

  materials-12-02325




materials-12-02325







Materials 2019, 12(14), 2325; doi:10.3390/ma12142325




Article



Hydration Resistance of CaO Material Prepared by Ca(OH)2 Calcination with Chelating Compound



Jinhu Wang, Yaowu Wei *, Nan Li and Junfeng Chen





The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China









*



Correspondence: weiyaowu@wust.edu.cn; Tel.: +86-27-68862511







Received: 11 June 2019 / Accepted: 18 July 2019 / Published: 22 July 2019



Abstract

:

The hydration resistance of CaO materials prepared by Ca(OH)2 calcination with chelating compounds are investigated in this paper. The crystalline phases and microstructure characteristics of sintered specimens were studied by X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), scanning electron microscopy and energy dispersive spectrometer (SEM, EDS). The bulk density, apparent porosity, and hydration resistance of samples were also tested. The results showed that chelating compounds improved the hydration resistance of the treated CaO specimens significantly. The surface-pretreated specimens showed an increase in bulk density and a decrease in apparent porosity after heating. The surface pretreatment of the Ti chelating compound promoted the solid phase sintering and grain growth of CaO specimens, which increased the density of the heated CaO sample. The Al chelating compound promoted the liquid-phase sintering of CaO specimens, which led to the grain growth and increased density of the sample. CaO grains were bonded by the formed tricalcium aluminate (C3A) and the apparent porosity of the sample was reduced, reducing the contact area of CaO with water vapor. The Al chelating compound was more effective in improving the hydration resistance of the CaO material in the situation of this study.






Keywords:


CaO material; hydration resistance; chelating compound; surface pretreatment












1. Introduction


CaO refractories have excellent properties such as high stability, low vapor pressure at high temperature, good slag resistance, high refractoriness, and excellent action in purifying molten steel [1,2,3]. It does not pollute the molten steel but absorbs non-metallic inclusions such as S, P, Al2O3 in the molten steel [4,5,6]. In addition, it is one of the best materials for preparing crucibles, filters, and nozzles used for metallurgical purposes. However, CaO’s easy hydration characteristic is a limiting factor in many applications, as well as in storage and preparation. The research on improving the hydration resistance of CaO refractories has been uninterrupted in the past thirty years, and there are two main methods to enhance the hydration resistance of CaO materials. The first method consists of introducing additives by promoting solid-phase sintering (e.g., ZrO2 [7,8,9], TiO2 [10], rare earth oxides La2O3 [11] and CeO2 [4,12]) or liquid-phase sintering (e.g., Al2O3 [13], Fe2O3 [14,15], CuO [16], V2O5 [17], Cr2O3 [18], etc.) which will respectively produce CaO materials with a denser structure, or form a low-melting-point phase to coat the surface of the CaO grain. Kahrizsangi et al. reported that the addition of nano-TiO2 to a magnesite-dolomite refractory matrix helped in the densification process by solid-state sintering and increased the hydration resistance [10]. Wei et al. studied the effects of Zr(OH)4 and Al(OH)3 on the hydration resistance of CaO granules. The results showed that the hydration resistance of CaO granules was improved significantly [19]. Those methods reduced the contact area of CaO with water vapor and improved the hydration resistance of CaO materials. The formation of vitreous phases was conducive to a better resistance to hydration [20]. The second method is surface treatments such as carbonation, phosphate treatment, siloxane solutions, or anhydrous organics [21,22,23]. Chen et al. investigated the effect of carbonation on the hydration resistance of CaO materials and established that carbonation treatment effectively improved the hydration resistance of CaO materials [24].



A new idea is introduced in this paper in order to prolong the shelf life of CaO materials. Ca(OH)2 was selected as the raw material for the preparation of CaO sample in this study. The shaped Ca(OH)2 sample was pretreated with chelating compound first and then heated at high temperature. The chelating compound formed a good coating by physical and chemical reactions with Ca(OH)2. The chelating compounds used in this paper decomposed between 200 and 300 °C to form more active oxide by decomposition and reaction with O2 in the air. The corresponding metal oxide, via decomposition of chelating compound, then reacted with the CaO which had formed from the decomposition of Ca(OH)2 during heating. This phenomenon promoted the sintering of CaO and improved the hydration resistance of CaO material.




2. Experimental Procedure


Active lime was used as the raw material (Wugang Refractory Company, Wuhan, China), and the chemical composition of the active lime is shown in Table 1. The pretreatment reagents were Ti chelating compound (Nanjing Capatue Chemical Company, China, CAS Number 68586-02-7) and Al chelating compound (Alfa Aesar Chemical Company, China, CAS Number 14782-75-3). The properties of the chelating compounds are shown in Table 2.



Active lime was used to prepare Ca(OH)2 in this study. The Ca(OH)2 powder was prepared by hydrating, filtrating, drying, and fine grinding the active lime. The prepared Ca(OH)2 powder was pressed into a cylindrical sample of Ø36 mm × 20 mm under a pressure of 60 MPa. The apparent porosity of the obtained Ca(OH)2 sample was 43.2%. The Ca(OH)2 cylindrical samples were then placed into two prepared chelating compound solutions (ethanol solution of 75 mass% concentration) before being impregnated in vacuum for 10 min. After the samples were dried out, the amount of absorbed Ti chelating compound and Al chelating compound were measured to be 6.92 wt.% and 7.09 wt.%, respectively. After that, the samples were sintered at 1600 °C for 3 h. The composite structure was carried out by infiltration [25]. The experimental process is shown in Figure 1. The sample without pretreatment was named C0, samples pretreated with Ti and Al chelating compounds were named CT and CA, respectively. Two measurements were used to evaluate the hydration resistance of CaO materials (the tests of CaO sample weight gain rate were done in a curing chamber and in air, respectively). Thermal analysis (TG-DSC) was used to assist the characterization of hydrated samples. Scanning electron microscopy (SEM, Nova 400 Nano-SEM, FEI Company, Hillsboro, OR, USA) and EDS spectrum analysis (INCA IE 350 Penta FET X-3, Oxford, UK) were used to assist the analysis of the sample microstructure before and after hydration test. The composition of the surface phase of CaO specimens obtained by pretreatment was studied by X-ray diffraction analysis (X’Pert Pro, Philips, Eindhoven, the Netherlands; using Ni-filtered Cu Kα radiation at a temperature of 20 °C) and X-ray photoelectron spectroscopy (Thermo Escalab 250XI, Thermo Fisher Scientific, Waltham, MA, USA). The bulk density and the apparent porosity of the specimens were measured using Archimedes’ method with kerosene.




3. Results and Discussion


3.1. Hydration Resistance of CaO Samples


For measurement 1, specimens were placed in a chamber under a constant temperature of 50 °C and humidity of 90% for 10 h. In measurement 2, the specimens were placed in the air for 35 days. During this time, the temperature varied from 7.8 °C to 24.4 °C, and the relative humidity varied from 28% to 96%. The hydration resistance of the specimens was characterized by the weight gain rate, as in the following Equation (1):


Weight gain rate = (M2 − M1)/M1*100%,



(1)




where M1 is the weight of the sample before hydration, and M2 is the weight of the sample after hydration.



(і) The results obtained under controlled conditions are shown in Figure 2. It could be seen from the results that the average hydration weight gain rate of sample C0 was 0.55%. However, the hydration weight gain rate of samples CT and CA decreased to 0.15% and 0.11%, respectively.



(іі) The hydration weight gain rates of the samples placed in the air are shown in Figure 3. The hydration weight gain rate of sample C0 increased significantly during testing and gained more than 0.8% weight in 35 days. However, the weight gain rate of sample CT was about 0.3%. In particular, the weight gain rate of sample CA was about 0.02% after 35 days. The results showed that both chelating compounds could significantly improve the hydration resistance of CaO samples, and the Al chelating compound was more effective.



Figure 4 shows the TG results presenting mass losses of hydrated samples after being tested in measurement 1. The hydrated sample was uniformly ground and then subjected to thermal analysis under N2 atmosphere. The lesser mass losses in the TG result indicated the lower weight gain rates of samples CA and CT in the hydration test. It can be seen from Figure 4 that the mass loss of sample C0 was the largest and that of sample CA was the smallest, meaning that the Al chelating compound enhanced the hydration resistance of CaO samples more effectively.




3.2. Densification


Figure 5 shows the effect of surface pretreatment on the apparent porosity and bulk density of sintered CaO samples. The bulk density of sample CT increased from 2.99 g/cm3 to 3.07 g/cm3, and the apparent porosity decreased from 4.12% to 1.33% when compared with sample C0. At the same time, the bulk density of sample CA increased to 3.13 g/cm3 and the apparent porosity of sample CA decreased to 1.04% when compared with sample C0.



The densification of the samples after surface pretreatment was improved, which reduced the amounts of open pores and cracks on the surface of CaO material. Al2O3 was a decomposition product of the Al chelating compound at high temperature, which acted as a liquid-phase sintering aid to promote the grain growth of CaO, making the structure denser [26]. TiO2 was a decomposition product of the Ti chelating compound; it can also promote solid-phase sintering of CaO because Ti4+ replaces Ca2+ to form a solid solution at high temperature and produces Ca vacancy [VCa’’] (Equation (2)) [27]. The diffusion and migration of atoms are the basic factors for sintering. The generation of vacancies provides a diffusion source of particles. This can improve the self-diffusion coefficient and the vacancy diffusion coefficient. This is beneficial to the diffusion and migration of the particles, and promotes sintering [28].




TiO2→CaOTi▪▪Ca+V″Ca+2OO



(2)






3.3. Phase Analysis of CaO Samples


Figure 6 shows the XRD patterns on the surface of the samples sintered at 1600 °C for 3 h. The figure indicates that Ca3Ti2O7 was formed on the surface of the sample CT, and it promoted the sintering density of the CaO sample. A small amount of Ca3Al2O6 was formed on the surface of the sample CA, which had a positive effect on preventing the surface of the CaO sample from contacting with water vapor. Ca3Ti2O7 and Ca3Al2O6 phases were found in the CaO-TiO2 and CaO-Al2O3 phase diagrams (Figure 7). The surface treatment of CaO material slowed down the hydration process in two aspects. The first was in the formation of a small amount of water-resistant compounds on the surface of CaO which filled the pores on the surface, reducing the contact area between CaO grains and water vapor. The second was in the promotion of the sintering degree of the surface portion of the CaO sample, which reduced the porosity and the probability of defect formation.



Figure 8 shows the mechanism of the effects of chelating compounds on the hydration resistance of CaO. The samples were placed in the chelating compound solution under vacuum conditions. The chelating compound penetrated into the open pores of the Ca(OH)2 sample and coated the surface of the sample; it was then pyrolyzed into an oxide and reacted with CaO to form a new phase, which promoted the sintering of the sample.



Figure 9 shows the X-ray photoelectron spectroscopy (XPS) analysis on the surface of CaO sample CA (C1s was the introduced carbon correction peak). From the chemical shift in the binding energy of O 1p, Ca 2p, Al 2p, Si 2p, and Mg 2s, the oxygen was present in the form of M-O (M included Ca, Al, Si, and Mg). In particular, the existence of Al was found mostly in the form of [AlO4] tetrahedron (73.8 eV) [29] (possibly containing a small amount of [AlO6] octahedron). Compared with the tetrahedral [AlO4] and octahedral [AlO6] mixed structure of Ca3Al2O6, the hole in the lattice [AlO4] was smaller. That might make it more difficult for OH- to enter the crystal interior and slowed down the sample’s hydration rate. The improvement of the hydration resistance of sample CA might also be attributed to the substitution of Si-O (101.82 eV) or Mg-O (88.873 eV) for the part of Al-O inside of the Ca3Al2O6 crystal that existed on the surface of CaO sample.




3.4. Microstructural Analysis of CaO Material


Figure 10 shows images of the samples’ surface microstructure after having been heated at 1600 °C for 3 h. Table 3 shows the energy-dispersive spectrometry (EDS) results of points A, B, and C in Figure 10. The average gap sizes of C0, CT, and CA were respectively 4.62, 2.31, and 1.44 μm. It can be seen that the gaps between the CaO grain boundaries in sample CT and CA were smaller than those in sample C0. Sample CA had the most compact structure. Ca3Ti2O7 was formed at the grain surface and the grain boundary, filling pores and enhancing the degree of crystal bonding. For sample CA, the surface grain size development was significantly greater than that of sample C0, which increased the grain size of CaO from 50 to 70–100 μm. Ca3Al2O6 was formed on the grain boundary and filled triple points, which increased the density of the crystal. The formation of a liquid phase at high temperatures facilitated grain growth because of the faster migration rate of atoms in the liquid phase. Although Ca3Al2O6 was also hydratable, it converted some free CaO to Ca3Al2O6, and the hydration resistance was better than that of CaO-covered defects sites [30]. Chelating compounds promoted the bonding of CaO grains on the surface and formed a protective coating to reduce the contact area between CaO and water vapor, thus enhancing the hydration resistance of the CaO sample.



Figure 11 shows the surface microstructure of the samples after being placed in air for 7 days. The dark parts in Figure 11 are unhydrated CaO particles, and the light parts covering the black CaO grains are Ca(OH)2 particles. Figure 11a shows the hydration of the sample C0, and there were even cracks due to hydration. It can be seen from Figure 11c that the CaO in the CA sample showed little hydration. This also confirmed that the hydration resistance of the CaO sample pretreated by the Al chelating compound was the best of all the tested samples.



Figure 12 shows cross-sectional SEM images of CaO samples before and after the hydration test. It shows that Ca(OH)2 layers were formed on the surface of the CaO samples after the hydration. The Ca(OH)2 layer formed in Figure 12d (sample CA) was the thinnest, indicating the lowest reaction degree of CaO and water vapor. Therefore, the hydration resistance of the CaO sample pretreated by Al chelating compound was greatly improved.





4. Conclusions


Both Ti and Al chelating compounds enhanced the hydration resistance of the CaO material significantly. At the same time, both promoted the surface sintering of CaO and reduced the contact area of CaO with water vapor, making the surface structure much denser. Chelating compounds decomposed at high temperature, and the decomposition products reacted with CaO to form water-resistant compounds which filled the pores and cracks located on the surface of the CaO material. Comparing the experimental results, it can be stated that the pretreatment with Al chelating compound on the surface of CaO sample improved the hydration resistance of CaO material tremendously.







Author Contributions


J.W. performed all the experiments and wrote the manuscript with opinions from Y.W. and N.L., J.C. supervised the work.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Otham, A.G.M.; Abuel, M.A.; Serry, M.A. Hydration-resistant lime refractories from egyptian lime stone and ilmenite raw materials. Ceram. Int. 2001, 27, 801–807. [Google Scholar]

	



Liu, X.; Zhou, Y.; Shang, B. Effect of oxides on the sintering process and the hydration resistance of CaO clinkers. Ceram. Int. 1996, 45, 78–80. [Google Scholar]

	



Kahrizsangi, S.G.; Nemati, A.; Shahraki, A.; Farooghi, M. Effect of nano-sized Fe2O3 on microstructure and hydration resistance of MgO-CaO refractories. Int. J. Nanosci. Nanotechnol. 2016, 12, 19–26. [Google Scholar]

	



Zhang, H.; Zhao, H.Z.; Zhen, J.; Li, J.; Yu, J.; Nie, J. Defect study of MgO-CaO material doped with CeO2. J. Adv. Mater. Sci. Eng. 2013, 20, 1–5. [Google Scholar] [CrossRef]

	



Khlebnikova, Y.; Zhukovskaya, A.E.; Seliovanova, A.N. Methods for determining hydration resistance of refractories. Refract. Ind. Ceram. 2007, 48, 2–6. [Google Scholar] [CrossRef]

	



Chen, S.; Chen, G.; Cheng, J. Effect of additive on the hydration resistance of material synthesized from the magnesia-calcia system. J. Am. Ceram. Soc. 2000, 83, 1810–1812. [Google Scholar] [CrossRef]

	



Peng, C.; Li, N.; Han, B. Effect of zircon on sintering, composition and microstructure of magnesia powders. Sci. Sinter. 2009, 41, 11–17. [Google Scholar] [CrossRef]

	



Kahrizsangi, S.G.; Barati, M.; Gheisari, H.; Shahraki, A.; Farooghi, M. Densification and properties of ZrO2 nanoparticles added magnesia-doloma refractories. Ceram. Int. 2016, 42, 15658–15663. [Google Scholar] [CrossRef]

	



Chen, M.; Lu, C.; Yu, J. Improvement in performance of MgO-CaO refractories by addition of nano-sized ZrO2. J. Eur. Ceram. Soc. 2007, 27, 4633–4638. [Google Scholar] [CrossRef]

	



Kahrizsangi, S.G.; Shahraki, A.; Farooghi, M. Effect of nano-TiO2 additions on the densification and properties of magnesite-dolomite ceramic composite. Iran. J. Sci. Technol. Trans. A 2018, 42, 567–575. [Google Scholar] [CrossRef]

	



Ghonemi, N.M.; Mandourand, M.A.; Serry, M.A. Phase composition, microstructure and properties of sintered La2O3-doped lime and dolomite grains. Ceram. Int. 1990, 16, 215–223. [Google Scholar] [CrossRef]

	



Ghoneim, N.M.; Mandour, M.A.; Serry, M.A. Sintering of lime doped with La2O3 and CeO2. Ceram. Int. 1989, 15, 357–362. [Google Scholar] [CrossRef]

	



Yu, H.; Han, B.; Zhang, T. The effect of Al2O3 addition on the sintering properties of CaO clinker. J. Ceram. 2017, 38, 700–705. [Google Scholar]

	



Kahrizsangi, S.G.; Nemati, A.; Shahraki, A.; Farooghi, M. Densification and Properties of Fe2O3 nanoparticles added CaO refractories. Ceram. Int. 2016, 42, 12270–12275. [Google Scholar] [CrossRef]

	



Wei, Y.W.; Li, N. Effect of Fe2O3 addition in MgO-CaO refractory on desulfurization of liquid iron. J. Iron Steel Res. Int. 2003, 4, 4–7. [Google Scholar]

	



Ghosh, A.; Bhattacharay, T.K.; Mukherjee, B.; Das, S.K. The effect of CuO addition on the sintering of lime. Ceram. Int. 2001, 27, 201–204. [Google Scholar] [CrossRef]

	



Ghosh, A.; Bhattacharay, T.K.; Mukherjee, B.; Maiti, S.; Tripathi, H.S.; Das, S.K. Densification and properties of lime with V2O5 additions. Ceram. Int. 2004, 30, 2117–2120. [Google Scholar] [CrossRef]

	



Kahrizsangi, S.G.; Dehsheikh, H.G. MgO-CaO-Cr2O3 composition as a novel refractory brick: use of Cr2O3 nanoparticles. Bol. Soc. Esp. Ceram. Vidr. 2017, 56, 83–89. [Google Scholar] [CrossRef]

	



Wei, Y.W.; Zhang, T.; Zhang, Q.; Han, B.; Li, N. Improvement in hydration resistance of CaO granules by addition of Zr(OH)4 and Al(OH)3. J. Am. Ceram. Soc. 2019, 102, 1414–1424. [Google Scholar] [CrossRef]

	



Sanchez-Coronado, J.; Chung, D.D.L.; Martinez-Escandell, M.; Narciso, J.; Rodriguez-Reinoso, F. Effect of boron carbide particle addition on the thermomechanical behavior of carbon matrix silicon carbide particle composites. Carbon 2003, 41, 1096–1099. [Google Scholar] [CrossRef]

	



Song, H.S.; Kim, C.H. The effect of surface carbonation on the hydration of CaO. Cement Concrete Res. 1990, 20, 815–823. [Google Scholar] [CrossRef]

	



Gu, H.Z.; Wang, H.Z.; Sun, J.L.; Zhang, W.J.; Hou, D.Z.; Deng, C.J.; Hong, Y.R. Hydration kinetics of CaO-MgO clinker after surface treatment through H3PO4 or Al(H2PO4)3 Solution. Key Eng. Mater. 2002, 6, 224–226. [Google Scholar]

	



Li, Z.; Zhang, S.; Lee, W.E. Improving the hydration resistance of lime-based refractory materials. Int. Mater. Rev. 2008, 53, 1–20. [Google Scholar] [CrossRef]

	



Chen, M.; Wang, N.; Yu, J.; Yamaguchi, A. Effect of porosity on carbonation and hydration resistance of CaO materials. J. Eur. Ceram. Soc. 2007, 27, 1953–1959. [Google Scholar] [CrossRef]

	



Caccia, M.; Camarano, A.; Sergi, D.; Ortona, A.; Narciso, J. Wetting and Navier-Stokes Equation—The Manufacture of Composite Materials. In Wetting and Wettability; IntechOpen: London, UK, 2015; pp. 105–135. [Google Scholar]

	



Shahraki, A.; Ghasemi-kahrizsangi, S.; Nemati, A. Performance improvement of MgO-CaO refractories by the addition of nano-sized Al2O3. Mater. Chem. Phys. 2017, 198, 354–359. [Google Scholar] [CrossRef]

	



Lucion, T.; Duvigneaud, P.H.; Laudet, A.; Stenger, J.F.; Gueguen, E. Effect of TiO2 additions on the densification of MgO and MgO-CaO mixtures. Key Eng. Mater. 2004, 264, 209–212. [Google Scholar] [CrossRef]

	



German, R.M. Sintering Theory and Practice; Wiley-VCH: Weinheim, Germany, 1996. [Google Scholar]

	



Cheng-li, W.; Bei-bei, W.; Ran, T.; Liu-wei, F.; Han-xu, L. Study of mineral structure transformation of coal ash with high ash melting temperature by XPS. Pctrosc Spect Anal. 2018, 38, 2296–2301. [Google Scholar]

	



Kahrizsangi, S.G.; Dehsheikh, H.G.; Karamian, E.; Boroujerdnia, M.; Payandeh, K. Effect of MgAl2O4 nanoparticles addition on the densification and properties of MgO-CaO refractories. Ceram. Int. 2017, 43, 5014–5019. [Google Scholar] [CrossRef]








[image: Materials 12 02325 g001 550]





Figure 1. Schematic diagram of the experimental process. 
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Figure 2. Effect of chelating compounds on the average hydration weight gain rate of CaO samples in the curing chamber. 
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Figure 3. Effect of chelating compounds on the hydration weight gain rate of CaO sample in the air. 
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Figure 4. Effect of chelating compounds on the TG results of hydrated samples. 
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Figure 5. Effect of chelating compounds on the density and porosity of CaO samples 
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Figure 6. XRD phase analysis of CaO surface pretreated by chelating compounds. 
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Figure 7. Phase diagrams of CaO-TiO2 and CaO-Al2O3.
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Figure 8. Mechanism of effects of chelating compound on hydration resistance of CaO material. 
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Figure 9. X-ray photoelectron spectroscopy (XPS) analysis on the CaO surface of sample CA. 
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Figure 10. SEM images of CaO samples: (a) C0; (b) CT; (c) CA. 
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Figure 11. SEM images of sample surfaces placed in the air for 7 days: (a) C0; (b) CT; (c) CA. 
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Figure 12. SEM photo of the sample section placed in the air before and after 14 days (a) Sample C0 before hydration test; (b) Sample C0 after hydration test; (c) Sample CT placed in the air after 14 days; (d) Sample CA placed in the air after 14 days. 
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Table 1. Chemical composition of active lime (wt.%).
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	Raw Material
	CaO
	SiO2
	Al2O3
	Fe2O3
	MgO
	K2O
	Na2O
	TiO2
	L.O.I.





	Active lime
	96.80
	0.44
	0.47
	0.30
	1.59
	0.007
	0.007
	0.005
	0.23
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Table 2. Physicochemical properties of chelating compounds.
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	Item
	Molecular Formula
	Ti (Al) Content (%)
	Relative Molecular Mass
	Density (g/cm3)





	Ti chelating compound
	C15H26TiO6
	9.8
	274.29
	1.040



	Al chelating compound
	C12H23AlO5
	8.9
	350.25
	0.975
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Table 3. EDS analyses of points A, B, and C in Figure 10.
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	Element
	Point A (wt.%)
	Point B (wt.%)
	Point C (wt.%)





	O
	45.07
	54.06
	66.79



	Ca
	54.81
	28.54
	21.09



	Al
	0.12
	17.40
	-



	Ti
	-
	-
	12.12











© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file8.jpg
(wa/B)Aysuap ying.

s
LE]

(%)Anso0d yuaaeddy





media/file13.png
T(C)

2000

1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

CaO - TiO,

Gactsye

ASlag-liq

CasTi207(s)
CasTi4013(s)

0.2

0.4 0.6
Ti02/(Ca0+TiO2)(mol/mol)

0.8 1

T(C)

3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000
800
600

A1203/(CaO+A1203)(mol/mol)

CaO - AlL,O,
G’actSage'"
ASlag-liq

2054
ASlag-lig+tAMonoxide ASlag-lig+Al203]

- - == 1754 18
L 1604 N )

1539 1597 "
¥ F ol ~ - i
= 21362 = Q < ©
= IR Q = = S
| ml < < < <
i S| < @) © 4
IUI ®

) 0.2 0.4 0.6 0.8 1





media/file12.jpg
s Ao

3






media/file18.jpg





media/file9.png
(Jurd/8)Ansudp g
[— (=]

2.80

= = 4
5} N = - <
I o e g o
T T ! I

ey _

c = ]

& FH

=2 iR

— LLLL ]

2 =

e

g 3 3

< M —

L 1 ] 1 ] 1 1 |
- = = = = = = = = =
u; = ) = ot = ol = i =
- -+ e el o1 -l — —] = =

(2p)Ansoaod juaaeddy





media/file14.jpg
healting compound

CaOn): paricie

Vacuum treatment

e






media/file20.jpg





media/file23.png
Ca(OH)2






media/file5.png
35

2
Days

1.0

I L T T T T T
* o A [\
0

0.0

s = =
(94,)3181 ureg Ysro





media/file15.png
chealting compound .
Ca(OH): particle CaO grain coated by new phase (a0 grain

VYacuum treatment

R =

_Hea_t tre_atmint_ ]

~
caone ™ 7%
decomposition





media/file19.png





media/file2.jpg
011

Cu

015

Cr

055

|

Co

0.6

“
3

z 2 o
S

(oo vpes yiopy

3

0.0





nav.xhtml


  materials-12-02325


  
    		
      materials-12-02325
    


  




  





media/file11.png
Intensity (a.u.)

Degree (20)

v v: CaO
: CasAlO¢
eo: CasTi20O7
k)
/] . g
¥
v k4
[N JI_JL_ . )t S U G S
X 1 | i 1 1 1 i 1 1 | i |
20 30 40 50 60 T 80 90





media/file6.jpg
00

s
o

]

"tre






media/file1.png
| Active lime |

hydration

filtrating, drying and grinding
4

| Ca(OH): pnwerl

molding

| Ca(OH): samplesl

chelating compounds treatment
1600°C for 3h
Y

| CaO samples |






media/file10.jpg
v: CaO

Intensity (a.u.)

*: CasALOs

o CasTiz07

[cd k # JL s gl @ o

(<] . 'L « J X I x
A ! ; . | |

10 0 w0 s o s %

Degree (20)






media/file7.png
| ' T ' | ' | ' | ' | : T ' | ' | '
100 200 300 400 500 600 700 800 900 1000

T/°C





media/file16.jpg





media/file3.png





media/file22.jpg





media/file17.png
Intensity(a.u.)

Survey

Intensity(a.u.)

Intensity(a.u.)

1 I
0 100 200

Intensity(a.u.)

70

1 ) ) 1 1 1 ) ) ¥ T ) T v T L T v T 4 T k2 T v T v T y v ) ' 1 ' I M ) ' I ' I M 1 ' I ' ) '
300 400 500 600 700 800 900 10001100 524 526 528 530 532 534 536 538 540 542 544 342 344 346 348 350 352 354 356 358 360 362
B.E.(eV) B.E.(eV) B.E.(eV)
Al2p Si2p Mg2s
i 3 88.873
B Z
= =
) 1 1 1 I T T T T T T T 1 1 M 1 I
72 74 76 78 80 95 100 105 110 115 86 88 90 92 94
B.E.(eV) B.E.(eV) B.E.(eV)






media/file4.jpg
T
21
Days

1.0

T T T T
® e > a
n

s s s
(%)arer ures ysoa

0.0






media/file0.jpg
Active lime

hydration

filtrating, drying and grinding

Ca(OH)2 power

molding

Ca(OH)2 samples

chelating compounds treatment

1600°C for 3h

CaO samples





media/file21.png





