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Table 1. The XRF results of cement analysis. (Unit %)
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Fig 1. X-ray diffraction (XRD) pattern of cement-lead nitrate mixture
Aft: Ettringite, Pb-S-H: Lead Silicate Hydrate, Pb-C-S-H: Lead + Calcium Silicate Hydrate, PbH: Lead Hydroxide
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Fig 2. SEM images of 28-day cement samples containing: (a) cement paste, (b) 25 cmol/kg-solid lead nitrate, (c) 50
cmol/kg-solid lead nitrate, (d) 100 cmol/kg-solid lead nitrate and (e) cmol/kg-solid 250 lead nitrate.
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Fig 3. The change curve of initial setting time and final setting time of cement paste under the influence of lead nitrate
heavy metal pollutant.
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o3l ke 555 28 5l s Olowws b o K 5 VT il slaclale (g5l sbai 551 43 (TCLP) _;;;T_wg};m@u 2 Jyu=

The concentration of lead pollutant in the sample 100
(cmol/kg-solid) 5 10 25 50
The concentration of I((:)a;)(:n p;ollutant in the sample 1036 2072 5180 10360 20720
pH
2.18 Sample 1 0.53 1.32 5.58 14.22 30.41
2.15 Sample 2 0.47 1.66 5.57 14.35 29.89
2.15 Sample 3 0.50 2.14 5.82 14.25 29.74
2.16 Average 0.50 1.71 5.65 14.27 30.01
0.02 Standard deviation 0.07 0.82 0.28 0.13 0.70
- standard in water (ppm) 5.00 5.00 5.00 5.00 5.00
Standard in soil in
R residential environment 50 50 50 50 50
(ppm)
Standard in soil in
industrial environment 200 200 200 200 200
(ppm)

Table 2. The results of contamination leaching analysis (TCLP) in samples containing different concentrations of lead
heavy metal pollutant with cement after 28 days of curing.
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Abstract:

Lead-based heavy metal pollutants have long been recognized as significant contributors to environmental
contamination. The result of human and industrial activities, the release of substantial lead-based
contaminants into soil and groundwater has posed persistent environmental threats. To combat this issue, the
Solidification/Stabilization (S/S) technique employing cement has emerged as an effective solution,
effectively reducing lead's mobility and solubility in soil and remediating lead-contaminated environments.
Paradoxically, lead, a heavy metal pollutant, exerts a substantial influence on the setting time of cement,
directly affecting the performance of cementitious materials. Understanding the intricate interactions
between lead and cement is thus crucial. This study aims to delve into the intricate relationship between lead
and cement, scrutinizing how lead impacts cement's setting time and its microstructural characteristics.

To achieve this, cement was treated with lead nitrate solutions at concentrations of 0, 10, 25, 50, 100, 250,
and 500 kg/cmol-solid. The study assessed lead's effects on cement hydration processes and setting times
through rigorous testing, encompassing setting time measurements, X-ray diffraction (XRD) analysis,
scanning electron microscopy (SEM) imaging, and leachability analysis (TCLP).

Key findings from this investigation are as follows:

. The introduction of lead nitrate to cement results in the physical encapsulation of heavy metal lead
within the nanostructure C-S-H, leading to the formation of the nanostructure Pb-C-S-H.
. XRD and SEM analyses unveiled that a portion of heavy metal lead becomes immobilized and

solidified in the form of Pb(OH). due to precipitation and chemical complexation, inhibiting leaching during
cement hydration.

. In addition to Pb-C-S-H and Pb(OH),, stable compounds such as lead hydrate silicates
(PbSi0O3.xH20 and Pb1o(Si207)3(OH)2) form, originating from the hydrolysis of alite (C3S) and belite (C.S)
components within cement.

. Lead contamination exhibits a minor influence on the hydration of aluminate (C3A) and ferrite
(C4AF), but its deposition on cement constituents leads to diminished ettringite formation.

. Elevated lead contamination levels up to cmol/kg-solid 100 encourage silicate polymerization, with
Pb-C-S-H and Pb(OH), forming the predominant phases in cement paste.

. Lead contamination induces hydration delays, resulting in prolonged initial and final cement setting
times due to the formation of Pb-C-S-H and Pb(OH)..

. As determined by Vicat needle test, the initial setting time is 65 minutes for cement paste. The

longest initial setting time is observed in cement paste containing cmol/kg-solid 100 lead contamination,
reaching 155 minutes.
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