49 2.83 1.20 1.02 0.46

Forp 85 R R LUAALES BRAREY RS | S AL P55
AAAE, MR LU ALE Al A s 55 Ak

48K P M Zn, 5 290. 1% ~1% , HAhELEA
As.Cd,Cr,Cu,Mn Ni, Sh, Hg 55, & &= 7 0. 1%

YIE APE, IR,
K2 N CKPESESEEL, T ERSRE
R2 O WkThHESESE
Table 2 Heavy metal content in fly ash ne/g
3%y Zn Pb Cu Sbh Cd Mn As Cr Ni Hg
Gl 5500 1300 340 260 250 180 120 120 90 13.2

33 R RIRRAR AT IEDL S FHRAE R 4.1 pm, L
FMEFA I 1 944 m*/kg BT RITIE 50% k424
AHAE 6.5 wm ZEdq

3 KBRS

Table 3 Particle size distribution data of fly ash

1.2 E-HERES

KK s e R AR H, 0,90, . CO, % LA
W IE K& 8434043 0 L KC1 NaCl , CaCl, iy £ A&
i IR LA Ca0  Si0, \MgO AL O, N Ay A Lt
BRI 20 CaO , J s, A0S A 7 RV s

SR e F A RBORUE T £ Rl 4 B, — i Si0, \FeO_ Na, O,
T EPRAR/ 4.104 B, O, S AN ARG ALy B k), gl Bl 4 Ak
H AR Y m? kg ! 1944 Yo i Mgk a1 L Si0, (FeO 2
Dv(0)/pm 0.215 L% (23 | Bl = & S N 1 ol S B A N
Dv(10)/pm 1.243 SRS Ho k0 B 5 i s U KR
Dv(50)/pum 6.536 b RE 5 by BB BRI i S IR D [ AL
Dv(90)/pm 28.068 PL 100 g &K R, Hdh H,0 .80, ,CO, %5 43
Dv(100)/pm 205. 647 BRIG BB G REILE 4,
F 4 CORPIERA SR S
Table 4 Residual component content of fly ash after volatilization
AHA JGEN ALt
oy KCl NaCl CaCl, Ca0 Si0, MgO Al, 0,4 Fe, 0,
Fihi/g 10. 03 10. 89 17.55 31,11 2.83 1.20 1.02 0.46
E/ % 26.07 28.31 45.62 84.95 7.73 3.28 2.79 1.25




2025 44 A% 2 1

WRATIESE . BRI Eh i il oy B o F b Aab & - 145 -

LA NaCl —-KCl - CaCl, iy ERIR G AR TE
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SR, A SRR K, i SR 3 15 T P N 4
HIAE 1300 CLATF,

x5 AIARNEEE T B ANZE S (FactSage )
Table 5 Saturated vapor pressure of chlorides at different temperatures ( FactSage)

R/ C 800 900

1 000 1100 1200 1 300

ML RZES E/ atm Y 2.6x107* 1.54 %103

6.69 x10 3

0.0229 0.065 1 0.1593

AV 1 am FR 1 AMEERSIE, 1 atm =101 325 Pa,

1.3 I 5rEHEE

KR R TR Al AR R H, 0,80, . CO, Z8 LIS
BRI L, 10 € ELN Si0, AL O, Fe, 0, % ¥
Jng), mTE A M ER A NaCl - KC1 - CaCl, &AL
YA R CaO - FeO - SiO, — Al O, - Fe, 0,, i i
FactSage 1153 7] $5 WU SR AH ] (18] 1) 9 i AH &
(K2),

Nh(il T
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Fig.1 Phase diagram of NaCl —-KCl -CaCl,

ternary molten salt
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Table 6 Slag type adjustment proportioning scheme

T3 58 KO g K it 2 5 KR/ Si0,/g ALO3/¢g Fe,05/g kg BHIJ7 AR/
No. 0 ( X H&) 50 0 0 0 0 =% 27.9
No. 1 0.75 60.6
No.2 0.85 =% 60.3
50 13.30 2.60 9.70
No. 3 1. 00 61.2
No. 4 0.85 IKHE —

% ,No. 1 ~ No.3 =LA T 153 5 70 85 8.3 (K

2 il EIREA R 51 3), LR R B I (T R iy B | 4 4 B
2.1 EBERPTESSH % Hof No. 2 il B3R EHRJE (6 mm) , 52 (11

KEE No. 0 28 A MR R IEEE - B mm) Ffr,

3R R LUk

3 IR BIRCR (1200 °C L1 h)
Fig.3 Melting and Separation Effect of Slag Salt (1200 C, 1 h)

Wit SIEL IR T IR 8 R, LR ER MR B R EOKRE G R 20 73 W 2l i i T

W Cl K Na CEA WS EEIE,Si Fe SZEN Ko M T No. 2 2581, No. 4 KEEFHEH K,
FERELE BT, R B SR TR B E AL Na Cl A9 & & & 7 3 0k 2> T 75.63% . 38.46%

SRR, 12. 4% ¥ K Na Jai e 3%
7T IEERNS (R A ST
Table 7 Composition of molten salt (mass percent) %
T 5 Cl K Na Ca Fe S Pb 7Zn
No. 1-#h 47.73 14.23 10. 28 14. 86 3.12 0.05 0.05 0.11
No. 2-#h 54. 05 15.53 11.81 14.27 1.44 0.03 0.05 0.08
No. 3-#h 51. 86 14.76 10.91 14.78 2.98 0.14 0. 06 0.17

R8P (BRI )

Table 8 Composition of Slag ( mass percent) %
s Cl K Na S Ca0 Si0, FeO Fe, 05 Pb Zn
No. 0-7#& 11.88 1.49 1. 12 0. 86 57.97 5.95 — — — —
No. 1-7& 5.68 0.38 0.55 0.30 33. 81 30. 57 13.92 3.83 0.02 0.43
No. 2-i# 5.00 0.32 0.52 0.62 34.12 31.14 15. 16 3.13 0.02 0.45
No. 3-itt 4.94 0.49 0. 66 0. 96 34.28 31.22 15. 66 2.84 0.02 0. 46

No. 4-#t 4.38 0. 078 0.32 0. 54 34.90 32.18 16. 36 2.17 0.02 0.41
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Fig.4 Microstructure analysis of slag elements
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Fig.5 Scanning image of sample points
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Table 9 Sample points scanning element content (mass percent) Y%
P Na,0  Mg0  ALO, S0,  CaO  FeO  Zn0  TO,  P,0; al S Ca Fe
1* 0.24 1.91 4.14 41. 87 34.18 16. 36 1.29 — — — — — —
2# — — 2.37 41.85 31.52 24.27 — — — — — — —
3# — — — — — — — — — — 31.51 0.25 68. 24
4* — — 1.6 — 0. 65 96. 98 — 0.78 — — — — —
5# — 1.1 2.51 53.89 21.92 14.24 — 2.07 2.47 1.79 — — —
6* — — — 10.9 49. 43 1.6 — — 30.78 1. 652 — — 3.17
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9 15.98 g.42.76 g( S5 i SR H 60. 3 g A
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Zn SFICRIEASARY LI (K 10) .

S MR A 2 H T B R 85 43 i B T SO, 51 AR 1Y
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R0 ATURIE RPN TARR B

Table 10  Proportion of volatile elements entering the gas phase %0
TTHE cl K Na Fe S Pb Zn
No. 0 ( X H#& ) 70. 68 84. 16 85. 40 — 65.97 — —
No. 2 (ilFE) 4.69 0.25 1.42 10. 68 61.72 74.55 25.38
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Zn B 42 40 5 600 R 4 0 A T
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NN E (5 Ry
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= 60
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2% 40
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0
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Be6 —#h—EAMPAITR I LH](No. 2)
Fig. 6 Distribution ratio of each element in

gas-salt-slag phase (No.2)
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a2, KRR 5 4 R 2 R AL T e R R iR
Y BB HIE ( GB 5085. 3—2007 1% B 4y 4 il s o
BREEEEN) , KR Mk E R & ITERE N Pb,
Zn Cr, WOBBEESAL T 5 4 8 5 vk B (A T 4%
IR (GB/T 41015—2021 [FI44 5 4y 35k 3 A ek 3 7
PIEAREER) | s Eh R o B I K B B AL s o Ph
Zn SHEAT I 0. 02% 0. 41% , 246 I /K R v
1 Pb Zn Cd Cr As S HE 4 BT R R B EHE L3
AL IR . 5 F0RE KA L, Pb Zn  Cr —FpJT
BRI v B (H ik 2 B AR, B 9 J31)35 1) 99. 48%
90. 00% .72.00% .

RA1 KR KR I EEPERS L

Table 11 Comparison of toxicity of granulated slag and fly ash leaching mg'L_]
HEJHITR Pb Zn Cu Ni Cd Cr As Hg
15 19 B 5 e P BR 1l . ( GB 5085. 3—2007) 5 100 100 5 1 5 5 0.1
TCIKBRIZ R 1.93 0.16 0. 003 0. 003 0. 001 0.15 0.003 0.003
YA RRIR e B BRI {5 ( GB/T 41015—2021) 0.3 1 1 0.2 0.03 0.2 0.1 —
TR TR 1 W <0.01 0.016 — — <0.01 0. 042 <0.01 —
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Fig.7 Process flow for collaborative disposal of ash and slag

F 12 JKIEUELS E YR
Table 12 Material balance for collaborative disposal of ash and slag
PN X
Wi H B/ kg HeAil/ % iH it/ kg LeA5l/ %
K 1 000. 00 4.03 HHA 2 650. 90 10. 68
eIt 11 400. 00 45.92 T 364. 65 1.47
BB 222.69 0.90 BB 21575.83 86. 90
BB 104. 32 0.42 TR 236. 60 0.95
el 7 481. 99 30.13
R 2376.87 9.57
%) 93.21 0.38
FEL A i 33. 06 0.13
25, 1879. 50 7.57
IR 236. 60 0.95
it 24 828.24 100. 00 A 24 827.98 100. 00




. 150 - b EH K & & 4 Z&F ASHR

F 13 K DA AL T A
Table 13 Thermal balance of collaborative disposal of ash and slag
A I
T H g/ MJ el % T H B/ MJ Lo A8/ %
T ER I Rl LR 2969. 38 4.96 JAEANY/BLIE 514. 62 0. 86
TR R P AR 55076. 13 92.03 i AR 43 635.77 72.91
I R H A IR B AR 1 800. 19 3.01 DALY/ BLIE 178. 56 0. 30
JRA P EREAA 1731.98 2.89
A 4897.91 8.18
6z 8 886. 85 14. 85
a1t 59 845.70 100. 00 At 59 845. 69 100. 00

FIRARAE 1.65 J7 ¢ KIKAN 18.81 Ji t BEBe ik
WA B (- 8) |, AT AEFEIE SR 0. 60 7 t, B S AL

J*
L Jie
u l
—

" 1.65 Fit/a

e
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g
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AN
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P2 35,60 J7 v, BB IR AL R HLAE S 747, 31 kW
oh, Hirpd R 4B #Er 38. 23 kW -h, 5L R 5. 12% .,
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Fig.8 Flow chart of collaborative disposal of ash and slag in the

garbage incineration power generation process
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AR 0. 02% 0. 41% , 5 FRL C KA EL , K e
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Harmless disposal of waste incineration fly ash by slag salt melting separation
CHEN Songxuan'?, WANG Yun®, WANG Hao’, GAO Shujie’
(1. School of Chemical Engineering, University of Chinese Academy of Sciences, Beijing 100190, China;
2. China ENFI Engineering Corporation, Beijing 100038)

Abstract ; The high-temperature melting and harmless disposal of incineration fly ash can achieve the decomposition
of organic compounds such as dioxins and the solidification of heavy metal elements. The degree of harmless
disposal of fly ash is high, but the large amount of chloride salts contained in fly ash will greatly hinder the melting
process. This article aims to separate slag and salt melting in fly ash, and designs and selects an ideal low melting
point slag type, CaO-FeO-Si0, -Al, 0, —Fe, 0, five element slag, CaO: Si0O,: FeO: Al,O,: Fe,0, =36:34:21:7:
2, the complete melting temperature of the slag is around 1250 °C. The results of the hot state test indicate that the
optimal slag ratio scheme effectively suppresses the volatilization of chloride salts while achieving efficient separation
of slag and salt. After the melting and separation of slag salt, the proportion of Cl, Na, and K elements enriched in
the molten salt phase reaches 76.40% , 97.54% , and 88. 19% , respectively. Slag water quenching achieves
solidification of heavy metals such as Pb and Zn. Compared with raw material fly ash, the leaching concentration of
Pb, Zn, Cr and other elements in water quenched slag can be reduced by 99.48% , 90.00% , and 72.00% ,
respectively. The leaching toxicity test of water quenched slag meets the requirements of vitrified products. After
separating fly ash salt, the tailings and incineration bottom slag can be co processed to prepare vitrified products,
which can achieve “zero emission” of ash in the process of garbage incineration power generation.

Key words: garbage incineration; fly ash; harmless disposal; molten salt; slag; melting separation; volatilization

of chloride salt; collaborative utilization of ash and slag



