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Table 1 Main components of fly ash ( mass percentage ) %
W4 KCl NaCl CaCl, CaSO, CaCO,  Ca(OH),  Si0, MeO ALO, Fe, 0,
oh 10. 03 10. 89 17.55 5.99 20.75 22.49 2.83 1.20 1.02 0. 46

Horp, 55 E R LUREALES BRAR TS RIRES S AL B4
AXAFAE, A EZ LU ALHT At A 55 Ak
Y AP

F2 N KPEER T RN, TR E

As Cd,Cr, Cu, Mn

%JE A Pb f Zn, F1E20.1% ~1% , HAWE LR A
UNi.Sb. Hg % & & 75 0.1%
VIR,

R2 WKPEHSRGE

Table 2 Heavy metal content in fly ash ne'e
)i%x Zn Pb Cu Sb Cd Mn As Cr Ni Hg
oh 5500 1 300 340 260 250 180 120 120 90 13.2

3 0 RRRAMATSL, PAPRAE A 4.1, L
SRR I 1944 m*/ kg, KBS 50% IR 4
ATE 6.5 wm Zifq,

3 ORIRRR AT

Table 3  Particle size distribution data of fly ash

1.2 #-HREERS

K IR Rl FE P H, 0,80, CO, % LS 4K
TERIE K 3R AUL 43 LA KC1 NaCl , CaCl, 3 1 &
8, LI LA Ca0 (SiO, \MgO AL, O, 2k 1y A AL
R 220 CaO 95 13057 , 00U TS 79 R AV

ZHon B M, A BERUE T SR A7 Bl 73 B, — B Si0, \FeO, \Na, O
PEIRAE 4104 B, O, S AT A1y AR s OB IR o Herprih (B 4 fk
HARTRY m” kg ™! 1944 Yok s AR AT E 251 L Si0, \FeO, hy F2
Dv(0)/um 0.215 TR AN I, B AT P [ Ak A 5 % A
Dv(10)/um 1. 243 PRAG A D, ELI h 00 2 Ja 9 1 S8 1 K
Dv(50)/pm 6. 536 b BB B BE BRI S BRI P R AL
Dv(90)/pum 28.068 PL 100 g &K A, Hodr H, 0,80, ,CO, 55 4 &
Dv(100)/pm 205. 647 RGeS R4,
R4 CORPERABER S
Table 4 Residual component content of fly ash after volatilization
A fadh E=Riat7/bid
5y KCl NaCl CaCl, Ca0 Si0, MgO Al, 04 Fe, 0,
SR/ 10. 03 10. 89 17.55 31.11 2.83 1.20 1.02 0. 46
TR/ % 26.07 28.31 45.62 84.95 7.73 3.28 2.79 1.25
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Pk NaCl - KCI - CaCl, 2 IR A EEh Ik R, #£
T B v 2 BE RS 2 AL R 8 5T Fact-
Sage 115 AT R BUR A M $h ik R IR M ZE K (%
5) ,JREHT 1200 °C FF R & 1300 C B, S AP &AL

WILHAY i LA M 6. 51% $-TH 2 15.93% , S th 45 %
ISR, S ) SR A, s A i 2 L R 1o A7
HI7E 1300 CLLR .

£S5 FILAFNRE TR AZE s (FactSage)
Table 5 Saturated vapor pressure of chlorides at different temperatures ( FactSage )

W/ C 800 900

1 000 1100 1200 1300

M FZES S/ atm® 2.6x107* 1.54 x10 73

6.69 x10 3

0.0229 0. 065 1 0.159 3

4.9 1 atm #5785 1 MRS E,L atm = 101 325 Pa,

L3 s EisaE

K ES AR D H, 0,50, ., CO, % L
I & L 10 K RN Si0, AL O, | Fe, 0, % I
B, AT ALK A NaCl —KCl - CaCl, 4 A4
s A 9 CaO — FeO — Si0, — AL, O, — Fe, 0, i i
FactSage -4 1 31U 46 4 FET (P 1) 44 o A )
(2).

TIC
T(min)=477.08°C, T(max)=1 829.09C ' 800

750
700
650
600
550
500
450

CaCl, 09 08 07 06 05 04 03 02 01 KCl1

mass fraction
1 NaCl-KCl-CaCl, = e EhHH &
Fig.1 Phase diagram of NaCl —KCI -CaCl,

ternary molten salt

X F NaCl —KCI - CaCl, = JeHa3h , 24 1A 5 16
T 800 CHE, % —Juiash ik Rie e i fb, X F
Ca0-Fe0-Si0, —Al, 0, —Fe, 0, 7L G145 ( Al,0,/Ca0
=0.2.Fe,0,/Fe0 = 0. 1) , % 4 i A7 AR 95 5 185 Y
MIREREBETE, 2 0 it B4 B AR T (1B 2) i < 07
FOLCEFER T SALE I (T L4534 CaO:
Si0,: FeO: AL, O,: Fe,0, =36:34:21:7:2) JiE5E4
JEALIER R e 1400 °C LA R 2 1250 C A4, BLiHn
AW R AL (100 g KRB 26. 55 g Si0, 9. 42

Ca0 i
) - e oo G,
T(min)=1 100.09°C, T (max)=3 385.76°C. 300

ALO,/Ca0(glg)=02 | 750
Fe,0,/Fe0(g/g)=0.1 | 700
|

{ 650
¥ 600
550
500

450

Si0, 09 08 07 06 05 04 03 02 0.1  FeO

mass fraction

B2 Ca0-FeO-Si0,-Al,0;-Fe,0; fioutHK
Fig.2 Five element phase diagram of
Ca0-Fe0-Si0, —Al, 0, —Fe, 0,

g Fe0,.5.20 g ALO,) , 2B N B HARE AL,
1.4 RWHZE

Fi i H AR AL ) K P RC AN Fe, O, ,Si0, (Al O,
S T SE RN 1. 5% ~ 2% ToARYE ([ i
78% ) VE i J5i ) A i # i v Fe, O5 A1 FeO [ b il
Bkt e 6 FiR.

YR H IR A 5 (No. 0 41 28 (1 %t g,
ARBSINE AL, AN, BCE T HIR N (PR N R
40 mm, MRS ) | FE T A 3R, LG THE
JEbe PR THE T 10 °C/min, PR THE 2 900 °C
JE PR 30 min, i & H, 0, CO, S0, 5§ 7t 43 43 i 45
K PRI EE R G AR ST 2 1200 °C |, FEAR{E 60 min,
BRI S5+ 7853 73 )72 43 B No. 0 ~ No. 3 413
B 7E 1200 CHURZSH G, U S T = IRALTh 2%
TEVRH , I 28 TS MR 43 2 A SR A s s No. 4 34
B 1200 °C AR IRES AU B KRR ISR FIT A K ki
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Table 6 Slag type adjustment proportioning scheme

5 58 Kk I R il i KK/ g Si0,/g AL O3/g Fe,05/¢g Bk g BT Hith Mg
No. 0 (X 1#) 50 0 0 0 0 25 27.9
No. 1 0.75 60. 6
No. 2 0.85 25U 60.3
50 13.30 2.60 9.70
No. 3 1.00 61.2
No. 4 0.85 IR HE —

% ,No. 1 ~No.3 = FETIFHEEE 05 B % (K

2 AR AR SR 3) ., LR S, TR M, 2 5L
21 BHATEST . 3P No. 2 BB AR (6 mm) L 55 (11
BB No. 0 % (X IR H BUfE 4640 86 B mm) FRETAM.

27 Eh Uk

3ME AR R

3 ERIEEL Y BACR (1200 °C L1 h)
Fig.3 Melting and Separation Effect of Slag Salt (1200 C, 1 h)

W SRR IR T IR 8 s, LJRKEER R3S e BRI, s S 20 70 I 4 o i 1
HCLK \Na LR A MR E LR, Si Fe S SN K AT No. 2 2547, No. 4 K BEIA H K
ERREA WM BN ER R B E R NaCl 1 B & &0 D T 75.63% . 38.46% |

LR 12. 4% , K Na J(iFE 23 .
RT BEHS(FEE )
Table 7 Composition of molten salt ( mass percent) %
¥5 Cl K Na Ca Fe S Pb Zn
No. 1-3% 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. 3-3% 51. 86 14.76 10.91 14.78 2.98 0.14 0. 06 0.17

®8 WA (B E 0 H)

Table 8 Composition of Slag ( mass percent) %
¥ Cl K Na S Ca0O Si0, FeO Fe, 05 Pb Zn
No. 0-7# 11. 88 1.49 1.12 0. 86 57.97 5.95 — — — —
No. 1-j# 5.68 0.38 0.55 0. 30 33. 81 30. 57 13.92 3.83 0.02 0.43
No. 2-7# 5.00 0.32 0.52 0. 62 34. 12 31.14 15.16 3.13 0.02 0.45
No. 3-j# 4.94 0.49 0. 66 0.96 34.28 31.22 15. 66 2.84 0.02 0. 46

No. 4-7# 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

i, Fe JUR FEZAENT IHAH S miAb R . I R
(F5) iR FERF AT L Ca0,Si0,  FeO LY N F
(FHiR 17.27.5%) , S sl FeS (R 37)
Cl.P &5 2T B (e AN P (i 67) . %%
PR ATR S RILE 9,

BS Uk

Fig.5 Scanning image of sample points

R MHRPHOCRER(TREADH)

Table 9 Sample points scanning element content (mass percent) %
Affisi Na,0 Mg ALO,  Si0, Ca0 FeO  Zn0  TiO,  P,0 cl 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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=AY T A, B No. 2 X FE T 15 65 26 F s 7
W, VA SR K A T HEZK I 25 B2 K, AR Btk s
BERE 3005 g/em’, HURIAEL B BE 2. 121 o/em’, R
P RT (AR 40 mm) AT TG E 5 i 5 & 40 5]
9 15.98 ¢.42.76 g( HikE 5 Eh B i 60. 3 g AH
[, R 251H 2. 59% ) , #is AT 45 C1.K Na ,Ca .S .Pb,
Zn FFIUEIEAN AR LA (3R 10) .

S HHE & A BT B R 5 43 il B ik SO, SR 1Y,
FE AR, B No. 2 450 5 No. 0 5
FIXFRREH S A ASAH Y H A — B, SR, 1E N
ISR 7 FE AR C1LK Na,No. 2 205 No. 0 %5
IR 2 22 53 i %, No. 0 41 C1 K \Na # % R4k
2] 70. 68% .84. 16% . 85.40% , TMj 2% B 1] b 5 44
RAEMRY No. 2 21, Cl K Na JTER %L R4 5w 1
65.99% .83.91% .83.98% |

R 10 AOUREIE RPN TR B

Table 10  Proportion of volatile elements entering the gas phase %
JLHE Cl K Na Fe S Pb Zn
No. 0( Xf &) 70. 68 84.16 85. 40 — 65.97 — —
No. 2 (i) 4.69 0.25 1.42 10. 68 61.72 74.55 25.38

RBEATRICR G e, Al e — a4
JUERAE T =M Ee B (B 6) , Herfr Pb
Zn 1R 48 24 0 AR U o, 45 e R NSO L B A
o CLLK Na JURE R0 & 4 T HE R o, 40 il 5 2
FERIUR BCRI] i 2 By O AR, €K  Na
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TLR G L%

20 R

0
Fe

B6 S —Eh-iEArP&ICR I ] (No. 2)
Fig. 6 Distribution ratio of each element in

gas-salt-slag phase (No.2)
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2.3 piEPEEENEN

KK H P Zn B R, M AlAL B R
74.55% [¥) Pb 5 %3 NS AH,69. 97% [ Zn 5% 5 1E
B (E 6) o Wit /K iR AT LR Sp A b7 B 3 A A5 4
fiizk sk Pb . Zn %55 4 & 0 E B fE B i b, SC
TEMLEM.

& 11 SRR AR AN RO B X ER A O 4K
a2, KRR G T 4R 12 R AR T E R R R
W BRI 1B ( GB 5085. 3—2007 £ [ JIZ ) 45 51| b e
BB EEPELE ), AR e B RS T ER N Ph
Zn Cr, WBsgiisib v 5 4 8 = vk B (A 5™ 4%
(PR (GB/T 41015—2021 [F]{4 32 4y 856 3 A Ak 38 7™
PIHAREER) il Rl 2 5 K B B A s v Ph
Zn SHEAT ORI 0. 02% (0. 41% , 2546 0 /K R v
H1 Pb.Zn Cd Cr As S48 0 R = #EME T 2 5%
AL S ER o 5 F0RN KA EE , Pb (Zn [ Cr =FJT
B BRI AR 0 25 AR, B 230 3K 31 99. 48 %
90. 00% .72.00% .

R KRS KR HEEPERS L

Table 11 Comparison of toxicity of granulated slag and fly ash leaching mg-L~'
HEHILR Pb 7Zn Cu Ni Cd Cr As Hg
16 15 BRI e i PR 31 8 ( GB 5085. 3—2007) 5 100 100 5 1 5 5 0.1
RIKFRIZ I 1.93 0.16 0. 003 0. 003 0.001 0.15 0. 003 0. 003
P RS AL BRI e R A ( GB/T 41015—2021) 0.3 1 1 0.2 0.03 0.2 0.1 —
IR B I BRI <0.01 0.016 — — <0.01 0. 042 <0.01 —
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BT R BRI 5 W BCE 250k Ca0/
FeO =36/21,Ca0/Si0, =36/34 . Al,0,/Ca0 =0.2,
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e 12 g 13 fiim,
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Fig.7 Process flow for collaborative disposal of ash and slag

R 12 KA PEIALE YR

Table 12 Material balance for collaborative disposal of ash and slag

AT Eaup]
i H $iit/ kg LAl % T H it/ kg LBl %
BV 1 .000. 00 4.03 TS, 2 650. 90 10. 68
BRI 11 400. 00 45.92 Sl 364. 65 1.47
R 222. 69 0.90 B3y 21575.83 86. 90
Y 104.32 0.42 PN 236. 60 0.95
A 7481.99 30.13
By 2376. 87 9.57
RS 93.21 0.38
E A Y 33.06 0.13
G 1879. 50 7.57
SRAH R 236. 60 0.95
At 24 828.24 100. 00 5t 24 827.98 100. 00
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Table 13 Thermal balance of collaborative disposal of ash and slag
P A I

WH Kt/ M) L fil/ % WH /M) LAl %
AR R AR 2969. 38 4.96 EEILY/ B 514. 62 0.86
Y 8 s A 55076. 13 92.03 s P A 43 635.77 72.91
I R AR IR B i 1 800. 19 3.01 PSRNy BLIE A 178. 56 0.30
T A 1731.98 2.89
TR 4897.91 8.18
e 8 886. 85 14.85

it 59 845. 70 100. 00 it 59 845. 69 100. 00

FRIRERAE 1.65 J7 t KJIKA 18. 81 J7 t BELe i
PpRAL BB 8) , AIAFE I £k 0. 60 J7 t, B F 4k

77 35,60 7 t, AEMEBEES (L S RE 747, 31 kW
-h o 7 B AR 38. 23 kW h, O 5. 12% ¢

[t s sl 0.60 Fit/a
: r — — o AEEREIKCL NaClZ
-y G
[ ] —
[ Jrckh
1) =T ® e o
I. . J 3 b T LR .
TR S - =] o
—= 35.60 i/ (e
18.81 Fi/a . e [
%ﬁu e
B8 L AEhe & H R KA b ) Ab B AR

Fig.8 Flow chart of collaborative disposal of ash and slag in the

garbage incineration power generation process
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Y1,Pb Zn F 435 0. 13% 0. 55% KRR
A, FHPRAR N 4.1 um, LR 1944 m*/kg, &
IR G R 2 PERE H,0 ,CO, SO, S5 (AR, 1
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F=, T O T B AT A I m A B8 5 I R A0 5 i o
B, HIAR H AR R S8 e AL IR 290 1200 °C.,

2) #e W A BRI B INAE ), 76 1200 C fRIR
[B] 60 min 25 {4, A8 52 B0 K 4 1) 7% SR 0 fl 40 15 %%
W, DA E AR, TR B a ), i Eh B4y

B, WEAR S B )5 CLLK Na JUER & % T AH
A1 43 13k %) 76. 40% (97. 54% 88.19% , TT.E 4y
HEENR R, gkl CLLK Na R
WRTK A KR CLK Na i — L fE 2
4.38% .0.078% .0.32% .

3) WA il gy 5 2ok AR v SR R R Z R AT
R AR A 18], DR ot 2 i AR ST A 0 Rl
DRI S % . A ELTF No. 0 4% B 55
(AR B R, SR BT ) 05 R A Rt i No. 2 4, Cl
K Na JCZ 45 % R4 Mg T 65.99% .83.91% .
83.98% , % J it NS A EL 9 20 AL 4. 69% |
0.25% 1. 42% %IR35 25 11 7T 410 ) 45 6 44 R AR
A

4) AR KRS i P Zn SFE 4R
[ 0.02% 0. 41% , 5 JFRE K RAH B , K WE
H1 Pb Zn . Cr %5 0 % = Wk B (8 R 0 23 531 ] 3k
99. 48% .90. 00% .72. 00% , /K i3 5 H 25 1k I3 i
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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: Si0,: FeO: Al,0,: 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



