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1- Introduction
Superalloys contain the significant amounts of valuable
elements such as Ni, Co and Cr. Thus, the scrap superalloy
parts can be considered as a source for recovery of these
metals. Hydrometallurgical processes are considered as
the effective methods to recovery some of such valuable
elements from superalloys. These processes involve
leaching in sulfate and chloride media as well as anodic
dissolution. Naghashian and Halali showed that the
dissolution amount increases with increasing the
electrolyte concentration in anodic dissolution of Inconel
617 superalloy in diluted aqua regia solution as well as
H>SO, and HCI solution. They also revealed that the
dissolution of Ni increases by increasing the voltage and
electrolyte stirring. Palant et al. investigated the effect of
the type of electric current on the anodic dissolution of Ni-
based superalloy ZhS-32 in H,SO. or HNOj3 solutions.
Ni-based superalloy U-500 contains noteworthy
amounts of some precious elements such as Ni, Co and
Cr. In this article, the effect of sulfuric acid concentration,
voltage, temperature, electrolyte stirring and the anode-
cathode distance (ACD) on the anodic dissolution
behavior of Ni, Co and Cr in the scrap U-500 was
investigated.

2- Experimental

Samples of a scrap turbine blade of U-500 superalloy and
316 stainless steel sheets were placed respectively, as
anode and cathode in the sulfuric acid solution (as the
electrolyte) with different concentrations. After adjusting
the stirring speed of the electrolyte, some different
voltages were applied between the anode and cathode for
25 minutes. At the end of each experiment, the anode
weight loss was measured and the anodic slime was
separated from the electrolyte by settling. Then the
dissolution percentages of Ni, Co, and Cr in the solution
were calculated using the corresponding concentrations
obtained from the results of atomic absorption analysis.
The weight of the anodic slime was measured after
washing and drying the favoured sample. Also, the mass
of the dissolved superalloy was determined from the
weight difference between the anodic slime and loss of the

anode. In each experiment, anodic current efficiency (n),
average anodic current density (j) in A/cm? anode
dissolution rate (r) in g/Ahcm? and energy consumption
for dissolution of one gram of alloy (Q) in Wh/g was
calculated. After determining the optimal conditions of
anodic dissolution, the precise chemical composition of
the anodic slime and the solution was determined by the
inductively coupled plasma (ICP) technique, then the
distribution of elements between the ectrolyte and anodic
slime was calculated based on mass balance. Finally, the
phase of the anodic slime was determined by X-ray
diffraction (XRD).

3- Results and Discussion

The effect of electrolyte concentration on anodic dissolution
To investigate the effect of electrolyte concentration,
anodic dissolution experiments were performed using
different concentrations of sulfuric acid as the electrolyte
for 25 minutes at initial temperature of 40°C and 4 V
constant DC voltage, the stirring speed of 300 rpm and
constant ACD of 3 cm. According to Fig.1-a, it can be
seen that the efficiency of the anodic current increases by
increasing the concentration of sulfuric acid. This
behavior can be attributed to the increase in H*
concentration thus higher conductivity of the electrolyte.
On the other hand, the highest dissolution rate is also
obtained at a sulfuric acid concentration of 125 g/L.
Therefore, it seems that for electroleaching of U-500
superalloy, the acid concentration of 125 g/L is the
optimal value. Fig. 1-b illustrates that the dissolution
percentage of Cr is lower than that of Ni and Co in
electrolyte concentrations of 125 and 150 g/L. This
behavior can be related to the different distribution of
these elements in various microstructural phases of U-500
superalloy. Since the selective dissolution was impossible
in the studied concentrations, electrolysis at a
concentration of 125 g/L has been led to the maximum
dissolution of 75.1, 84.3 and 66.7 percentages for Ni, Co
and Cr, respectively.

The effect of applied voltage on anodic dissolution
To investigate the effect of applied DC voltage on the
electroleaching  process, the anodic dissolution
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experiments were performed for 25 minutes under three
different voltages of 3, 4, and 5 V in sulfuric acid
concentration of 125 g/L, stirring speed of 300 rpm, and
ACD of 3 cm. According to Fig. 2 the anodic current
efficiency has decreased from 90.8% to 75.9% by
increasing voltage from 4 to 5 V, and the energy
consumption per dissolution of one gram superalloy has
reached to its lowest value at 4 V. So, it can be concluded
that the anodic dissolution of U-500 superalloy by
applying a voltage of 4 V leads to a better result in terms
of current efficiency, dissolution rate and energy
consumption.
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Fig. 1. Variations of anodic current efficiency and anode
dissolution rate (a), and dissolution percentage of Ni, Co and Cr in
U-500 superalloy (b) vs. concentration of sulfuric acid.
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Fig. 2. Variations of anodic current efficiency and energy
consumption vs. applied voltage.

The effect of stirring on anodic dissolution

To investigate the effect of stirring on the anodic
dissolution of U-500 superalloy, the dissolution
experiments were carried out for 25 minutes in sulfuric
acid concentration of 125 g/L, voltage 4 V and ACD of 3
cm at three different stirring speeds of 0, 300, 600 rpm.
Fig. 3 shows that the efficiency of the anodic current has
increased by increasing the stirring speed of the
electrolyte from zero to 300 rpm, then has decreased by
increasing the stirring speed to 600 rpm. Also, the energy
consumption per dissolution of one gram superalloy has
reached to its lowest value at the electrolyte stirring speed
of 300 rpm. Therefore, the electrolyte stirring speed of
300 rpm causes the highest anodic dissolution rate for U-
500 superalloy.

The effect of anode-cathode distance on anodic dissolution

In order to investigate ACD on the anodic dissolution of
the superalloy U-500, dissolution experiments were
carried out for 25 minutes in sulfuric acid concentration
of 125 g/L, voltage 4 V, stirring speed of 300 rpm and
three different ACDs (2, 3 and 4 cm). According to Fig.

4, almost the same result has been obtained at ACD of 3
and 4 cm in terms of anodic current efficiency and
dissolution rate. For optimal use of the space of the
electrolysis cell, ACD of 3 cm may be considered as the
optimal distance for the anodic dissolution of U-500
superalloy.
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Fig. 3. Variations of the anodic current efficiency and energy
consumption vs. stirring speed of electrolyte.
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Fig. 4. Variations of anodic current efficiency and anode
dissolution rate vs. anode-cathode distance

The distribution of elements between solution and anodic slime
After dissolution experiment in optimal conditions, the
distribution of elements between the obtained solution
and anodic slime was determined based on the mass
balance as shown in Table 1. It can be seen that Ni, Co,
Cr, Mo and Fe mainly enter into the solution and Al and
Ti mainly appear in the anodic slime. This could be due
to the different distribution of elements in the various
microstructural phases thus their different dissolution
behavior and corrosion resistance in the anodic
dissolution of U-500 superalloy.

Table 1. Distribution of elements (wt %) in U-500 superalloy
between the resulting solution and anodic slime
Element Ni Co Cr Al Mo Fe Ti
Solution | 60.3 | 87.4 | 86.3 | 43.1 | 81.3 | 92.7 | 17.95

Anodic | 51 57 | 971 | 305 | 60.94 | 88 | 403 | 64.09
Slime

Characterization of anodic slime

The analysis of X-ray diffraction pattern of the obtained
anodic slime revealed vy’ (Nis(Al, Ti)) particles as the
major constituent phase inaddition a little amonunts of
Cr23Cs and TiC carbides.

4- Conclusion

The anodic dissolution of the scrap U-500 superalloy in
sulfuric acid electrolyte was investigated under different
conditions. The main results are as follows: 1- The highest
dissolution rate and anodic current density were obtained
at a sulfuric acid concentration of 125 g/L. 2- The effect
of applied DC voltage is much more significant in
compared to other affecting factors, so that the dissolution
rate increased significantly by increasing the voltage from
3to 4 V. 3- The optimal conditions for the electroleaching
of U-500 superalloy in sulfuric acid electrolyte were
determined as 125 g/L, 4 V, 300 rpm and 3 cm for the acid
concentration, applied voltage, stirring speed, and anode-
cathode distance, respectively.
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Anodic Dissolution of Used Nickel-Base Superalloy U-500 in Sulfate Media for Recycling of
Ni, Co and Cr

S. R. Bagherzadeh Ghazi M. Ojaghi-llkhchi A. Samadi

Abstract U-500 is a nickel-based superalloy which has significant amounts of some precious elements such as cobalt
and chromium. Due to the economic and strategic value of these metals, their recovery from the used superalloys is of
great importance. Hydrometallurgy is an economical and effective method for recovering these valuable metals from
the superalloy scraps. So in this investigation, the dissolution behavior of nickel, cobalt and chromium elements from
the used U-500 superalloy in the electro leaching process as well as the effect of different process parameters (such as:
sulfuric acid concentration, applied voltage, process temperature, stirring and cathode-anode distance) on the
dissolution of these elements are studied in details. The results show clearly that by increasing the concentration of
sulfuric acid in the electrolyte, the applied voltage, and temperature, as well as decreasing the cathode-anode distance,
the anodic dissolution of the superalloy U-500 is improved. Electrolyte stirring has no significant effect on increasing
the anodic dissolution of the superalloy. The optimum conditions for the anodic dissolution of superalloy U-500 in
sulfuric acid electrolyte was determined as acid concentration of 125 g/L, applied voltage of 4 V, stirring speed of 300
rpm, and cathode-anode distance of 3 cm without temperature control (starting with ambient temperature as the initial
temperature ). Under these conditions, about 75% nickel, 84% cobalt and 67% chromium were anodically dissolved
during 25 minutes.

Key Words: Recycling, U-500 superalloy, Hydrometallurgy, Anodic dissolution, Nickel, Cobalt, Chromium.
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