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Epsilon 1 LF and Epsilon Xflow: enabling real-time elemental analysis and digital 
control from pilot to production scale 

Michel Zoontjes, Anoek Nijhuis-Nollen.  

Efficient and reliable process control is essential for modern hydrometallurgical 
operations, where rapid decision-making directly influences metal recovery, reagent 
consumption, and overall process stability. To support environments ranging from 
pilot-scale development to full-scale production, Malvern Panalytical offers 
complementary real-time X-ray fluorescence (XRF) solutions tailored to the specific 
demands of hydrometallurgy workflows: the Epsilon 1 LF and the Epsilon Xflow. 

The Epsilon 1 LF is an ideal analytical platform for pilot plants, research facilities, and 
early-stage process optimization. Its compact footprint, low operating cost, and ability 
to work with small flowrates provide laboratories with real-time analysis in pilot-plant 
setups to monitor key elements and support the development of advanced 
solution-extraction processes. This enables more efficient test work, faster flowsheet 
development, and improved understanding of process variability before scaling up. 

Once the pilot plant has delivered proven results, the process can be moved to 
production scale. Here, the Epsilon Xflow is designed to handle full-scale process 
streams, with extended capabilities that allow monitoring not only major elements but 
also minor and trace components. Because the Epsilon Xflow shares core technology 
with the Epsilon 1 LF, analytical methods can be transferred directly. New, unexpected 
issues that appear during scale-up can be tracked using the same XRF technology, 
allowing operators to focus on optimizing the overall process. 

Together, these two XRF systems provide a unified, scalable analytical solution—
supporting hydrometallurgical operations from concept development to continuous 
production with fast, accurate, and actionable elemental data. The flexibility of the 
technology enables straightforward scale-up across multiple industries, from 
base-metal extraction and battery recycling to emerging rare-earth processing 
applications. 

 


