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Abstract The present work studies, in a laboratory apparatus, the co-processing of phosphating coating process sludge in the process of clinker production. A mixture of raw clinker materials and increasing concentrations of phosphating sludge produced the samples analysed. These mixtures were burned at 1450°C for 10 min in an electric furnace. The sludge used basically contained water, ferrous and zinc phosphates, apart from minor elements such as Na, K, S, Pb, Cr and Cu. The raw meal used was obtained in a Brazilian cement plant. The results showed no damage to the clinkerization process with an addition of up to 7.0% sludge. The formation of atypical phases was not observed with additions of up to 5.0%. The major element of the sludge, zinc, shows an average of incorporation of 75%. © 2000 Elsevier Science B.V. All rights reserved. Keywords: Cement; Clinker; Clinkerization; Hazardous waste; Zinc



1. Introduction For decades the cement industry has been used as a cost efficient way for dealing with some inorganic industrial wastes such as blast furnace slag and fly ash. These by-products partially substitute the raw meal, converting what has been regarded as a dangerous and inconvenient residue into a commercial by-product.
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Since the 1970s substitution of part of the fuel by hazardous waste in cement plants has been taking place. This technique, so called co-processing, joins the manufacturing process of such products to the incineration of a residue, where the residue could be used as a secondary raw material or a secondary fuel [1–6]. Phosphating coating process sludge is a residue from the surface treatment of metals. The sludge used basically contains water, ferrous and zinc phosphates, apart from minor elements such as Na, K, S, Pb, Cr and Cu. The conditions found in the rotary kiln suggest that all these elements are present during the clinkerization process as oxides [7,8]. The oxides Na2O and K2O, so called alkalis, are normally present in all the components of the cement raw meal. The alkalis content are usually 0.5–1.3% in Portland cement. While heating a part of this alkalis is volatilized forming a residue, cement kiln dust (CKD), richer in alkalis content than the raw meal [9]. Normally the P2O5 content in Portland cement is up to 0.2%, but cements produced from clinkers with 2.5% P2O5 present good quality but lower strength due to the decomposition of C3S to obtain C2S rich in P2O5. Increasing the P2O5 content increases the free-CaO content and lowers the C3S/C2S rate [9]. The raw meal usually does not present a significant ZnO content. References to the introduction of ZnO are found in the literature due to its mineralizing effect, i.e. the ZnO facilitates the formation of the many phases of the clinker. Increasing the ZnO content decreases the clinkerization temperature. Additions of 1–3% ZnO to the raw meal lowers the clinkerization temperature by 50–100°C [10–13]. About 86– 90% of the zinc introduced is incorporated in the clinker matrix, mainly in the C4AF and C3S phases, the remainder of the zinc is incorporated in the CKD [14]. The present work studies the behaviour of phosphating coating process sludge added to the raw cement meal of Portland cement, and is focused on the co-processing of this residue. Table 1 Elementary analysis of the cement raw meal and phosphating coating process sludge used Analysis Asha MLa,b Ca Si Mg Fe Al Na P Pb Zn a



Cement raw meal (%) 63.7 36.35 25.6 6.5 1.66 1.33 1.39 0.63 0.1 180 (ppm) 75 (ppm)



Phosphate-coating process sludge (%) 75.7 24.33 230 (ppm) 500 (ppm) 31 (ppm) 7.00 186 (ppm) 1.95 5.85 45 (ppm) 8.30



For mass loss and ash content determination, a sample was heated at 1000°C, determining the total mass lost and the remaining ash mass. b Mass loss.
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Fig. 1. X-ray diffraction of the clinker samples. (1) the C3S phase; (2) the C2S phase; and (3) the MgO phase.



2. Experimental procedure Phosphating coating process sludge generated by a Brazilian residues treatment
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plant and raw meal produced by a Brazilian cement plant were used. The utilisation of materials from an established industrial process seemed to be a more realistic way of simulating the industrial process. The sludge was received as slurry and submitted to a drying process at 60°C for a week. The use of low temperatures for drying was done to prevent the loss of any



Fig. 2. Expected and measured incorporation of zinc due to phosphating sludge additions.



Fig. 3. Extrapolation of Fig. 2 lines showing the different percentage between the lines.
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Fig. 4. DTA curves for the raw meal and samples with phosphating coating process sludge additions. (a) Heating curves showing the temperature range of clinkerization reactions. (b) Cooling curves.



volatile compound. The water that was lost was around 74 wt.%. To prevent water absorption by the dry sludge the temperature was kept at 60°C. The raw meal and the sludge elementary composition are shown in Table 1.
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Additions of 0.5; 1.0; 1.5; 2.5; 4.0 and 5.0% of dry sludge to the raw meal were mixed. After being mixed, these samples were pressed (0.2 MPa) in a metallic mould to form 25 mm-diameter,10 mm-height cylindrical samples. These samples were clinkerized in an electrical resistance furnace previously heated to 1450°C. After the temperature had reached 1450°C again, the samples were held at this temperature for 10 min. Cooling was done using a compressed air jet. The clinker produced was analysed by X-ray diffraction analysis to investigate the products of the main phases of the clinker and the formation of any phase due to the introduction of the phosphating sludge in the raw meal. The incorporation evaluation in the clinker samples was done by comparing the expected element content with the data from the chemical analysis of the samples produced. The expected elements content in the clinker samples was calculated by using the data from the chemical analysis of the raw meal and the sludge. The elements content of each sample was calculated by considering the mass loss (calcination) of both the raw meal and the sludge, and the variation due to the addition of sludge. Eq. (1) gives the sludge content variation due to the mass increase corresponding to the sludge addition, where the sludge content of the non-calcined sample is: %Snc =



%Sa 100 +%Sa



(1)



where %Snc is the sludge content in the non-calcined cylindrical sample mixture, %Sa is the sludge addition, and %Sc is the sludge content in the calcined cylindrical sample mixture. Eq. (2) gives the sludge content variation due the mass decrease corresponding to the sludge mass loss, mainly water loss; and the raw meal mass loss, mainly CO2 loss; occurring during calcination. So the sludge content in the calcined sample is given by: %Sc =



%Sa · (1 −MLs) (1 −MLr) + %Sa · (1−MLs)



(2)



where MLs is the mass loss of the calcined sludge (Table 1) and MLr is the mass loss of the calcined raw meal (Table 1). Eq. (3) gives the element content in the calcined raw meal and sludge: %Ec =



%Enc 1 −ML



(3)



where %Ec is the element content in the calcined raw meal or sludge, %Enc is the element content in the non-calcined raw meal or sludge, and ML is the mass loss of the calcined raw meal or sludge (Table 1). With the data from Eqs. (1) – (3) it is possible to find the element content of the calcined cylindrical samples modified due the sludge addition: %Ec =



%Erc +%Esc·%Sc 1 + %Sc



(4)
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where %Erc is the element content in the calcined raw meal and %Esc is the element content in the calcined sludge. The differential thermal analysis (DTA, TGA and DTG) was done in a STA 409C (NETZSCH), using the following parameters: heating rate, 10°C/min; maximum temperature, 1450°C; residence time, 20 min; cooling rate, − 50°C/min; atmosphere, oxygen; gas flux, 100 ml/min; and the pan, Pt–Ir. These parameters simulate, in a simple way, the conditions found in the clinkerization of ordinary clinker raw meal.



3. Results



3.1. X-ray diffraction analysis The X-ray diffraction comparisons (Fig. 1) show that there is no significant modification proportional to the sludge additions. The variation in the band intensity does not follow a pattern, suggesting that these differences are due to the fluctuations normally present in the clinkerization process, such as raw meal composition fluctuations and alteration of the phases quantities due to restricted differences in the clinkerization process. The identified phases, C3S, C2S and MgO, are the expected ones in the composition of the clinkers, i.e. no atypical phases were observed in any sample. Interstitial phases were not detected, which suggests that these phases are present in a vitreous (amorphous) form and could not be detected [13,14].



3.2. Incorporation e6aluation The results of the calculation of the expected elements content in the clinker samples are shown in Table 2. These analyses show that the sludge additions to the raw cement meal only increase the Fe, Na, P, Ni and Zn concentrations. The evaluated increases of P (0.40%), Fe (0.36%), Na (0.08%) and Ni (19 ppm) content, corresponding to the additions of 5.0% of phosphating sludge to the raw meal, showed that these increases are equal to or lower than the ones normally observed in the composition fluctuations of the raw meal. Therefore, the zinc content increases are directly related to the sludge additions. The zinc contents of the clinker samples show an incorporation average of 75.39 5.7%, as shown in Table 3. These plotted data form two lines (Fig. 2), which if extrapolated, show an almost constant (78%) incorporation rate after sludge additions of 5.0%, as shown in Fig. 3.



3.3. Beha6iour during the clinkerization process DTA curves for the samples with sludge additions do not show any significant differences in relation to the raw meal curve. The curves of these samples do not
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Analysis



Sample Raw Meal



Sludge content after calcination (%) Ca (%) Si (%) Mg (%) Fe (%) Al (%) Na (%) K (ppm) S total (ppm) P (ppm) Pb (ppm) Ni (ppm) Zn (ppm) Cr total (ppm) Cd (ppm) Cu (ppm)



0 40.22 10.21 2.61 2.09 2.18 0.99 9112 5499 1571 283 138 118 57 17 16



0.50%



1.00%



1.50%



2.50%



4.00%



5.00%



0.59



1.17



1.75



2.89



4.54



5.61



39.98 10.15 2.59 2.13 2.17 1.00 9059 5471 2016 281 140 761 56 17 17



39.75 10.09 2.58 2.17 2.16 1.01 9008 5444 2450 280 142 1390 56 17 19



39.53 10.04 2.56 2.21 2.15 1.02 8957 5418 2875 279 144 2004 56 17 21



39.09 9.93 2.53 2.29 2.12 1.03 8859 5367 3696 276 148 3192 55 17 25



38.47 9.77 2.49 2.40 2.09 1.06 8721 5294 4860 273 153 4876 55 17 30



38.08 9.67 2.47 2.47 2.07 1.07 8633 5249 5595 271 157 5939 54 17 33



Phosphating Sludge 100 304 (ppm) 661 (ppm) 41 (ppm) 9.25 247 (ppm) 2.58 99 793 7.73 (%) 59 486 10.97 (%) 16 7 346



J. Caponero, J.A.S. Teno´rio / Resources, Conser6ation and Recycling 29 (2000) 169–179



Table 2 Results of the clinker samples expected elements content calculation



Analysis



Zinc content in the mixture (ppm)a Zinc content in the clinker (ppm)b Incorporation (%) a b



Evaluated. Measured.



Sample Raw Meal



0.5%



1.0%



1.5%



2.5%



4.0%



5.0%



118 85.31 72.40



761 504.91 66.31



1390 1133.57 81.54



2004 1440.45 71.86



3192 2610.01 81.78



4876 3639.83 74.65



5939 4665.62 78.56
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Table 3 Zinc incorporation in the clinker
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show different reactions from the raw meal ones. Fig. 4 shows the behaviour of these samples in the clinkerization process. All the curves show a very similar behaviour, but the one of raw meal with 10.0% sludge addition shows fewer expressive reactions within the temperature range of the clinkerization reactions while heating. These results allowed the identification of the following reactions: “ At 1129 96°C the DTA curves showed a peak from an exothermal reaction. This is a typical reaction in the clinker production due to C2S formation [9,15]. “ At 133396°C the DTA curves showed a peak from an endothermic reaction. This is another typical reaction of clinker production due to C3S and liquid formation [9,15]. “ While cooling, the curves showed an exothermal reaction at 12399 8°C, due to the solidification of the present liquid.



4. Conclusions The results observed in the present work allow the following conclusions: X-ray diffraction analysis shows there is no significant modification in the yielded clinker proportional to the sludge additions, neither are there atypical phases formed with additions up to 5.0% of phosphating sludge. Differential thermal analysis of the mixture with up to 7.0% dry sludge additions does not show any significant difference from the analysis of the cement clinker raw meal. In these samples no different reactions from the ones observed in the raw meal curve were observed. Additions of the phosphating sludge up to 5.0% significantly modify only the zinc content of the clinker that was produced. The other analysed elements present a concentration variation within that normally observed in the cement clinker raw meal. The average rate of zinc incorporation in the clinker was 75.3 9 5.7%. Saturation was not observed, even with the addition of 5.0% dry sludge to the raw meal.
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