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Abstract: Pb was incorporated to a series of cement matrices, which were submitted 
to different cure time and pH. Pb content leached to aqueous solution was monitored 
by atomic absorption spectroscopy (AAS). The block resistance was evaluated by 
unconfined compressive strength (UCS) at 7 and 28 ages. Data are discussed in 
terms of metal mobility along the cement block monitored by X-ray fluorescence 
(XRF) spectrometry. The Pb incorporated matrices have shown that a long cure time 
is more suitable for avoiding metal leaching. For a longer cure period the action of 
the metal is higher and there is a decreasing in the compressive strength. The XRF 
analyses show that there is a lower Ca concentration in the matrix in which Pb was 
added.  
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Introduction 

 Stabilization/solidification (S/S) processes are routinely used for the final 

treatment of hazardous wastes to reduce contaminant leaching prior to land disposal. 

Among various types of S/S binders, cement-based systems are the mostly widely 

used, due to relatively low cost, wide availability and versatility(1-4). 

 S/S process can be used to convert heavy metals into less mobile form, 

applicable to several types of wastes which are not suitable to physical, chemical or 

biological processing(2,5-8). Among metal wastes, those containing Pb represents a 

serious issue. 

 In a previous study, we evaluated the desorption of lead immobilized into 

cement and concrete modified matrices(9). In the present study, we investigated the 

changes in the cement matrices caused by the incorporation of Pb derivatives. The 
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effect of cement cure time on Pb metal leaching and on the matrix compressive 

strengths was evaluated.  

 

Experimental 
Materials and Methods 

All the tests were carried on using Ordinary Portland Cement (OPC). PbO2 

(Riedel-de Haën), matrices (10 wt.-%) was employed as received. For pH 5, buffer 

solutions using potassium acid ftalate (Labsynth) 0.1 M and natrium hydroxide 

(Merck) 0.1 M were employed, while for pH 7 and 8, tris(hydroxymethyl)-

aminomethan (Merck), 0.05 M and chroridric acid (Labsynth) 0.1 M were used. 

 

Solidification and cure procedure 

PbO2 and cement (90% OPC + 10% Pb wastes) were mixed with water at a 

water/solid (cement and Pb wastes) ratio (W/S) of 0.6 [19]. Samples were introduced 

into metal cylindrical mounds. The molds were exposed to humid air (90 ± 2% 

relative humidity). The samples were cured at approximately 23 ± 2 ºC for 7 and 28 

days(10).  

 

Leaching Test 

The leaching test consisted of putting blocks into a PVC pot, immersed in water 

solution with different pH (pH 5, 7 and 8). The blocks continued being cured in these 

solutions for periods of 7, 14, 21 and 28 days, after staying in humid ambient. A set 

of five blocks were used for compression strength tests, established(11). The were 

carried in triplicate.  

 
Unconfined compressive strength (UCS) tests 

 UCS tests were undertaken with the samples using a SHIMADZU machine, 

model Autograph UH2000 KNG, capacity 40-2000kN, velocity 30 KN/min (0.254 

MPa/s). The top of the samples was capped with Masonite® to limit the effect of 

cracking(11). 
Graphite furnace atomic absorption spectroscopy (GF-AAS)  

 The concentration of Pb ions in the solutions was measured by GFAAS at 

217.0 nm. The metal content was determined in triplicate. For each sample, the 

mean of three AAS measurements was recorded.  
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X-ray Fluorescence (XRF) spectrometry 

The XRF analyses were carried out in a Rigaku (RIX 3100) wavelength 

dispersive X-ray fluorescence spectrometer equipped with a Rh X-ray tube, 4 kW 

generator and 8 position crystal changer. The spectrometer was interfaced to a PC 

with a RIX for Windows software.  

 

Results and discussion 
In the following discussion, the label S states for sample, SB for blank (with Pb), 

SR for reference (without Pb) and the numbers 5, 7 and 8 are used to describe the 

pH of the solutions. Thereafter, the letter S is used for short (7 days) and L for long 

(28 days) cure in those pH solutions.  

 In this study the effect of the cure time on metal leaching and block resistance 

were evaluated. For each rupture, samples were collected at different pH solutions. 

Then, the blocks were draw back from the solutions and conducted for the evaluation 

of resistance. Figure 1 shows the amount of leached Pb from the cement blocks 

submitted to 7 and 28 days of cure in humid air. 

 
Figure 1: Metal leaching at different pH solutions, for blocks submitted to 7 (S) and 28 (L) 

days of cure. 

The results of the leaching test demonstrated that in blocks with long cure, the 

amount of leached Pb was lower than that observed in the case of short one, the 

exception was S8-S. For the other solutions containing blocks with short cure time, 

the Pb leached amount lain around 75-80% higher than those bearing blocks 

19º Congresso Brasileiro de Engenharia e Ciência dos Materiais – CBECiMat, 21 a 25 de novembro de 2010, Campos do Jordão, SP, Brasil

822

822



submitted to longer cure time. For longer periods of cure, all blocks leached metal 

amount remained in levels which were acceptable in agreement with the NBR 

10004/1987(12). It is worth noting that S5 presented the worst results, independent of 

the cure time, suggesting that acid pH can cause damage for these blocks in terms of 

Pb leaching. Concerning the pH of such systems, it is observed that basic pH affords 

lower leaching content in relationship to the acid pH. For matrices submitted to pH 7, 

a distinct behavior was observed that depends on the cure time. Short cure time 

engenders a higher Pb leaching for this pH, while long cure time affords a smaller Pb 

content in solution. 

These results reveal the potentiality of using theses blocks in terms of 

environmental safety. Nevertheless, from the point of view of technological 

application, it is necessary to evaluate their resistance by means of UCS.  

 
Table 1: Compressive strengths (kgf/cm2) for the blocks: SB, SR, S5, S7 and S8; with 7 days 
of setting times. 

Time (days) Compressive strength (kgf/cm2) 
Cure Period  SB-S SR-S S5-S S7-S S8-S 

7 32.07 31.67 29.75 38.10 36.62 
14 29.30 32.00 29.82 28.14 37.13 
21 39.73 32.00 37.69 32.67 29.63 
28 45.27 42.26 33.34 26.49 26.33 

 
 
Table 2: Compressive strengths (kgf/cm2) for the matrix: SB, SR, S5, S7 and S8; with 28 
days of setting times. 

Time (days) Compressive strength (kgf/cm2) 

Cure Period  SB-L SR-L S5-L S7-L S8-L 
7 29.62 37.20 33.69 27.70 26.60 
14 35.48 37.75 27.59 28.10 29.45 
21 32.87 43.15 29.98 36.40 27.50 
28 30.00 45.75 21.73 35.56 29.17 

 

In general, blocks with a longer cure period showed higher resistance. This 

observation is common in studies and experiments dealing with concrete or cement 

resistance reported in literature(13-14). In our study the results obtained for SR confirm 

this behavior.  
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On the other hand, the obtained data showed that in blocks SB-S the resistance 

is comparable or, in almost all the setting data, is higher than that observed for 

blocks SR-S. This suggests that the Pb addition is favorable, because it gives an 

additional resistance for the blocks in short cure period (Table 1). For the same 

period of cure time the blocks which suffer the action of the pH, exhibit, 

independently of the pH, a smaller resistance, which suggests that the external 

environment reduces the block resistance.  

For longer cure period (Table 2), the negative metal effect is clear. It is 

observed that the resistance of the SB blocks decreased in relationship to SR ones. 

In this case, it is observed a trend in which there is an increasing in the resistance in 

the first ages (7 and 14 days), followed by a decreasing after 21 and 28 days of the 

curing.  

In order to understand the blocks microstructure XRF analyses were performed. 

After the rupture of those matrixes samples were collected from the external (in direct 

contact to the solution) and internal parts of the blocks. Ca, Al and Fe contents were 

monitored due to their importance in the cement and mortar. Element content was 

expressed in terms of metal/Si ratio (M/Si). The results were expressed in term of 

rate intensity and are showed in Table 3. 
 
Table 3: Metal/Si ratio in concrete matrix, measured by XRF. 

Sample Ca/Si Al/Si Fe/Si Pb/Si 

S5-L external 1.34 0.04 0.17 0.37 

S5-L internal 1.75 0.05 0.16 0.39 

S8-L external 1.58 0.05 0.14 0.40 

S8-L internal 1.75 0.05 0.16 0.40 

SR external 6.37 0.01 0.46 - 

SR internal 6.02 0.06 0.44 - 
 

 The XRF analyses show that the cement matrixes are homogeneous (see 

Table 3 SR matrix) and that there is a higher Ca concentration in the matrix in which 

Pb was not added and that are not exposed to aggressive medium. Therefore, a 

relationship between the compressive strengths and the matrixes metal content was 

carried on. The results are shown in Figure 4.  
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Figure 4: Relationship between compressive strengths and matrix metal content M/Si, M =  

Ca, Al, Pb (internal and external surface) in mortar matrices. 

 

The results suggest that the Ca/Si ratio reduction contributes to resistance 

decrease. Calcium leaching is a degradation process that consists in the progressive 

dissolution of the cement paste as a consequence of the migration of the calcium 

ions to the aggressive solution. This phenomenon is normally observed in aggressive 

solutions(5,8). The leaching effect was then monitored by expressing the Pb/Si and 

Ca/Si ratio, detected in the internal and external surface of the matrices, as shown by 

Figure 5. 

 
Figure 5: Correlation between M/Si ratio in the internal and external surface at 

different pH, a) Pb/M and b) Ca/M. 

 

 According to Figure 5a Pb was initially homogeneously distributed along the 

matrices.For the internal surface, Pb content seems to be much reduced in acid pH, 
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probably due to migration towards the external medium. Nevertheless, alkaline 

medium (pH 8) seems not to affect the Pb/Si ratio, if compared to the blank. The Ca 

leaching behavior is similar in the Blank samples.Nevertheless, Ca seems to be more 

prone to leaching under these investigated conditions, considering that a reduction in 

Ca in the external surface is observed both in the external, as in the internal surface. 

Contrarily to Pb, in the internal surface, the Ca content is lower in pH 7 and 8, than in 

pH 5, like is observed in another studies. The results of XRF analyses suggest that 

the Ca migration in all matrices exposes in pH solution have significance decrease in 

the external surface.  

 
Conclusion 
In this study was observed that the blocks submitted a long time cure reduce 

the leaching of the metal. The exception is the blocks submitted to pH 8, short or long 

cures have good results. The S5 presented the worst results, independent of the cure 

time, suggesting that acid pH can cause damage for these blocks. In compressive 

strength tests blocks with a longer cure period show higher resistance. But this 

blocks when suffer the action of the pH show a smaller resistance, which suggests 

that the external environment reduces the block resistance and that longer cure 

period the action of the metal is bigger.  

The correlation of XRF data with compressive strengths data appointed that the 

Ca leaching in those matrices contributes to resistance decrease. The same 

analyses suggest that the Ca migration in all matrices exposes in pH solution have 

significance decrease in the external surface. This form is demonstrate that the 

aggressive medium is very important to determinate a possible application of this 

matrices.  
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