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WORANITTHA KRITSARIKAN : RECOVERY OF NEODYMIUM FROM MANUFACTURING
NEODYMIUM - IRON - BORON MAGNET WASTES VIA HYBRID — METALLURGICAL
PROCESS. THESIS ADVISOR : ASST. PROF. TAPANY PATCHARAWIT, Ph. D., 147 PP.
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This research studied the recovery of manufacturing NdFeB magnet wastes in
the sintered solid and powder forms via hybrid (pyro-hydro) metallurgical process.
Experimental consisted of two recycling routes, namely 1) route I: whole leaching and
2) route II: oxidative-roasting and selective-leaching. Route I: whole leaching process,
started with sulfuric acid leaching at 2.5 M for 24 hours, followed by roasting,
precipitation using 1 M oxalic acid and finally calcination at 1000 °C for 2 hours. Route
Il: oxidative-roasting and selective-leaching included oxidative roasting before
proceeding to the next step of sulfuric leaching in a similar manner to that of the
whole leaching to study the influence of oxidative roasting on recycling efficiency. For
recycling of sintered magnet waste, as-received composition consisted of 59.81 % iron,
23.97 % neodymium, 7.12 %. praseodymium and 0.26 % boron by weight. Through
route 1, whole leaching using sulfuric acid gave sulfates of neodymium, rare earth and
iron. Roasting at 800 °C for 2 hours in the succeeding step resulted in conversions of
iron sulfates to iron oxides, which can be separated out during water leaching step,
while neodymium and rare earth sulfates remained in the solution. Following the
precipitation by oxalic acid to give neodymium oxalates, calcination finally provided
neodymium oxide as the final recycling product, having 31.62 % recovery. The product
contained 63.16 % neodymium, 21.32 % praseodymium, and 0.02 % cobalt by weight.
By means of route Il: oxidative-roasting and selective-leaching, it was found that
oxidative roasting at 600 °C for 2 hours resulted in the formation of iron oxides (Fe,Os
and Fe;04) with reduced amount of neodymium iron oxide (NdFeOs), which were not
readily leached. Consequently, higher recovery of 76.03 % was achieved in comparison
to that obtained via route I. The recycling product contained 65.09 % neodymium,
19.83 % praseodymium and 0.03 % cobalt by weight. Furthermore, by considering the

recycling of magnet waste in the powder form, its as-received composition was 66.33



% iron, 21.66 % neodymium and 4.76 % praseodymium. According to route |: whole
leaching using sulfuric acid, followed by roasting at 750 °C for 2 hours, oxalic acid
precipitation and calcination, neodymium oxide was obtained as the final recycling
product with 59.36 % recovery. The product contained 61.23 % neodymium, 13.83 %
praseodymium and 0.04 cobalt by weight. Recycling via route Il has also demonstrated
that oxidative roasting enabled sétective leaching by sulfuric acid, resembling to that
of sintered waste recycling. Recovery was obtained at 75.46 % and the product
composition was 68.11 % neodymium, 14.93 % praseodymium and 0.02 % cobalt by
weight. Therefore, recycling of manufacturing NdFeB magnet wastes both in the
sintered and powder forms via hybrid metallurgical process provided neodymium
oxide as the desirable recycling product. The higher recycling efficiency based on
recovery could be achieved through oxidative-roasting and selective-leaching. Greater
leaching efficiency was the key, offering 92.11 and 95.73 in the sintered and powder

wastes respectively in comparison to those of 66.00 and 89.00 via whole leaching.
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