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Study on Pollutant Transformation During Fly Ash

Vacuum Melting Treatment
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Abstract: High-temperature incineration is the predominant method for managing municipal solid
waste, enabling effective heat and heavy metal recovery and facilitating efficient energy and resource
recycling. Fly ash generated from municipal solid waste incineration contains various heavy metals,
chloride salts, dioxins, and other harmful substances, seriously impacting the ecological environment
and human health. Vacuum melting treatment of fly ash effectively eliminates heavy metals and
chloride salts, rapidly decomposes dioxins, and significantly reduces fly ash toxicity. This study
optimized the temperature, vacuum level, and holding time for vacuum melting treatment, identifying

optimal the conditions of 1400 °C, 100 Pa, and 3 hours. Further research is crucial to explore the
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mechanisms and kinetics of pollutant migration and transformation, and to develop more effective
control strategies and technologies. The total chlorine removal efficiency reached 92.0%, and the
soluble chlorine removal efficiency reached 96.85%. XRD phase analysis revealed that NaCl and KCl
disappeared, while crystalline phases of Ca, Si, and Al minerals appeared under optimal conditions. The
removal rates of various heavy metals increased significantly, with removal efficiencies of 81.34%,
89.26%, 90.86%, and 88.00% for Cu, Zn, Pb and Cd, respectively. SEM imaging of fly ash treated
under optimal conditions showed a uniform and smooth surface, indicating a transformation to a molten
glass state. The DTPA method was used to assess heavy metal toxicity. Results showed that the
concentrations of Cu, Zn, Mn, and Ba in the treated samples after treatment were 48.5, 92.4, 51.9, and
48.5 mg/kg, respectively. The toxicity concentration of heavy metals (as measured by EDTA extraction)
decreased significantly compared to the original fly ash, although some ecological risks remain. After
vacuum melting treatment, dioxin content and toxic equivalents were significantly reduced, with an
overall emission reduction exceeding 96%. This study provides crucial parameters for the vacuum
melting disposal of fly ash, offering technical parameters and practical guidance for its safe disposal and
resource utilization. However, this study only examined the phase characteristics of fly ash, lacking a
comprehensive analysis of pollutant migration and transformation mechanisms. Further research should
focus on the efficient resource utilization of the post-melting slag and delve deeper into the mechanisms
and kinetics of pollutant migration and transformation to develop more effective control strategies and
technologies.

Keywords: Fly ash; Vacuum melting; Heavy metals; High-temperature incineration; Dioxin
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Fig.3 SEM images of fly ash samples treated at different

holding times
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Fig.7 SEM images of fly ash samples treated at different
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treatment at different temperatures
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Fig. 11 SEM images of samples treated by vacuum
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Fig. 12 XRD patterns of fly ash after vacuum melting

treatment at different vacuum levels
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Fig. 13 Effect of vacuum level on heavy metal removal

from fly ash by vacuum melting
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Fig. 14 Effect of vacuum level on chlorine removal from

fly ash by vacuum melting
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R4 RIEMER-AHERENERH SR E(GB 5085.3—2007)
Table 4 Leachate toxicity concentrations determined by the sulfuric acid-nitric acid method (GB 5085.3—2007) mg/L

TLEMA As cd Se Cr Cu Ba Mn Ni Pb Sb Zn
GB 5085.3—2007 5 1 1 15 100 100 1 5 5 1 100
WIHAE Rl 4h R 4.54 0.03 2.50 1.83 53.35 57.63 2.98 0.85 438 ND 74.05

T 2 Ak B R A 225 SR 0.77 ND ND ND

1.33 333 0.80 ND 1.33 ND 7.95

TE: NDFIRAMH -

K5 WRIFTCLP EZMERHBHEIRE

Table S Leachate toxicity concentrations determined by the TCLP method mg/L
JCRFIZ As cd Se Cr Cu Ba Mn Ni Pb Sb Zn
TCLP 5 1 1 15 50 100 1 5 5 1 50
WILAFE SR 2% 5= 7.50 0.50 0.95 1.70 2.68 27.03 2.08 0.68 20.80 ND 5.83

T ARSI B R i A 1.10 0.06 ND ND

0.50 4.60 1.15 ND 1.90 ND 3.90

% 30.52 mg/kg; Mn H J FE 1 120.54 mg/kg P ik
= 40.22 mg/kg; Cd 1 125.52 mg/kg K = 10.37
mg/kg. DTPA &1, JFFE Cu, Zn, Mn, Ba % &
P T 50 mg/kg, Ab BT RE &S B30 48.51,

92.41, 51.93, 48.52 mg/kg., Fe. Cu. Zn, Ba H#%
TR O U BEREARIF 2, (A7 EDTA WL e T
60 mg/kg, HIRGE A W) G F R, J5 22 ab B aT
T T 2280 — DR R faF (£ 6) .

* 6 BiRlAEMM EDTA.DTPA ZELEIRINE

Table 6 Leachate toxicity concentrations determined by the EDTA, DTPA method mg/kg
JLRFPA Cu Pb Zn Cd Cr Fe Mn As Ni Ba
JFFEEDTA 135.41 380.52 330.41 125.52 85.52 415.73 120.54 35.46 10.48 83.74
JF#AEDTPA 148.52 320.51 392.33 110.52 100.59 391.51 152.45 48.09 13.29 65.46
EDTA 70.11 30.52 60.52 10.37 30.36 160.22 40.22 27.04 6.01 70.10
DTPA 48.51 20.73 92.41 20.62 18.52 126.32 51.93 18.23 9.51 48.52

KK Zad E s HE AL (1 400 °C 3.0 h, 100
Pa) Ji, KO [ 1A v ity I A ) I ) L
flR(F£ 7.8, B 5) . 4l WHO-TEF(2005) #5ifE i
7%, UL TCDD Bk B E, T3 O 40 (10 35
P ((1D) .

TEQ= ) (% SHIMAVEIE X TEF) (1)
AP TEQ Pk X i {H, TEF, g X i 5 A4 AR 11
BEPE R

o T LS A A B RO [ AR R
FPE Y 8.753 ng I-TEQ/kg, H: v PCDFs £ 1
Mk 4.363 ng I-TEQ/kg, fi BLEEPE 51 49.85%,
PCDDs F 851 M5l 4.39 ng -TEQ/kg, i i1k
M 50.15% . 17 Fh ) 5 S0 ke i B s
4 1,2,3,4,6,7,8-H,CDF 10 ng/kg, #H %8 T & & JK
320 ng/kg [ AL 2 96.88%; O,CDD iy 20 ng/kg, %
JFRHK 3 100 ng/kg FEAR 2 99.35%, W& S

F7T CIREHSLEHD PCDFs XTBERESE

Table 7 PCDFs dioxin content in raw and

treated fly ash samples ng/kg

PCDFs ERW/S Ab B
2,3,7,8-T,CDF 71 0.8
1,2,3,7,8-P;CDF 120 1.2
2,3,4,7,8-PsCDF 180 4.0
1,2,3,4,7,8-H,CDF 110 6.5
1,2,3,6,7,8-H,CDF 130 3.0
2,3,4,6,7,8-H,CDF 190 8.0
1,2,3,7,8,9-H,CDF 62 3.0
1,2,3,4,6,7,8-H,CDF 320 10.0
1,2,3,4,7,8,9-H,CDF 49 7.0
O4CDF 140 3.0
M PCDFs 1372 46.5




o i E AR, £3 5 HE R 96% .

R8 XKREFEHSHEHD PCDDs XTEREE
Table 8 Content of PCDDs in the fly ash  ng/kg

PCDDs KR Jb BEEE
2,3,7,8-T,CDD 2 1.0
1,2,3,7,8-PsCDD 73 4.0

1,2,3,4,7,8-H,CDD 40 3.0

1,2,3,6,7,8-H,CDD 130 6.2

1,2,3,7,8,9-H,CDD 68 3.0

1,2,3,4,6,7,8-H,CDD 970 15.0

0,CDD 3100 20.0

JPCDDs 4383 52.2
0,CDD
1,2,3,4,6,7,8-H,CDD
1,2,3,7,8,9-H,CDD
1,2,3,6,7,8H,CDD
_ 1,2,3,4,7,8H,DD
S 1,2,3,7,8-P,CDD
W& 2,3,7,8-T,CDD
i 0,CDF
X1,2,3,4,7,8,9-H,CDF
#1,2,3,4,6,7,8-H,CDF
2 1,2,3,7,8,9-H,CDF
| 2,3,4,6,7,8-HCDF
1,2,3,6,7, 8-H,CDF
1,2,3,4,7, 8-H,CDF
2,3,4,7,8-P,CDF
1,2,3,7,8-P,CDF
2,3,7,8-T,CDF

0 0.5 1.0 1.5 2.0
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Fig. 15 Concentration of dioxins and dioxin-like
compounds in fly ash samples after vacuum melting

treatment
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