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In situ XRPD of the synthesis of corundum from boehmite during ball milling
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The possibility to induce transformations in solid materials by grinding is known since ancient times [1]. While in those times only simple
tools like mortar and pestle were available, laboratories nowadays use automatized milling instruments. Well-known examples for these tools
are ball mills, for which shaker and planetary ball mills are the most widely used types [1, 2]. Since 2013, in situ X-ray powder diffraction (in
situ XRPD) is applied to study processes taking place in shaker mills [3]. By using high-energy synchrotron radiation, it is possible to monitor
transitions of crystalline compounds and the appearance of intermediate crystalline phases during grinding in real-time [3, 4]. Special
adaptations of the grinding setup are necessary to fulfill the criteria for the successful performance of such in situ studies [3, 4]. Two aspects
are especially important. On the one hand, the material composition and the wall thicknesses of the applied vessels determine the remaining
intensity of the diffracted X-rays [5]. On the other hand, the used mill must provide a free pathway for the X-rays, which is not the case for
conventional shaker mills [4]. The established way to ensure the fulfillment of both conditions is the use of vessels made from polymethyl
methacrylate (PMMA) together with a modified shaker mill [4, 5]. This combination allowed for the successful in situ XRPD monitoring of
the syntheses of soft materials by ball milling, like metal organic frameworks or organic co-crystals [3-5]. Recently, the utilization of an
alternative vessel design was published for the successful in sitzu XRPD study of the mechanochemical synthesis of zinc sulfide from its
elements [6]. In this case, the vessel was made of a material mix of stainless steel and PMMA.. Despite these successful applications, the in
situ monitoring of hard materials, which have a high demand towards the mechanical properties of the grinding tools, remain especially
challenging. In this work, we present the first in situ XRPD data of the mechanochemically induced transformation of boehmite (y-AIOOH)
to corundum (a-Al203). So far, the transformation could only be shown by ex situ XRD data [7]. As one of the hardest materials, corundum
is especially suited to explore the limits of a grinding system. We will discuss the specific demands, which arise for in situ XRPD of hard
materials during ball milling and their technical solutions.
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