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Abstract. A new method for removal of impurities in pure molten aluminum has been presented in this paper. The basic principle of this method is that the molten fluxes are forced to inject into the molten aluminum under counter-gravity, creating strong vortex to mix fully with the molten aluminum. In this way, the impurities in the aluminum will transfer into the flux because of the absorption of the flux to the inclusions. As the result, the molten aluminum is purified. The experiments were carried out for pure aluminum combined with the flux (40wt.% NaCl，30wt.% KCl，10wt.% NaF and 20wt.%Na3AlF6). The results show that after 3 purifying cycles (6 minutes), the inclusion contents decreased from 2. 1% to 0.35%, a removal rate of 83.3%; and hydrogen concentration decreased from 0.37ml/100gAl to 0.12ml/100gA, with hydrogen removal rate being 68%.
Introduction
Impurities in the aluminum adversely affect the mechanical, physical and chemical properties of aluminum castings, such as the strengths, electrical and thermal conductivities and corrosion resistance, and so on. Therefore, removal of impurities in molten aluminum is a important task that has to be carried out before the molten aluminum alloy is poured into the mould cavity. Currently, purification of molten aluminum mainly includes floatation, filtration, vacuum, electromagnetic field and supersonic methods, etc [1-4]. Flux method is one of the traditional techniques that has been widely used for purification of aluminum [5-7]. The principle is the flux covers the surface of the melt, and the smelting process is under the protection of the flux to protect the melt from oxidation. On the other hand, the impurities in the melt will transfer spontaneously into the flux. However, because the flux only covers the melt surface, purification effects are weakened greatly by too small contacting interface between the flux and aluminum melt. Aiming at the limitations, a new purification method, flux injection method has been put forward in this paper.
Experiment methods
The apparatus for flux injection is shown in Fig. 1. The molten aluminum to be purified (8) is in the lower holding furnace (1), and is covered by the molten flux (7). Switch on valve V1 to increase the pressure in the lower holding furnace. The molten aluminum is forced to flow upwards from the feed tube (6) into the crucible which is placed in the upper holding furnace (3), then the molten flux injects into the molten aluminum and is uniformly mixed with the molten aluminum. When the pressure reaches the set value in the lower holding furnace, the valve V1 is switched off and the valve V2 is switched on, the pressure in the lower holding furnace decreases to the same as that in the upper holding furnace. Thus the molten aluminum and flux in the upper crucible will flow back under gravity to return to the lower holding furnace, completing a full cycle. It took 2 minutes for each full cycle. The molten aluminum was protected from oxidation by inert argon which enters from the inlet 5 and out from the outlet 4 at a flow rate of 0.1m3 per hour. Pure aluminum was employed for the experimental material. The flux consists of NaCl: 40wt.%, KCl: 30wt.%, NaF: 10wt.% and Na3AlF6: 20wt.%. The detection of inclusions was conducted based on image analysis technique that had been developed by our researching group [8].
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Fig. 1 Schematic sketch of flux injetion apparatus
Hyscan II hydrogen analyzer by BNF Metals Technology Centre for the UK Light Metal Founders Association was used for measurement of hydrogen concentration, as shown in Fig. 2. A constant mass of the melt (approximately 100g) is placed in a chamber and the pressure reduced rapidly to a predetermined value by a vacuum pump. The chamber and associated vacuum system is then isolated from the pump and the sample allowed to solidify. As the melt cools hydrogen is released and its partial pressure is measured by a calibrated Pirani gauge whose output is converted continuously to a digital display of hydrogen contents.
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Fig. 2  Schematic sketch of hydrogen content tester
The experimental results

The influences of flux injection on the hydrogen contents. The alloy was smelted at an IF furnace and the molten aluminum was transferred into the lower holding furnace to adjust the temperature. Flux injection was carried out at 730℃, and the samples were taken from the crucible to measure contents of hydrogen after each cycle. The measurements were repeated 5 times for one full cycle. 4 experimental cycles were carried out and 20 measurements were done. 
The morphology of cross sections of the samples was shown in Fig. 3. It is clear that the porous honeycomb-like morphology on the cross section indicates higher hydrogen content due to the precipitation of the hydrogen during solidification of the samples. The precipitating pressure of hydrogen Pg can be expressed by the following equation [9]:
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where, C0 is initial hydrogen content in the molten aluminum; fs(t) and fl(t) are solid and liquid fraction, respectively, both of which are functions of solidification time; kS and kl are the coefficients of solubility of hydrogen in the molten aluminum, respectively. The equation (1) indicates that the precipitation pressure is direct proportional to the squire of hydrogen content and the precipitation pressure increases with the proceeding of solidification. Therefore, the pressure will be large enough to overcome the surface tension of the melt to form porosity in the solidifying casting. As the Fig.3 shows, hydrogen contents reduce as the flux injection time increases. The hydrogen concentration decreased from 0.37ml/100gAl (3a) to 0.12ml/100gAl (3d) after three cycles (6 minutes), with hydrogen removal rate being 68%.
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Fig.3 The section of samples before and after purification: (a) no treatment;
(b) after treatment 2 min; (c) after treatment 4 min; (d) after treatment 6 min

The influences of fluxes on the inclusion contents. The impurity contents before and after the treatment were seen in Table 1. It could be seen that average impurity content reduced from 2.1% before treatment to 0.33% after treatment, a removal rate of 83.3%. 
The impurities in the aluminum mainly include aluminum oxide and dross that may originates from dirty tools, sand and other molding debris, sludge and the oxidation of alloying elements. The most notable impurity in the melt is the oxides which is formed through the chemical reaction between water and aluminum.  It is dispersedly distributed in the melt and usually of small size (from less than 1 to hundreds of micron and of flocculent structures), which is extremely harmful to the properties of the materials.
Table. 1 The impurity content before and after flux ejection treatment
	Heat No.
	No treatment
	After treatment
	Inclusion removal ratio [wt%]

	J1
	 AVERAGE() 2.1
	0.37
	

	J2
	1.8
	0.33
	

	J3
	2.4
	0.40
	

	J4
	1.9
	0.26
	

	J5
	2.0
	0.38
	

	average
	2.1
	0.35
	83.3


Conclusions

Flux injection technology has been presented in this paper. The flux and the aluminum melt can be mixed fully by driving the flux to inject the melt against gravity under the function of  the pressure differential between the melt and the flux. The experiments were carried out for pure aluminum with the flux (40wt.% NaCl, 30wt.% KCl, 10wt.% NaF and 20wt.%NA3AlF6). The results show that after 3 cycles (6 minutes), the impurity contents decrease from 2.1% to 0.35%, a removal rate of 83.3%; and hydrogen concentrations reduce from 0.37ml/100gAl to 0.12ml/100gAl, a hydrogen removal rate of 68%. The industrial research has been under way.
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