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Stabilization of Heavy Metals in Municipal Solid Waste Incineration Fly Ash with

the Thiol Collectors
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Abstract: Three kinds of thiol collector; sodium diethyldithiocarbamate (DDTC), potassium ethyl xanthate (EXT) and ammonium dibutyl
dithiphosphate ( DDTP), were adopted to stabilize heavy metals from municipal solid waste incineration fly ash (MSWI fly ash). The
concentration of the three thiol collectors was all 62.5 ymol*g™" fly ash. Scanning electron microscopic observation shows that, the thiol
collectors evenly cover on the surface of fly ash which makes the angles of mineral crystal ambiguous. Furthermore, the leaching characteristics
of heavy metal Cus Pb, Cd, Cr and Zn in fly ash were analyzed according to the toxicity characteristic leaching procedure (TCLP) and the
horizontal vibration method. Comparing with Na, S thiol collectors present better stabilization effects for Cu and Pb when the extractant is 0. 1
mol*L™" acetic acid. DDTC stabilizes almost all the acid-extractable Cu, and DDTP stabilizes 69.2% of acid-extractable Pb. When extracted
by water> the stabilization ratios of the five heavy metals by DDTC, EXT and DDTP are 72.6%, 73.5% and 76.8% respectively,
significantly higher than that by Na, S (52.4% ) . The affinity preference of the thiol collectors for the five heavy metals is generally in the order
of Cu>Pb> Cr> Cd > Zn. Alsos over 60% of the collector participates in the chelating reaction with the acid-extractable heavy metals.
Under neutral and alkali condition (pH > 6) the chelators of heavy metal-thiol collector are steady, but partly dissolved under acid condition
(pH< 6). Evidently, in order to obtain better heavy metal stabilization effects; it is important to maintain the acid buffer capacity of stabilized
fly ash at a higher level.
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Table 1  Major chemical components of fly ash/%

%y T D% R
Na, O 5.92 Fe, 05 5.48
MgO 2.49 NiO 0.02
Al O, 9.90 CuO 0.38
Si0, 21.60 Zn0 3.49
P, 05 1.34 CdO 0.03
SO, 10.20 BaO 0.34
K, 0 5.03 PbO 0.67
Ca0O 21.66 F 0.60
TiO, 1.35 Cl 8.17
Cr, O3 0.68 Br 0.14
MnO 0.13
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Fig.1 Molecular formulas of tested three chelators
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Fig.2 SEM photograph of fly ash ( x 5 000)
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Fig.3  SEM photograph of stabilized fly ashes ( x 5 000)
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Table 2 Leachability toxicity of the fly ashes based on the toxicity characteristic leaching procedure/mg® L~
ok o CK + LT Se Rreh CReNaS R
Cu 37.9£2.9" AY 0.04+0.01 E 1.3+0.1C 0.28+0.06 D 13.8+0.5B -
Pb 33.8+£0.6 A 253+1.5C 23.5+0.2C 10.4+0.2D 29.6+0.4 B 5
Cd 6.2+0.7 A 3.0£0.1C 5.3+0.2B 5.6+0.1 AB 5.5+0.1 AB 1
Cr 2.1£0.2 A 1.0+0.1 B 1.3+0.3B 1.2+0.2 B 1.2+0.2 B 5
7n 296.4£2.2 A 239.1+10.7 B 237.9+5.8 B 243.9+12.8B 236.2+8.4 B —
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Table 3 Leachability toxicity of the fly ashes based on the horizontal vibration method/mg* L

EEE KK KK+ A KK+ B WK+ TR KK + NayS TR PR A
Cu 0.41+0.09 A 0.05+0.01 C 0.05+0.02 C ND" 0.22+0.05 B 50

Pb 4.9+0.4 A 0.26+0.05 C 0.71+0.12 B 0.34+0.06 C 0.12+0.04 D 3

Cd 2.8+0.2A 0.78+0.06 C 0.75+0.07 C 0.63+0.08 C 1.4+0.1B 0.3
Cr 0.80+0.03 A 0.16+0.05 C 0.18+0.06 C 0.26+0.06 BC 0.32+0.04 B 10

Zn 17.0£0.8 A 5.2+0.3C 4.8+0.2C 4.0+0.3D 8.8+0.6 B 50

pH 8.0 7.8 8.0 8.0 7.8
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Fig.4 Effect of pH values on the leachability of heavy metals from the fly ashes
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Table 4 TLeachable quantity and stabilization ratio of heavy metals in stabilized fly ashes/pmmol®g ™"
5K K KK+ SRR KK+ LR KK+ THRZ KK + NapS
> B TCLP HVM TCLP HVM TCLP HVM TCLP HVM TCLP HVM
Cu 47.8 11.9 0.06 0 0 0.4 0 0.1 ND 4.3 0.03
Pb 30.0 3.3 0.24 2.4 0.01 2.3 0.03 1.0 0.02 2.9 0.06
Cd 2.3 1.1 0.25 0.5 0.07 0.9 0.06 1.0 0.06 1.0 0.13
Cr 89.5 0.8 0.15 0.3 0.02 0.5 0.03 0.5 0.08 0.5 0.06
Zn 430.9 91.2 2.63 73.6 0.80 73.2 0.74 80.9 0.61 72.7 1.35
B 599.6 108.3 3.32 76.9 0.91 77.3 0.88 83.4 0.77 81.3 1.58
REWR % 29.0 72.6 28.6 73.5 28.3 76.8 24.9 52.4
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