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BACKGROUND
Extraction of lithium from natural resources has increased significantly in recent years due 
to increased demand. Lithium is valuable in various industries including pharmaceuticals, 
ceramics and glass, polymers and lubricants. Its largest current utility, however, is in the 
bourgeoning battery industry. The battery market consumes almost 50% of worldwide 
lithium production and is expanding year-on-year.

Lithium carbonate is a major form of raw lithium for production of battery materials. 
Lithium carbonate is produced mainly from lithium-containing brines, such as those found 
in Chile and Argentina. The process generally involves evaporating these brines to increase 
lithium concentration, after which the concentrated brine is heated to 60-90oC. Soda ash 
(sodium carbonate, Na2CO3) is ultimately added to produce lithium carbonate as a 

precipitate. The heating of the solution allows for improved precipitation of lithium 
carbonate by decreasing the solubility from 13g/L at room temperature to 8g/L.

Raman spectroscopy adds value to processes as an analytical tool that can quantify 
multiple products and impurities simultaneously in-line. Relative to other techniques, real-
time Raman measurements usually require seconds instead of minutes, hours or even days 
in some cases when lab turnaround times are considered. Tornado Spectral Systems 
HyperFlux™ PRO Plus (HFPP) Raman analyzer delivers considerable improvement in the 
Signal-to-Noise Ratio (SNR) compared to conventional Raman spectrometers due to its 
patented HTVS™ technology. In this case, use of the HFPP as a monitoring tool results in 
faster and more accurate quantification of Li2CO3 profiles from the precipitation process. 

The exceptional increase in spectral throughput due to the HTVS™ results in fast 
measurement times coupled with high quality spectra.
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EXPERIMENT METHODS
The precipitation reaction was performed by adding 1-mL aliquots of 200g/L Na2CO3 to 
20mL of a 100g/L LiCl solution. This solution was continuously stirred by a magnetic stir bar 
and was kept at room temperature. 

A HyperFlux™ PRO Plus (HFPP) Raman spectrometer with a 785nm laser set to 495mW was 
used to monitor the precipitation process using an immersion probe. Each aliquot was allowed 
to equilibrate for 15 minutes, after which 20 spectra were taken. Each spectrum collected 
consisted of a 350 ms exposure time with 15 exposures averaged per spectrum, which 
resulted in a new measurement every 5.25 seconds. The expected concentration of Li2CO3 was 
determined from known equilibrium constants and calculated in MATLABTM using numerical 
simulation.

The Raman spectra from both dissolved carbonate and lithium carbonate can be clearly seen in 
Figure 1 below, which shows the region from 1000-1150cm-1. This spectral region was used 
to develop chemometric models. The dissolved carbonate peak is manifest at 1067cm-1 and 
the lithium carbonate peak at 1090cm-1. Rubberband baseline subtraction and 11-point 
Savitzky-Golay smoothing were the preprocessing steps performed (see Figure 1 below).
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Figure 1: Spectrum of dissolved carbonate and lithium carbonate after preprocessing with rubberband subtraction and 
11-point smoothing

RESULTS & DISCUSSION
A 3-factor partial least squares (PLS) model was created using PEAXACTTM chemometric 
software (S-PACT). This model provided an RMSECV of 0.018mol/L (1.3g/L) and with a 
repeated experiment gave an RMSEP of 0.027mol/L (2.0g/L), implying a limit of detection of 
0.081mol/L (6.0g/L). The concentration range for building this calibration was from 0.17mol/
L (13g/L) to 0.67mol/L (50g/L). This gives an error over the measurement range of roughly 
4%.

It is worth noting that there are slightly greater errors at the extremes of the calibration. The 
bracketed parts of the models predict very well. This suggests that the models would 
require coverage beyond the range expected for a typical measurement to maintain 
accuracy. It is unclear whether this deviation at the extremes is due to evolving variables, 
non-linearities or some other factor or factors. 
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Figure 2: Predicted vs True for measurement of lithium carbonate in calibration and validation experiments. 
RMSECV=0.018mol/L, RMSEP=0.027mol/L.

CONCLUSION
These results demonstrate the exceptional speed, sensitivity, and signal-to-noise ratio of 
the HFPP, and how it can be used to make fast, in-line measurements of lithium carbonate 
precipitation. The HFPP can be used for end-point detection, minimize cost of added 
materials, and with a measurement time of 5.25 seconds, can be used for tighter process 
control to further increase yields and profitability. The work presented in this note suggests 
that the Tornado Raman can add value to the Lithium production process by introducing a 
greater degree of process control.




