RHEOLOGICAL STUDY TO PRODUCE AN AUSTENITIC STAINLESS STEEL BY AQUEOUS COLLOIDAL ROUTE
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ABSTRACT
Colloidal processing is a technique widely used in the production of ceramic components. Papers published in the last decade have shown the possibility of obtaining highly concentrated aqueous suspensions of metal particles stable from pH control and addition of dispersants. This paper aims to make a rheological study for the synthesis of an austenitic steel from elemental powders of iron and nickel by aqueous colloidal route. For this, measurements were made of zeta potential between pH 2 and 12 composition Fe30Ni wt.% and suspensions with solid contents up to 45 vol.%. The suspensions were processed by slip casting and compressed characterized by green density.
1 introduction

In recent years, great effort has been devoted by the researchers to allow the stabilization of aqueous colloidal suspensions of metal particles, primarily due to great environmental appeal. The difficulty in dispersing metal micronic particles in water is due especially to their surface characteristics. Second, there is strong tendency towards agglomeration and their higher density over that of ceramics, which results in the sedimentation of these particles. (HERNÁNDEZ, MORENO, et al., 2005)(SÁNCHEZ-HERÊNCIA, MILLÁN, et al., 2001) The first material of interest to initiate the study was nickel, early in 2000, focused on new route to produce anodes for fuel cells, coatings, and metal-ceramic composites. (SÁNCHEZ-HERÊNCIA, MILLÁN, et al., 2001) (HERNÁNDEZ, MORENO, et al., 2005) (FERRARI, SÁNCHEZ-HERÊNCIA e MORENO, 2006) (FERRARI e MORENO, 2004) (FERRARI, SÁNCHEZ-HERENCIA e MORENO, 2002) Subsequently, Lussoli (LUSSOLI, 2010) conducted a study with the aim of dispersing Fe particles in an aqueous media, producing bulk compacts which acted as carriers of ceramic nanoparticles applied to the nucleation of graphite in gray cast irons.

Conceptually, when a metal is exposed to air, readily form an oxide layer of a few nanometers which is quickly stabilized. However, upon contact with water the surface behavior changes differently depending on the conditions of pH. Hernández and co-authors studied the colloidal behavior of particles of Ni showing that at acidic pH, the particle surfaces partially dissolved in the liquid to form Ni+2 species which readily degrades the metal particles. However, at basic pH (to pH 9), there was the formation of a passivation layer of NiO(OH)2. Thus, for the production of aqueous suspensions of metal particles it is required to work in basic conditions to control the thickness of the oxidation layer. Then, this can be further reduced or eliminated by heating with reducing atmospheres to maintain the integrity of the compact. (HERNÁNDEZ, MORENO, et al., 2005)
Stability occurs when the particles are kept apart each other throughout the medium and requires the development of repulsive forces stronger than the van der Waals forces. Thus, rheology constitutes a powerful concept to evaluate the stability of suspensions. The measurement of flow curves for different dispersant concentrations allows us to determine the value at which a minimum viscosity is obtained and thus, to evaluate the best dispersing conditions for further processing steps. The solid loading of the slurry should be as high as possible, while maintaining a viscosity low enough to ensure the flow capability during shaping (milling, pumping and pouring into a mould) (MÜLLER, PEUKERT, et al., 2004). The objective of this paper is to present a rheological study to produce steel with austenitic microstructure by solid state reaction through a colloidal route.  

2 Experimental procedure

2.1 Characterization of the raw materials

Commercial Nickel (Inco T-110, Canada) and Iron (Diafe 2000, Germany) powders with mean particle sizes of 2.5 and 1.6 µm respectively and densities of 8.7 g/cm3 for nickel powder and  7.6 g/cm3 for iron powder. Particle size distribution was measured with a laser analyser (Mastersizer, Malvern, UK). Surface area was measured by one point N2 adsorption (Monosorb, Quantachrome, USA). Powder density was measured with a helium picnometer (Multipicnometer, Quantachrome, USA). Zeta potential measurements of copper powder were determined by laser Doppler velocimetry (Zetasizer NanoZS, Malvern, UK). For this purpose, suspensions with solid concentration of 0.1 g/l−1 were prepared in a 10−3 M KCl inert electrolyte. Aqueous suspensions were prepared by ultrasonic mixing using a 400W sonication probe (Hielscher UP400S, Germany) for 1 min. HCl and KOH 10-1M were used for pH adjustments. 

2.2 Slurry preparation

Aqueous suspensions of Fe30Ni wt.% were prepared to final solids contents of 30, 40 and 45 vol.%. These suspensions were stabilized with a commercial polyacrylic acid based polyelectrolyte (Duramax D-3005, Rohm and Haas, USA). The concentrations of dispersant considered to formulate the suspensions were 2.0 wt% for Fe (LUSSOLI, 2010) and 0.6 wt% for Ni. (SÁNCHEZ-HERÊNCIA, MILLÁN, et al., 2001) adding tetramethyl ammonium hydroxide (TMAH) up to pH 10. 

Rheological characterisation was carried out using a rheometer RS50 (Thermo, Haake, Germany) with a double cone/plate sensor configuration (DC60/2°, Thermo Haake, Germany) with a testing temperature of 25°C. The flow behavior was measured by controlled rate (CR) experiments that were carried out employing a measuring program in three stages; first a linear increase of shear rate from 0 to 1000 s-1 in 3 min; a plateau at the maximum shear rate (1000 s-1) for 30 s, and a decrease to zero shear rate in 3 min. 

3 Results and discussion

Fig. 1 shows the evolution of zeta potential of the suspensions of the individual powders, as well as that of the mixture of powders to produce Fe30Ni alloy. The  figure shows the zeta potential curve of Ni powder according to the study published by Hernández (HERNÁNDEZ, MORENO, et al., 2005) and the curve of Cu powder measured by Lussoli (LUSSOLI, 2010). The curve obtained  for the mixture shows the predominance of surface characteristics of Fe, however, there was a shift to the left, causing the value of the isoeletric point to slightly decrease to pH 6,6. To avoid surface dissolution of Ni it is necessary to work at alkaline pH, (>9), where the magnitude of the zeta potential values is high enough to assure stability..
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Figure 1: Zeta potential of Fe30Ni mixed powders.
The slurry with solids concentration of 30 wt% was too fluid, enabling to increase the solids concentration. Concentration was increased up to 45 vol.% giving suspensions with viscosities low enough to be measured. The values ​​of viscosity at high shear rate (1000 s.-1) of the optimized slurries are shown below in Fig. 2. According to the curve, the suspension with the best rheological condition was 40 vol.% due to the exponential increase in the viscosity of the suspension with 45 vol.%.
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Figure 2: Viscosity versus load fraction for Fe30Ni aqueous suspensions.
The rheological behavior of the suspension with 40 vol.% is shown in Fig. 3. The suspensions exhibited a pseudoplastic behavior, with reduced viscosity with increasing shear rates and almost no thixotropy. It is worthy to mention the importance of applying ultrasonic vibration for the breakdown of the agglomerates. The flow curves of the suspensions indicated that mechanical mixer itself cannot effectively disperse the particles. However, applying the ultrasound probe at a very high frequency, agglomerates are broken leading to a better dispersion. The time of ultrasounds needed for the dispersion of this composition was 1 min.
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Figure 3: Influence of sonication .under the flow curves
Three rheological models were tested for the rheological optimized curve: Casson, Hershell-Bulkley and Cross models. The model that better fit the curve was the Cross model. However other models presented good fittings also,
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Being: R2 = 0,9993;
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(2)

Being: R2 = 0,9996;
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(3)
Being: R2 = 0,9999;

The values ​​of density of the green cast compacts are shown in Fig. 4. Note that the values ​​are very similar between the concentrations of solids. On average, the composition with 40 vol.% solids again achieves the best results, supporting the concept that the balance between the maximum solids content with low viscosity produces compressed with good packing, low shrinkage during and higher densification
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Figure 4: Densities of Fe30Ni green cast compacts.

4 conclusions

This work presented a preliminary study for the production of Fe-Ni alloy, applying the aqueous colloidal route. The results showed that the zeta potential of the particles of Ni influence on the curve. The best solids concentration to prepare the suspension was 40 wt% and from this, there was an exponential increase in its viscosity. The rheological models that best fit the flow curves was the Cross model, due to the increased number of variables and hence a better fit. Finally, the green density values ​​did not change significantly within the solids concentration range studied.
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