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ABSTRACT

The solidification/stabilization mechanism of each cementious material was investigated. It was found that when C;S was hydrated,
the Pb element could be transferred to the insoluble Ca[Pb(OH);H,0] and the Cr element to the CaCrO,-H,0. The addition of heavy
metal tends to delay the hydration until initial 7 days. The Pb element has also delayed the hydration and the Cr element was
substituted for the ettringite. On the occasion of the hydration of C,A;S, the Pb and Cr ions were solidified/stabilized by the
substitution into the eftringite and/or monosulfate. Leaching of the Pb, Cr and Zn elements in the solidified material was extremely
little, indicating that heavy metals were effectively solidified/stabilized in the hydrated cementious materials. Solidification/
stabilization of heavy metal ions in the industrial wastes such as the STS, BF and COREX sludge was investigated. In case of the
mixing ratio of cement and slag was 3 : 7, leaching of hazardous heavy metal ions was very little, indications that the solidification
and stabilization was very successful.
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Table 1. Mixing Ratio of Raw Materials
Cement  Sample Heavy metal ions
clinker No. Pb(NO3), Cr(NOs); - 9H,O  CrOs
oS A-1 40mM - -
A2 - - 40 mM
CiA B-1 5 wt% - -
B-2 - 5 wt% -
C4A3§ C-1 5 wt% - -
C-2 - 5 wt% -

A F249] FE Table 10] VrER Hls) 2T,
F3IA] W/C(Water/Cement)E] & 042 A 3HH 29 23°C
+1°C, 95% RHOIA S8jalgich. A48 $812 X-4 3
A, FAEAENE B2 2 FLR 24 S 2
2ol Aol e FoATE gasision, £od A
& o718 TRAEEA me} F3S0) §2 NP2 S

2.2 &2 EEAHEN 28t ZH E2{X| 2| Pb, Cre

0y - obEst
Ade 7] c8Ae 23 A 8 12 FH &
29 OPCE 6:49] B &2 E§sla WHeEAAE

7yste] feiEl 718 88 AMEES AxSTE L3
219718 £#X 2= STS, BF ¥ COREX £3AE A
Ltk AHES £8R| 9 st H T FESES
Table 29} 2t} &1 FNS-S FIA7e L7tk 3
7 2E CaO(10 wt%)$} kiln dust(10 wt%)E AH&-319S
o A ERdEE ANE 2 A9 A EFst
o] AME-3FAA T

NHES} 3579 HEHAE ZH7} 3:79) HIZE EFs)
I F3] B ANERWOE 7 £3X FEEFF
£ 3¥ste] STS, BF £3x9 2siAl+= 4 03 28
3 COREX *EJXH 3o tetedA = 0628 o
Ho|2E AlHE AxsAT. FAAFL 23°C+1°C H
95% RHOIA é_‘/\l st 38 A|lHS SEMoE 43}

Table 2(a). Chemical Composition of the Various Sludges Studied (wt%)
SiO, AlLO;  Fe,0O4 Ca0 MgO Na,O K,O SO, TiO, Mn,0; P,0O5 Ig-loss
COREX 6.40 2.52 39.79 4.73 0.70 040 0.88 1.33 0.25 0.13 0.19 42.60
BF 5.60 2.53 56.70 348 0.90 0.07 0.20 1.20 0.38 0.11 0.12 26.90
STS 25.74 3.67 1.74 49.70 5.70 0.09 0.11 0.28 0.28 0.53 - 10.32
Table 2(b). Chemical Composition of the Various Sludges Studied (ppm)
Cl Cr Cu Zn As Cd Pb
COREX 1,475 600 204 525 62 2 59
BF 246.3 109.25 34.25 13,750 304 > 58 2,025
STS 326 20,200 126 135 74 Tr Tr
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682 AT - s - PR - AYE - ST - AR

8 Ca[Pb(OH,)H, 0],

® C,S
.- A Ca(OH),
* | v cacroH,0
7 days
3 days
1 days

0 10 20 30 40 50 60 O 10 20 30 40 50 60
26 20

Pb Cr

Fig. 1. XRD patterns of C3S with Pb and Cr as a function of
hydration time.
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Fig. 2. XRD patterns of C3A with Pb and Cr as a function of
hydration time.
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Fig. 3. FT-IR analysis of C;A with Pb and Cr as a function of
hydration time.
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Fig. 4. Morphology and chemical analysis of C;A with Cr 5 Pb 5 wt% Cr 5 wt%

wt%. Fig. 6. FT-IR analysis C4A3§ of with Pb and Cr as a function of
hydration time.
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Fig. 5. XRD patterns of C4A3§ with Pb and Cr as a function of
hydration time.
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Table 3. Leaching Concentration of Heavy Matals from the Solidified Clinker Minerals (3days) (ppm)
Heavy metal ions Pb Cr Zn
1000 5000 10000 1000 5000 10000 1000 5000 10000
Cliker minerals ppm ppm ppm ppm ppm ppm ppm ppm ppm
GsS Tr 0.7 1.44 0.052 Tr Tr Tr 0.62 041
GA 0.27 0.05 0.057 0.06 0.59 0.81 Tr 0.074 0.16
C,A3S Tr 036 031 0.076 0.15 0.1 003 0056 0068
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Fig. 8. FT-IR analysis of the solidified STS sludge with diffe-
rent alkali accelerator as a function of hydration time.
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Fig. 9. FT-IR analysis of the solidified BF sludge with different
alkali accelerator as a function of hydration time.
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Fig. 10. FT-IR analysis of the solidified COREX with different
alkali accelerator as a function of hydration time.
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Fig. 11. Morphology and chemical analysis of the solidified
BF sludge with CaO.
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Fig. 12. XRD patterns of the solidified BF sludge samples as a
function of hydration time.

Table 4. Leaching Concentration of Heavy Metals from the

Solidified Sludge Samples (3days) (ppm)
Heavy metal ions
Pb Cr Zn
Solidified sludges
.8 T .
STS .CaO 0 T 0.13
Kiln dust 0.057 Tr Tr
CaO Tr Tr Tr
BF .
Kiln dust Tr Tr Tr
CaO 043 0.13 0.068
COREX .
Kiln dust 0.32 0.12 0.066
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