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Report: 
Resonant Acoustic Mixing (RAM) technology, by the Resodyn Corporation, has become a highly popular 

processing technology for the pharmaceutical and energetic materials communities. This experiment sought 

to build on previous experience of in situ mechanochemistry to investigate the real-time processes occurring 

under Resonant Acoustic Mixing in a LabRAM 1. To the best of our knowledge, this experiment was the 

first example of real-time in situ synchrotron investigation of this device. A number of key processes were 

investigated over the course of this experiment: 1) Optimising experimental procedures to obtain high quality 

diffraction data from RAM processes; 2) follow the effects of RAM treatment conditions on single phase 

systems; 3) follow the effects of RAM treatment conditions on multi-phase systems, with particular focus on 

co-crystallisation; and 4) follow in real time the ability of RAM to mix powdered materials on the small 

scale.  

In this experiment, we have successfully studied these phenomena, and data are being processed for 

publication in peer-reviewed journals. 

 

1. Data Collection Scheme 

Data collection proves particularly difficult for real-time in situ studies of mechanochemical processes. With 

a new mechanochemical reactor being investigated, focus was on optimising data collection strategies for 

this new device. Due to the flexibility of sample containers allowed by the RAM, high quality data was 

attainable for robust analysis of solid-state processes. A thorough examination of collection time, position 

and geometry was performed to ensure highest quality data were attained.  

 

2. Single-Phase Transformations under RAM 

A number of single phase transformations were followed in situ throughout this experiment. Particular 

interest in following solid  solid transformations, and obtaining detail into the real-time effects of RAM 



treatment on particle integrity. A number of interesting transformations were observed under RAM 

conditions, and the intensity and rates under which they were observed demonstrate key attributes as to the 

intensity and applicability of the RAM to treating solid materials.  Collection of high-Q range data was 

achieved for investigation of microstructural development during RAM treatment. This experiment offered 

unique insights into the relative capacity of RAM for powder treatment over conventional mixing and 

mechanochemical technologies. 

 

 

3. RAM-Induced Co-Crystallisation 

The beam time provided by the ESRF has allowed us the time to systematically explore a number of key 

technological parameters associated with the RAM technology. In particular, following the effects of these 

parameters on the co-crystallisation of model compounds. 

 

3.1 Co-Crystallisation  

The particular strength of real-time in situ investigation is its ability to directly follow a solid + solid 

transformation through time, without the need to perturb the system. In the present experiment, the rate of co-

crystallisation was followed for a number of model organic molecular systems. Of particular interest was the 

model system of glycine + oxalic acid dihydrate, which we have previously followed in situ by ball milling. 

This experiment therefore offered a direct comparison of the efficiency and processes occurring for the same 

system in two very different mechanochemical reactors. The processes were found to differ between the two 

reactors. These findings are of great importance for industrial application of mechanochemical technologies, 

where intelligent selection of mechanical processing techniques is clearly of critical importance.  

Further co-crystallisation processes were monitored, including those of pharmaceutical interest. We again 

discovered unique differences between the processes which occur under ball milling conditions and under 

RAM treatment conditions, and believe these results will be of great interest to both industrial and academic 

communities. It was particularly notable that some co-crystallisations were not completed due to the inherent 

energies associated with the RAM technologies, but instead intermediates were trapped. This work is 

currently being supported by computational and ex situ mechanochemical investigation, and will provide 

unique insight into the nature of mechanochemical co-crystallisations.  

 

3.2 Kinetics of Co-Crystallisation 

As a new technology, the community remains largely unaware of the effects of various working parameters 

on reactive processes. We therefore explored the effects of various G-force settings on the rates of multi-

component crystallisations, with and without the addition of liquids. Contrary to widespread belief, these 

studies showed that a simple correlation between treatment intensity and reaction rate was not always 

straightforward. For some of the investigated co-crystallisations, increasing RAM intensity was met with an 

increase in the reaction rate, however, in others there was no obvious effect on the reaction rate.  

A particularly surprising feature of these investigations was the discovery that G-force can be used to tune the 

results of a multi-component crystallisation processes. This was seen for a number of the systems 

investigated.  

It is typically found that RAM co-crystallisations required the addition of small quantities of solvent (that is, 

liquid assisted grinding, LAG). Thus the rates of co-crystallisation were also followed across a series of 

solvents, in which materials are known to be soluble, and those in which they are not. Notable effect on the 

rate of RAM-induced crystallisation was observed, and trends currently being analysed.  

 

4. Mixing 

Built primarily as a mixing device, considerable interest has surrounded the ability of RAM technology to 

homogeneously mix powder systems. This experiment offered the first opportunity to monitor the local 

mixing of powder + powder systems by RAM technologies. Particular interest rested in the ability to monitor 

the rates of this mixing as a function of the RAM parameters. A number of experiments were also performed 



to assess the relative rates of mixing and reactive chemistry. This allowed for the first time to establish new 

insights into phenomena obtained by us, and others, through RAM treatment of powders.  

                   
Fig. (Left) RAM installed on ID31 beamline. (Right) Successful monitoring of Co-crystallisation under RAM 

treatment. 


